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ABSTRACT
Objectives  To estimate the potential referral rate and cost 
impact at different cut-off points of a recently developed 
sepsis prediction model for general practitioners (GPs).
Design  Prospective observational study with decision tree 
modelling.
Setting  Four out-of-hours GP services in the Netherlands.
Participants  357 acutely ill adult patients assessed 
during home visits.
Primary and secondary outcome measures  The 
primary outcome is the cost per patient from a healthcare 
perspective in four scenarios based on different cut-off 
points for referral of the sepsis prediction model. Second, 
the number of hospital referrals for the different scenarios 
is estimated. The potential impact of referral of patients 
with sepsis on mortality and hospital admission was 
estimated by an expert panel. Using these study data, 
a decision tree with a time horizon of 1 month was built 
to estimate the referral rate and cost impact in case the 
model would be implemented.
Results  Referral rates at a low cut-off (score 2 or 3 on 
a scale from 0 to 6) of the prediction model were higher 
than observed for patients with sepsis (99% and 91%, 
respectively, compared with 88% observed). However, 
referral was also substantially higher for patients who did 
not need hospital assessment. As a consequence, cost-
savings due to referral of patients with sepsis were offset 
by increased costs due to unnecessary referral for all cut-
offs of the prediction model.
Conclusions  Guidance for referral of adult patients with 
suspected sepsis in the primary care setting using any 
cut-off point of the sepsis prediction model is not likely 
to save costs. The model should only be incorporated in 
sepsis guidelines for GPs if improvement of care can be 
demonstrated in an implementation study.
Trial registration number  Dutch Trial Register (NTR 
7026).

INTRODUCTION
Sepsis is a life-threatening complication from 
infection with high mortality and morbidity. 
The global incidence of sepsis is estimated 

at 48 million cases per year, resulting in 
11 million deaths.1 For the Netherlands, the 
same study estimated about 59 000 cases and 
9400 deaths annually. Hospital-related costs 
of sepsis are high, estimated between €1101 
and €91 951 per patient in different countries 
and accounting for an average of 2.65% of 
the total healthcare budget.2 These reported 
healthcare costs of sepsis are affected by dura-
tion of follow-up of healthcare use, included 
cost components, (study) region, population 
size and sepsis severity studied.

Early identification of sepsis is one of the key 
factors to improve outcome.3–5 In the hospital 
setting, protocolised care for patients with 
suspected sepsis is increasingly implemented 
to reduce time to adequate treatment. Not all 
sepsis-related mortality can be prevented with 
optimal hospital treatment, for example, due 
to serious underlying conditions.6 7 However, 
the simple intervention of rapid intravenous 
broad-spectrum antibiotics is the most effec-
tive treatment of sepsis.4 8 Therefore, early 
recognition of emerging sepsis and timely 
referral of patients with sepsis to the hospital 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The prospective data collection resulted in few 
missing data for the calculation of the sepsis pre-
diction scores and costs.

	⇒ The early economic analysis is enriched with ob-
servational study data and a detailed form of expert 
panel assessment. However, the early nature of the 
analyses limits the accuracy of the impact on costs 
for patients with referral states that differ from the 
observed state during the study.

	⇒ The Hawthorne effect may have biased the results 
as the general practitioners enrolled patients pro-
spectively in a sepsis study.

 on M
arch 18, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-071598 on 17 January 2024. D

ow
nloaded from

 
 on M

arch 18, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-071598 on 17 January 2024. D
ow

nloaded from
 

 on M
arch 18, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-071598 on 17 January 2024. D

ow
nloaded from

 
 on M

arch 18, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-071598 on 17 January 2024. D
ow

nloaded from
 

 on M
arch 18, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-071598 on 17 January 2024. D

ow
nloaded from

 
 on M

arch 18, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-071598 on 17 January 2024. D
ow

nloaded from
 

 on M
arch 18, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-071598 on 17 January 2024. D

ow
nloaded from

 
 on M

arch 18, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-071598 on 17 January 2024. D
ow

nloaded from
 

 on M
arch 18, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-071598 on 17 January 2024. D

ow
nloaded from

 
 on M

arch 18, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-071598 on 17 January 2024. D
ow

nloaded from
 

 on M
arch 18, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-071598 on 17 January 2024. D

ow
nloaded from

 

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-4984-0484
http://orcid.org/0000-0002-2700-4752
http://orcid.org/0000-0003-1621-7848
http://orcid.org/0000-0002-4110-5242
http://dx.doi.org/10.1136/bmjopen-2023-071598
http://dx.doi.org/10.1136/bmjopen-2023-071598
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2023-071598&domain=pdf&date_stamp=2024-01-16
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/


2 Loots FJ, et al. BMJ Open 2024;14:e071598. doi:10.1136/bmjopen-2023-071598

Open access�

are essential to facilitate this.9 10 However, the current 
prehospital recognition of sepsis is suboptimal.11–14

