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ABSTRACT

BACKGROUND: In the prehospital set-
ting, differentiating patients who have
sepsis from those who have infection
but no organ dysfunction is important
to initiate sepsis treatments appropri-
ately. We aimed to identify which pub-
lished screening strategies for para-
medics to use in identifying patients
with sepsis provide the most certainty
for prehospital diagnosis.

METHODS: We identified published
strategies for screening by paramedics
through a literature search. We then
conducted a validation study in Alberta,
Canada, from April 2015 to March 2016.
For adult patients (= 18 yr) who were
transferred by ambulance, we linked
records to an administrative database

and then restricted the search to
patients with infection diagnosed in the
emergency department. For each
patient, the classification from each
strategy was determined and compared
with the diagnosis recorded in the emer-
gency department. For all strategies
that generated numeric scores, we con-
structed diagnostic prediction models
to estimate the probability of sepsis
being diagnosed in the emergency
department.

RESULTS: We identified 21 unique pre-
hospital screening strategies, 14 of
which had numeric scores. We linked a
total of 131745 eligible patients to hos-
pital databases. No single strategy had
both high sensitivity (overall range 0.02-

0.85) and high specificity (overall range
0.38-0.99) for classifying sepsis. How-
ever, the Critical Illness Prediction (CIP)
score, the National Early Warning Score
(NEWS) and the Quick Sepsis-Related
Organ Failure Assessment (qSOFA) score
predicted a low to high probability of a
sepsis diagnosis at different scores. The
gSOFA identified patients with a 7%
(lowest score) to 87% (highest score)
probability of sepsis diagnosis.

INTERPRETATION: The CIP, NEWS and
qSOFA scores are tools with good pre-
dictive ability for sepsis diagnosis in the
prehospital setting. The qSOFA score is
simple to calculate and may be useful to
paramedics in screening patients with
possible sepsis.

epsis is a syndrome characterized by life-threatening

organ dysfunction due to a dysregulated host response

to infection.! Early identification and prompt interven-
tion are critical to improving outcomes for patients with sepsis.?®
Paramedics are the first to evaluate and manage most patients
with sepsis,* often for an extended period before arrival in the
emergency department. However, in the prehospital setting,
without access to laboratory results, it can be challenging to dif-
ferentiate patients who have sepsis from those who have infec-
tion without organ dysfunction.

The potential for paramedics to contribute to the early
identification of sepsis using clinical signs and symptoms has
been discussed but seldom rigorously studied.>® Studies that
propose screening strategies for identification of sepsis by
paramedics are frequently limited by incomplete prehospital
measurements, small sample size or the use of convenience

samples comprising only patients with a diagnosis of sepsis
made in the hospital.> Furthermore, these studies have often
relied solely on measures of test accuracy that depend on the
known diagnosis of sepsis (sensitivity and specificity), which
are sensitive to spectrum bias due to underlying disease sever-
ity.° They also require that a threshold be established to define
a positive versus negative test result, which may conceal the
diagnostic information in individual test results that is more
relevant to clinical decision-making for individual patients in
different settings.?

To determine which approach to screening for sepsis is opti-
mal in the prehospital setting, we completed a validation of the
accuracy and predictive ability of published approaches for iden-
tification of patients with sepsis within a large cohort of patients
with suspected infection who were transported by emergency
medical services.
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Methods

Identification of screening strategies

We re-ran the search strategy from our previously published sys-
tematic review® to find additional screening strategies for identi-
fication of infection or sepsis in the prehospital setting (search
dates Oct. 1, 2015, to July 22, 2019). The search strategy and
methods are described in Appendix 1, Part Al-1 (available at
www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.190966/-/DC1).

Study design

In this 1-year validation study, we compared the classification
and predictive ability of published prehospital sepsis screening
strategies applied to a cohort of patients with a single reference
standard for diagnosis of sepsis. We used the STROBE! and
RECORD?*2 statements to guide reporting.