Recognition of sepsis can potentially be improved by 
a clinical prediction model consisting of vital signs and 
other readily available clinical information. Our research 
group recently showed a simple diagnostic sepsis model 
enables general practitioners (GPs) to estimate the risk 
of sepsis in adult patients immediately at the bedside.15 
Ideally, all patients with sepsis are referred to the hospital 
after GP assessment. However, such a strategy aiming not 
to miss cases of sepsis will also lead to more unnecessary 
hospital referrals and can potentially increase medical 
costs. The primary aim of this study was to assess the 
potential impact on the rate of referral and subsequent 
costs at different cut-off levels of the prediction model 
in the primary care setting in a so-called early economic 
evaluation. Second, we assessed room for improvement in 
costs if referral decisions would have been perfect.

METHODS
We performed the analyses using data of a cohort of 357 
patients included in a previously described observational 
diagnostic study.15 16 As the clinical effect of using the 
prediction model is not studied yet, these data were used 
as input for a decision tree to perform an early economic 
evaluation. The analyses were performed from a third-
party payer/healthcare perspective with a time horizon 
of 1 month. Due to the short time horizon, discounting 
was deemed unnecessary.

The primary outcome of this study was the estima-
tion of the potential impact of the prediction model on 
referral rates, mortality and costs; the secondary outcome 
was to estimate the ‘room for improvement’, calculated 
as the maximum reduction in costs and mortality in case 
patients are referred according to their need for hospital 
assessment. To be able to estimate this impact, we esti-
mated the observed resource use in patients, grouped 
by their necessity of hospital assessment and final diag-
nosis category and the impact of referral on mortality and 
healthcare costs of patients with sepsis.

Utility loss was also measured but not taken into account 
in the modelling of different scenarios for referral, as it 
was not deemed possible to accurately estimate utility loss 
of alternative scenarios.

Study population
In the TeSD-IT Study, 357 patients were included during 
out-of-hours home visits by GPs at four GP cooperatives in 
the Netherlands. Out-of-hours primary care is provided 
by 51 organisations of GP cooperatives, each of which has 
50–250 GPs who provide care to 100 000–500 000 citizens. 
The cooperatives serve 99% of the Dutch population and 
are available outside business hours.17 All acutely ill, adult 
patients ≥18 years with fever, confusion or general deteri-
oration or otherwise suspected of a serious infection were 
eligible for inclusion. We excluded patients if one or more 
of the following criteria were present: (1) non-infectious 

cause of the acute complaints (eg, stroke or myocar-
dial infarction); (2) hospitalisation within 7 days before 
the home visit; (3) condition that requires secondary 
care assessment if there are any signs of systemic infec-
tion (eg, chemotherapy with possible neutropenia); (4) 
terminal illness or other reasons not to refer the patient 
to a hospital despite presence of a life-threatening condi-
tion. All patients (or their legal representatives in case 
of mental incapacitation) provided informed consent. 
Other details of the methods of this study were published 
previously.15 Candidate predictors for the decision model 
were collected prospectively by the GPs who included the 
patients. Sepsis diagnosis and need for hospital assess-
ment of patients (regardless of the final diagnosis) were 
judged by three expert panels. Each panel consisted of 
one GP, one emergency physician and one intensivist/
acute care internist. The final diagnosis ‘sepsis within 72 
hours of inclusion’ was established by the expert panels 
based on relevant medical health records. Besides the 
presence of sepsis, the panellists also scored the need for 
hospital treatment on a scale of 0–10; a mean score above 
5 defined the need for hospital assessment.

Previously developed sepsis prediction model
The developed prediction model consisted of six dichot-
omous variables, each accounting for 1 point when 
present: age >65 years; temperature >38°C; systolic blood 
pressure ≤110 mm Hg; heart rate >110/min; saturation 
≤95%; altered mental status. The total score ranges from 
0 to 6 points. This model showed a C-statistic of 0.80 for 
the prediction of the outcome ‘sepsis within 72 hours’ 
according to the Sepsis-3 definition.18

Decision tree
A decision tree was developed to estimate the impact 
of a change in referral due to the prediction model on 
resource use (figure 1). The decision tree has branches 
for the need of hospital assessment, final diagnosis (sepsis, 
infection without sepsis or no infection) and for patients 
who were referred or not referred. Referral refers to the 
GP referring the patient directly to the hospital after 
the initial assessment during a home visit (usually by 
ambulance). Some patients were referred to the hospital 
after initial treatment at home; this indirect referral was 
labelled as not referred. The implementation of the 
prediction model was modelled by adjusting the proba-
bility to be referred in each branch. Costs as observed in 
the trial were used to estimate the costs of each branch. 
The costs of being in a branch were the same, but the total 
costs of all the branches were influenced by the differing 
probability. Because referral was not randomised and the 
probability for referral can be influenced by patient mix 
and severity of disease, an exception was made for the 
branch for patients with sepsis needing hospital assess-
ment, as is described in section ‘Expert opinion impact 
of referral patients with sepsis’. For patients needing 
hospital assessment for other infections or other causes 
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(without infection), we assumed that referral did not 
influence their hospital costs.