Study population and setting

Records for all adult patients (age = 18 yr) transported between
Apr. 1, 2015, and Mar. 31, 2016, by a large provincial emergency
medical service in Alberta were deterministically linked to a
population-based emergency administrative database (National
Ambulatory Care Reporting System) and an inpatient database
(Discharge Abstract Database) by analysts in the emergency
medical service using each patient’s unique health number, birth
date, time and initial destination for patient transport.

Sepsis should be considered when clinicians have a strong
suspicion of infection;! therefore, we assembled a cohort consist-
ing only of patients who had an infection diagnosed in the emer-
gency department. We identified these patients using previously
validated diagnosis codes for use in the emergency department
consistent with a bacterial or fungal infection?® (as listed in
Appendix 2, available at www.cmaj.ca/lookup/suppl/doi:
10.1503/cmaj.190966/-/DC1). We also assembled a subcohort of
patients for whom paramedics documented a suspected infec-
tion (i.e., real-world application). Paramedic-suspected infection
was determined by examining several fields, including those for
the chief complaint (patient perspective) and the provider
impression (paramedic perspective), for terms consistent with
infection (e.g., cellulitis, urinary tract infection, pneumonia), sep-
sis, cough or flu-like symptoms. We also included patients for
whom paramedics had selected the sepsis treatment protocol.

For patients with multiple transports or emergency admis-
sions in a single day, we retained only the initial emergency med-
ical service record and the final emergency department record,
because these were the most complete records. Patients who
were admitted to the initial destination hospital were also linked
to an inpatient administrative database (the Discharge Abstract
Database of the Canadian Institute for Health Information) to
determine in-hospital disposition (admission to the intensive
care unit, mechanical ventilation, length of stay and death).

Variables

We extracted from the emergency medical service records all
measured patient characteristics (age, weight, vital signs), the
documented physical examination findings (including Glasgow

Coma Scale score!) and operational characteristics (date and
time stamps). For each characteristic, the first available measure
was used for evaluation of all screening strategies, as we hypoth-
esized that initial measurements were least likely to be influ-
enced by medical intervention and most likely to inform subse-
quent care by paramedics. These measures are entered directly
into the patient care record during the patient encounter or are
imported from a monitoring device and verified by the para-
medics before they leave the hospital.

Application of screening strategies

We applied the prehospital screening strategies identified in our
updated search to our cohort (all patients with confirmed infec-
tion) using the recommended measures, which resulted in a
“positive” or “negative” screening result for each strategy for
each patient. For strategies with a numeric score, we determined
both the numeric score and the screening result based on the
recommended threshold. We conducted sensitivity analyses to
evaluate the ability of each approach to identify sepsis in the
entire population of transported patients and also in the sub-
cohort of patients for whom paramedics documented a sus-
pected infection.

Outcome measure

The primary goal of this study was to compare the ability of the
screening strategies to identify the outcome of sepsis. We identi-
fied cases of sepsis using a strategy based on the Canadian ver-
sion of the International Statistical Classification of Diseases and
Related Health Problems, 10th revision, validated for the 2012
Surviving Sepsis definition,’* modified to align with the Sepsis-3
definition. This strategy identified patients as having sepsis if
they were diagnosed with infection in the emergency depart-
ment and were found to have organ dysfunction characteristic of
sepsis. Organ dysfunction was identified from diagnostic codes
or altered vital signs consistent with organ dysfunction (identi-
fied on the basis of abnormalities in documented pulse oximetry,
mean arterial pressure or Glasgow Coma Scale score that would
be consistent with a sequential organ failure assessment score of
2 or greater?). We excluded patients who were discharged from
the emergency department. This approach was found to be reli-
able, and it had good criterion and construct validity for identify-
ing patients with sepsis in the emergency department.’

Statistical analysis

Within the cohort of patients with infection diagnosed in the
emergency department, we assessed diagnostic accuracy by cal-
culating sensitivity, specificity and the corresponding positive
and negative predictive values according to the result from each
screening strategy. We assessed the predictive ability of strate-
gies with a numeric score using diagnostic prediction models,
with diagnosis of sepsis in the emergency department as the
binary outcome.'® Each patient’s score was calculated and
included in the model, along with their age and sex (if not
already a component of the strategy) to adjust for nonrandom
differences in these variables within our population. We
addressed the possibility of dependence between observations
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due to clustering by destination hospital using the Huber-White
robust covariance matrix estimates.’” We created a visual com-
parison of the predicted probabilities from each score, repre-
senting a patient’s probability of having sepsis from the min-
imum to maximum level of each score. We assessed
discrimination with the C statistic, and we assessed calibration
visually with calibration plots (Appendix 3, available at www.
cmaj.ca/lookup/suppl/doi:10.1503/cma;j.190966/-/DC1).181° Prob-
ability estimates for sepsis diagnosis with 95% confidence inter-
vals are reported here. We used normal-value imputation of
missing values for both analyses. We also completed a sensitivity
analysis that excluded patients for whom any measure was
missing.

All statistical analyses were completed in R statistical and
computing software. We used the “tableone” package for
descriptive statistics, the Quan method (using the “icd” package)

for calculating Charlson scores? and the “rms” package for con-
structing prediction models.*"22

Ethics approval

This study was reviewed and approved under a waiver of informed
consent by the University of Calgary Conjoint Health Research
Ethics Board and the University of Toronto Health Science
Research Ethics Boards.

Results

Screening strategies to identify sepsis

We identified 32 studies,”>* 1 abstract®® and 3 ongoing regis-
tered studies®®-*® that described 21 unique screening strategies
for the identification of sepsis in the prehospital setting (Table 1).
Among these strategies, 14 had a numeric score. All of the

Table 1: Criteria included in screening strategies for identification of sepsis by paramedics

Systolic blood Respiratory
pressure

Strategy* Temperature Heartrate

BAS 90-30-90°1
Borrelli et al.®t X
CIPs3t
HEWS*"t
MBIS*®
MEWS*"4t
NEWS*t
PHANTASi?
PITSTOPS
PreSAT>2t
PRESEP2f
PRESS*T
PSPt

q SO FAZ?,30,33,36,38740,44,46,511-

> X X X X X X X
X X X X X X X

X X X X X X X X X X

X X X X X X X

gSOFA + end-tidal carbon
dioxide®

Robson score”%3t
SEPSIS*Y
Sepsis Alert®

SIRS?23.25,27,33,39,42,50,54¢

<X X X X X
<X X X X X
>

SIRS + end-tidal carbon
dioxide3*

Suffoletto et al.* X X

Presence/absence in strategy

Oxygen Glasgow
rate saturation Coma Scale Other criteria
X X
X X X
X X X Age
X X X
X
X X
X X
X
X X
X Age, dispatch card?
X
X X End-tidal carbon dioxide
X X Blood glucose level
X X X Age, appearance of skin§
X Mean arterial pressure
X
X End-tidal carbon dioxide

Note: BAS = Blood Pressure Andningsfrekvens (meaning “respiratory rate” in Swedish) Saturation, CIP = Critical Illness Prediction score, HEWS = Hamilton Early Warning Score, MBIS =
Mecklenburg Bacterial Infection Scale, MEWS = Modified Early Warning Score, NEWS = National Early Warning Score, PHANTASi = Prehospital Antibiotics Against Sepsis, PITSTOP =
Paramedic Initiated Treatment of Sepsis Targeting Out-of-Hospital Patients clinical trial, PreSAT = Prehospital Sepsis Assessment Tool, PRESEP = Prehospital Early Sepsis Detection,
PRESS = Prehospital Severe Sepsis, PSP = Prehospital Sepsis Project, qSOFA = Quick Sepsis-Related Organ Failure Assessment, SEPSIS = Screening to Enhance Prehospital

Identification of Sepsis, SIRS = Systemic Inflammatory Response Syndrome.

*For more detailed information about the components of each strategy, see Appendix 1, Table A1-1 (available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.190966/-/DC1).

tStrategies that produce a numeric score.
iDispatch category specified as “sick person.”

§Mottled or ashen appearance or cyanosis of the skin, lips or tongue; nonblanching rash of the skin.
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strategies included more than 1 patient measure, whereas 3 of
the strategies (Critical Illness Prediction [CIP], Screening to
Enhance Prehospital Identification of Sepsis [SEPSIS] and Pre-
hospital Severe Sepsis [PRESS]) also included patient character-
istics other than measured patient values. A detailed description
of the components of each screening strategy is available in
Appendix 1, Table A1-1.

Patients

Of 146626 adult patients transported during the study period,
131745 (90%) were successfully linked to hospital databases.
The most common reasons for linkage failure were lack of a
unique health number documented on the emergency medical
service report (36%) and inability to match emergency medical
service and hospital records (38%). Among the patients with suc-
cessful linkage, 12740 had infection and therefore constituted
our primary cohort; for 2740 (22%) of these, sepsis was diag-
nosed in the emergency department (Figure 1). The proportion of
patients with missing values was low (range 0%-4%) for most
vital signs, but was high for blood glucose level (24%) and end-
tidal carbon dioxide (86%). Characteristics of the patients are
presented in Table 2.

Adult patients transported
by Alberta EMS

n =146 626

Patients in whom linkage
was attempted
n=138 315

Patients transported to emergency

Accuracy of classification

We observed considerable variation in classification accuracy
among the screening strategies. None of the screening strategies
was both highly sensitive and highly specific for the diagnosis of
sepsis. Positive predictive values ranged from 0.23 to 0.68, with
only 6 strategies having positive predictive values above 0.5
(Table 3). When we excluded patients with missing measures,
strategies for which measures were missing for a large proportion
of patients (e.g., end-tidal carbon dioxide) had increased sensitiv-
ity and decreased specificity (Appendix 4, Table A4-1, available at
www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.190966/-/DC1).
Classification accuracy for the entire cohort of patients for whom
linkage was successful (n = 131745) is presented in Appendix 4,
Table A4-2.

The findings of our sensitivity analysis to evaluate the ability of
each approach to identify sepsis in the entire population of trans-
ported patients is presented in Appendix 4, Table A4-2 and
Table A4-3. In the sensitivity analysis conducted in the subcohort of
4138 patients for whom paramedics documented a suspected infec-
tion, 420 (10%) had sepsis diagnosed in the emergency department.
Relative to the primary analysis, the positive predictive values for all
screening strategies decreased (Appendix 4, Table A4-4).

Excluded n=8311

« No unique health number n=5292*
« No transport destination n=3352*
» Noarrival time n=582*

Excluded n=6570

» Unableto match records n=5632t1
o Duplicate records n =938

department with linked records
n=131745

No infection
n =119 005

Confirmed infection

n=12740

No sepsis Sepsis diagnosis
n=10000 n=2740

Figure 1: Study flow diagram. Note: EMS = emergency medical services. *These frequencies are not mutually exclusive. tFor the 5632 patients with
unmatched records, age and sex were as follows: 3667 patients were 18-65 years of age, and 1965 patients were older than 65 years; 3496 patients were

women, and 2136 were men.
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Table 2 (part 1 of 2): Characteristics of patients who were transported by emergency medical services

Group; no (%) of patients*

No sepsis

Characteristic n=10000
Prehospital operational characteristics
Dispatch priority

Omega/alpha (lowest priority) 3300 (33)

Bravo/charlie 3998 (40)

Delta/echo (highest priority) 2695 (27)
Unit type

Advanced life support 8886 (89)

Basic life support 1114 (11)
Emergent (i.e., lights and sirens) transport to hospital 369 (4)
Response time, min, median (IQR) 7.0 (5.0-10)
Prehospital time, min, median (IQR) 39 (31-50)
Transport distance, km, median (IQR) 14 (9.0-17)
Prehospital patient characteristics
Sex

Male 4447 (44)

Female 5553 (56)
Age, yr, mean £ SD 71+18
Weight, kg, mean + SD 79£26
Temperature, °C, mean + SD 37.0+£0.93
Heart rate, beats/min, mean + SD 94 +23
Respiratory rate, breaths/min, mean + SD 21+6.2
Oxygen saturation, %, median (IQR) 95 (92-97)
End-tidal carbon dioxide, mm Hg, mean + SD 31+15
Systolic blood pressure, mg Hg, mean + SD 138 +27
Diastolic blood pressure, mm Hg, mean + SD 79+18
Mean arterial pressure, mm Hg, mean + SD 99+19
Blood glucose level, mmol/L, mean + SD 7.9+3.69
Glasgow Coma Scale score,** mean + SD 15+0.83
CIP score,f median (IQR) 3(1-5)
IV initiated by EMS personnel 3773 (38)

Total volume of IV fluid administered,f mL,
median (IQR)

Weight-based volume of IV fluid administered
(mL/kg), mean + SD

Hospital characteristics
CTAS score in emergency department
1 (most urgent)
2
3
4
5 (least urgent)
CTAS score, median (IQR)

Time to triage, min, median (IQR)

400 (238-500)

5.85+4.97

137 (2)
2999 (33)
4759 (52)

1081 (12)

92 (1)
3(2-3)
11 (8.0-15)

Sepsis
n=2740

525 (19)
1172 (43)
1043 (38)

2438 (89)
302 (11)
460 (17)
6.0 (4.0-9.3)
41 (34-52)
12 (9.0-16)

1337 (49)
1403 (51)
75+15
7927
37.1+1.2
100+26
24+10
91 (84-95)
28+13
126 +31
72+21
89+22
84+43
13+£2.9
6 (4-9)
1467 (54)
400 (250- 500)

6.28 +5.23

366 (14)
1389 (52)
831(31)
99 (4)
6(<1)
2(2-3)
10 (7.5-14)

Standardized
difference

0.004

0.44
0.13
0.14
0.05

0.087

0.23
0.02
0.09
0.24
0.41
0.75
0.26
0.42
0.37
0.43
0.12
0.92
0.99
0.43
0.12

0.785
0.12

% with
missing data

0.01

0.3
2.2

38
7.8
0.7
2.1
1.2
86
0.6
0.8
15
24
S

19

19

7.7

7.7
9.8
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Table 2 (part 2 of 2): Characteristics of patients who were transported by emergency medical services

Group; no (%) of patients*

No sepsis Sepsis Standardized % with
Characteristic n=10000 n=2740 difference missing data
Time to physician assessment, min, median (IQR) 77 (37-137) 44 (16-96) 0.38 11
Total time in emergency department, min, 555 (347-1035) 700 (445-1287) 0.19 0
median (IQR)
Patient admitted to inpatient care 5775 (58) 2614 (95) 1.8 0
Patient transferred to another hospital 254 (2) 90 (3) 0.04 0
Charlson comorbidity index, median (IQR) 1(0-2) 1(0-3) 0.15
Mechanical ventilation required 122 (1) 254 (10) 0.38 0
Patient admitted to ICU 266 (3) 356 (13) 0.39 0
Total ICU time,§ h, median (IQR) 116 (58-216) 117 (49-209) 0.18 0
Total length of stay, d, median (IQR) 7 (4-13) 7 (4-15) 0.04 0
In-hospital death 427 (5) 528 (28) 0.66 18

Note: CIP = Critical Illness Prediction score, CTAS = Canadian Triage Acuity Scale,” EMS = emergency medical services, ICU = intensive care unit, IQR = interquartile range, IV = intravenous,
Prehospital time = time from EMS arrival on scene to arrival at hospital, Response time = time from call to EMS arrival on scene, SD = standard deviation.

*Except where indicated otherwise.

TThis score was previously validated as a measure of illness severity in patients transported by paramedics.*

tAmong patients who received fluid by IV admnistration.

§Among patients who were admitted to the ICU.

Table 3: Diagnostic classification accuracy of screening strategies for prehospital identification of sepsis, based on published

thresholds for patients with infection diagnosed in the emergency department

Strategy* (score threshold) Sensitivity (95% Cl) Specificity (95% Cl) PPV NPV
Sepsis Alert 0.07 (0.06-0.08) 0.99 (0.99-0.99) 0.68 0.79
qSOFA (2) 0.40 (0.38-0.42) 0.94 (0.94-0.95) 0.66 0.85
PITSTOP 0.02 (0.02-0.03) 1.00 (1.00-1.00) 0.65 0.79
gSOFA + end-tidal carbon dioxide 0.44 (0.42-0.46) 0.92 (0.91-0.92) 0.60 0.86
PRESS (2)t 0.11(0.10-0.12) 0.98 (0.97-0.98) 0.56 0.80
SEPSIS (5) 0.26 (0.24-0.27) 0.94 (0.94-0.95) 0.55 0.82
BAS (1) 0.57(0.55-0.59) 0.79 (0.78-0.80) 0.43 0.87
Borrelli strategy (3) 0.49 (0.47-0.51) 0.86 (0.86-0.87) 0.50 0.86
MEWS (4) 0.53 (0.51-0.55) 0.77 (0.77-0.78) 0.39 0.86
PRESEP (4) 0.49 (0.47-0.51) 0.76 (0.75-0.77) 0.36 0.84
MBIS 0.44 (0.42-0.46) 0.77 (0.76-0.77) 0.34 0.83
PSP (2) 0.42 (0.40-0.44) 0.77 (0.76-0.78) 0.33 0.83
PreSAT (2) 0.49 (0.47-0.50) 0.71 (0.70-0.72) 0.32 0.83
PHANTASI 0.20 (0.19-0.22) 0.88 (0.87-0.89) 0.32 0.80
Robson score (2) 0.75 (0.73-0.76) 0.54 (0.53-0.55) 0.31 0.89
SIRS (2) 0.45 (0.43-0.47) 0.72 (0.71-0.73) 0.31 0.83
HEWS (2) 0.85 (0.84-0.86) 0.41 (0.40-0.42) 0.28 0.91
SIRS + end-tidal carbon dioxide 0.74 (0.73-0.76) 0.40 (0.39-0.41) 0.25 0.85
Suffoletto strategy 0.70 (0.68-0.71) 0.38 (0.37-0.39) 0.23 0.82

Note: BAS = Blood Pressure Andningsfrekvens (“respiratory rate” in Swedish) Saturation, CI = confidence interval, HEWS = Hamilton Early Warning Score, MBIS = Mecklenburg Bacterial
Infection Scale, MEWS = Modified Early Warning Score, NPV = negative predictive value, PHANTASI = Prehospital Antibiotics Against Sepsis, PITSTOP = Paramedic Initiated Treatment of
Sepsis Targeting Out-of-Hospital Patients clinical trial, PPV = positive predictive value, PreSAT = Prehospital Sepsis Assessment Tool, PRESEP = Prehospital Early Sepsis Detection,
PRESS = Prehospital Severe Sepsis, PSP = Prehospital Sepsis Project, gSOFA = Quick Sepsis-Related Organ Failure Assessment, SEPSIS = Screening to Enhance Prehospital
Identification of Sepsis, SIRS = Systemic Inflammatory Response Syndrome.

*Strategies are ordered by decreasing PPV. No studies reporting thresholds for the CIP (Critical Illness Prediction) score or NEWS (National Early Warning Score) score for identification
of sepsis were identified; as such these strategies are not included in this table.

tAuthors included “nursing home transport” in calculation of their score, but this variable was not available in our data set.
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Predictive ability

For the 14 screening strategies that generated a numeric score
(Table 1), assessing predictive ability provides knowledge about
the probability of sepsis diagnosis across each level of the
numeric scores. We observed considerable variation in discrim-
ination (C statistic range 0.61-0.79) and considerable change in
probabilities for increasing scores among different strategies
(Figure 2). Strategies using more measures and with a greater
range of possible points generally identified patients with the
highest probability of sepsis (e.g., CIP, National Early Warning
Score [NEWS]; Appendix 3, Table A3-1). Strategies that included
measures of the Glasgow Coma Scale and systolic blood pressure
(e.g., CIP, NEWS, Quick Sepsis-Related Organ Failure Assessment
[qSOFA]) generally identified patients with a higher probability of
sepsis than strategies incorporating a similar number of predic-
tors without either of these 2 measures (e.g., Prehospital Sepsis
Assessment Tool, Systemic Inflammatory Response Syndrome
[SIRS], Prehospital Sepsis Project [PSP]; Table 1). Two strategies
with only 3 points on the scoring system, namely the gSOFA and
the BAS (Blood Pressure Andningsfrekvens [“respiratory rate” in
Swedish] Saturation), identified patients with a 20% to 30%
increase in probability for each additional point (qSOFA range
0.07-0.87; BAS range 0.13-0.82); that is, gSOFA identified patients
with a 7% (lowest score) to 87% (highest score) probability of
sepsis diagnosis. However, another simple strategy (SIRS) had lit-
tle change in probability of sepsis across the entire range of the
score, identifying patients with only a 19% difference in probabil-
ity between the minimum and maximum scores (Appendix 3,
Table A3-1). Among patients with paramedic-suspected infection,
the overall discrimination improved for all strategies (C statistic
range 0.71-0.84), but the probabilities of sepsis diagnosis decreased
for all strategies (Appendix 3, Table A3-2 and Figure A3-1). Calibra-
tion curves showed that the BAS and PSP strategies overesti-
mated the probability of sepsis at high scores, whereas the PRESS
score underestimated sepsis probability at high scores. Calibra-
tion for the Prehospital Early Sepsis Detection score was poor,
whereas the remaining scores had consistent overlap of observed
and predicted probabilities, which indicated good calibration
(Appendix 3, Figures A3-2 to A3-15).

Interpretation

The accuracy of prehospital screening strategies for identifica-
tion of sepsis by paramedics varied considerably, with no strat-
egy having both high sensitivity and high specificity. However, in
validating the predictive ability of strategies that used a numeric
score, we found 3 strategies (CIP, NEWS and qSOFA) that had
good discrimination and good calibration. With these strategies,
low scores identify patients with low probability of sepsis, and
high scores identify those with high probability of sepsis in the
prehospital setting.

Sepsis is a syndrome rather than a disease.! Thus, a spectrum
of severity of illness among patients is expected, and a gold stan-
dard test to accurately diagnose patients with sepsis is not avail-
able.®! To effectively navigate this uncertainty, clinicians need to
know what information a screening strategy provides about an

individual patient’s risk of having sepsis. Accuracy of classifica-
tion provides limited information about uncertainty, because it
relies on a single result or threshold to identify the patient as hav-
ing the disease or not.>$% Qur approach of evaluating the pre-
dictive ability of sepsis diagnosis across the entire range of scores
helps to address this uncertainty by highlighting the change in
risk at different scores. Screening strategies that can identify
patients with low and high probability of sepsis may help clin-
icians determine which patients with suspected infection have
low risk, and which patients are at high risk of having sepsis. Con-
versely, screening strategies with little change in probability from
their lowest to their highest scores do not convey useful informa-
tion to clinicians about an individual patient’s risk of sepsis.

Previous studies have compared the accuracy of classification
of screening strategies for prehospital identification of sepsis in
the same population3®53% or in systematic reviews.>5% However,
these comparisons were limited because they assessed only a
few of the available screening strategies, they compared studies
using different case definitions for sepsis, or they used diagnostic
accuracy metrics. In contrast, in our study, we compared all pub-
lished strategies within the same population using the same case
definition for sepsis and using diagnostic prediction models. No
screening strategy will be perfectly accurate for the diagnosis of
sepsis, but our estimates of the diagnostic predictive value or the
probability of diagnosis with each strategy provide clinicians
with knowledge about how certain a diagnosis may be, given an
individual patient’s presentation, thus allowing them to deter-
mine who might benefit from earlier intervention.

The CIP, NEWS and qSOFA scores had good predictive ability
and the greatest range in the probability of sepsis diagnosis from
their minimum to their maximum scores. Prehospital systems
may consider integration of these screening strategies into para-
medic treatment protocols, using a higher probability of sepsis
(i.e., a higher score) to inform a stepwise approach to more
aggressive intervention by paramedics during transport of these
patients. For example, paramedics might consider notifying the
emergency department in advance if screening reveals that a
patient has moderate probability of sepsis (e.g., gSOFA score of 1
or 2), whereas they might initiate prehospital interventions and
emergency transport and provide advance notification for a
patient with a higher probability of sepsis (e.g., gSOFA score of
3). Screening strategies requiring only 3 measures, such as
gqSOFA, are simple and more likely to be used by paramedics.
Future studies could test the clinical benefit and feasibility of
adopting these approaches to guide paramedic interventions
prospectively, or they could investigate the predictive ability of
these same screening strategies for other important patient out-
comes, as has been tested for predicting mortality with the
gSOFA score.*6

Limitations

This study had some limitations. The update to our previous
search, which we used to identify existing paramedic screening
strategies, was not systematic and was limited by the use of only
1 reviewer and restriction of the search to English articles pub-
lished in peer-reviewed journals.
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Figure 2: Comparison of the predicted probability of a diagnosis of sepsis according to 14 numeric scores for patients with infection diagnosed in the
emergency department. Note: The x axis was scaled from minimum to maximum for each score to allow for comparison of scores with a different num-
ber of points. Broken lines indicate scores with more than 5 possible points. The dot on each line represents the recommended threshold score for a
diagnosis of sepsis (if available). BAS = Blood Pressure Andningsfrekvens (“respiratory rate” in Swedish) Saturation, Borrelli = Borrelli et al.,” CIP = Crit-
ical Illness Prediction score, HEWS = Hamilton Early Warning Score, MEWS = Modified Early Warning Score, NEWS = National Early Warning Score,
PreSAT = Prehospital Sepsis Assessment Tool, PRESEP = Prehospital Early Sepsis Detection, PRESS = Prehospital Severe Sepsis, PSP = Prehospital Sepsis
Project, qSOFA = Quick Sepsis-Related Organ Failure Assessment, Robson = Robson score (originally validated by Wallgren et al.>®), SEPSIS = Screening
to Enhance Prehospital Identification of Sepsis, SIRS = Systemic Inflammatory Response Syndrome.

In the absence of a gold standard for sepsis diagnosis, we
adopted a validated approach that aligns with the most recent
consensus definition.’ Previous studies have found consistent

undercoding of sepsis when administrative databases are used;*®
in our study, such undercoding of sepsis would result in missed
cases and more conservative estimates of predictive ability overall.
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Our use of patient measures to identify patients with organ dys-
function due to sepsis might have introduced some incorporation
bias into the assessment of screening strategies that used these
same measures to diagnose sepsis. However, our use of the strat-
egy results rather than the individual measures would have
reduced this bias; there was no direct incorporation of the meas-
ures into the model as predictors. We considered that this
approach was superior to the alternative of excluding patients with
clinically important organ dysfunction from the sepsis outcome
classification due to the consistent undercoding discussed above.

A delay occurs between paramedic assessments and deter-
mination of sepsis in the emergency department. Sepsis is a syn-
drome that may progress during this period, and screening strat-
egies that paramedics apply at initial assessment may not
correctly identify patients whose condition will continue to worsen
and in whom sepsis is subsequently diagnosed by emergency
physicians. This limitation could decrease the apparent accuracy
of the prehospital screening strategies for use by paramedics.

We did not have access to information about the location
from which patients were transferred; this information might
have helped us to identify populations at higher risk (e.g., nurs-
ing home residents).

In our sensitivity analysis, the rate of identification of infec-
tions by paramedics was low. The application of the screening
strategies for detecting sepsis depends on recognition of infec-
tions; therefore, paramedics should be trained to improve infec-
tion recognition in the prehospital setting.

Conclusion

Validation of the predictive ability of available screening strat-
egies for possible sepsis in the prehospital setting showed that
certain scores identified patients with both low and high prob-
ability for sepsis diagnosis, despite poor sensitivity or specificity
at recommended thresholds. The CIP, NEWS and qSOFA scores
each identified patients with low probability of sepsis at low
scores and high probability of sepsis at high scores. The qSOFA
score is the simplest of these to calculate and should be con-
sidered for use by paramedics.
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