Input parameters
Probabilities
The proportion of patients who required hospital assess-
ment, and the proportion who had sepsis, infection 
without sepsis or no infection were used as probabilities 
in the decision tree (table 1).

Costs
Healthcare costs were estimated for different groups of 
patients, divided by their need of hospital assessment, 
final diagnosis (sepsis, infection without sepsis or no 
infection) and whether or not they were referred.

After 30 days, patients were sent a healthcare consump-
tion questionnaire (Institute for Medical Technology 
Assessment Medical Consumption Questionnaire)19 to 
report health-related costs for home care and family care 
in the previous 30 days. Furthermore, data on the number 
of consultations, rehabilitation or nursery homes were 
retrieved retrospectively from the patients’ own GP. In 
addition, all hospital procedures were collected from the 
hospital registries. Total costs were calculated by multi-
plying the procedures with unit costs from the Dutch 
Healthcare Authority or the Dutch costing manual.20 For 
10 patients, hospital registry data were missing because 
they were referred to a hospital outside the region. 
However, intensive care unit (ICU) and ward admission 
days were known in the case report form. Average hospital 
costs per admission days of other patients were used 

to impute other hospital procedures in these patients. 
Multiple imputation was performed with Multiple Impu-
tation by Chained Equations (MICE) for missing data on 
home care and family care creating 40 imputed datasets 
since 34.4% of responses were missing. The variables 
age, sex, all other variables included in the sepsis model, 
medication use, variables related to medical history and 
hospital costs were used as predictors.

Impact of referral on mortality and costs of patients with sepsis
The timing of referral in patients with sepsis is likely to influ-
ence hospital costs. However, due to the observational study 
design, observed costs in referred and not referred patients 
likely reflect a difference in patient mix and severity of disease 
at the moment of consultation instead of impact of timing in 
referral. Therefore, a comprehensive form of expert panel 
opinion was used to assess the impact of referral on costs and 
mortality for the patients diagnosed with sepsis. This panel 
consisted of one GP, one emergency physician and one inten-
sivist. The panel was given medical information of patients in 
the trial and their observed admission days, ICU admission and 
whether or not they died. Using this information, the panel 
experts gave, each individually, their estimate on the hospital 
duration, ICU admission duration and probability of death 
in each case presented if they would change from ‘hospital 
referral’ to ‘no referral’ or vice versa of each case. Based on 
the score of the new sepsis model, the referral advice for 44 
patients who were referred and for 16 patients who were not 
referred could change in the different modelled scenarios. 
Each expert was presented (1) 16 cases of patients who were 

Figure 1  Structure of the branches and corresponding probabilities of the decision tree.
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not referred but eventually needed sepsis treatment in the 
hospital and (2) 9 cases of patients who were referred to the 
hospital. The estimations in admission days and ICU admis-
sion duration in the new situation of cases were the average 
of the answers of the panel. Referred patients are assumed to 
be transported by ambulance in all scenarios, as this was also 
observed in the vast majority of referrals during the TeSD-IT 
Study. Details on selection of the patients presented to the 
expert panel and questions answered by the panel can be 
found in the online supplemental methods.

Measurement of quality of life
In the follow-up questionnaire at 30 days, patients were 
asked to fill in the EQ-5D-3L for three different moments: 
(1) for the situation before start of the acute complaints 
(T0); (2) for the situation when the patient was most 
severely ill during the 30-day follow-up period (T1); (3) 
at the end of the 30-day follow-up (T2). For patients 
who died before the end of follow-up, utility at T2 was 
assumed to be 0. Other missing data for utilities were 
imputed using MICE. The handling of inconsistencies in 
the reported utilities and the calculation of the utility loss 
are described in the online supplemental methods.

Patient and public involvement
A patient representative was part of the study group, and 
was involved in the study design, analyses and interpreta-
tion of the results.

Analysis
Room for improvement analysis
To estimate the maximum costs that could be saved, a 
room for improvement analysis was performed. In this 
analysis, we assumed that none of the patients without a 
need for hospital assessment would have been referred, 
while all patients with sepsis with a need for hospital 
assessment would have been referred.

Impact of prediction model on referral rates and costs
The costs and effects of current care were compared with 
scenarios in which referral corresponded with the score 
of the prediction model. The four scenarios differed in 
the cut-off of the score of the model: (1) a cut-off score 
of 2 (no referral at a score <2 and referral at ≥2), (2) a 
cut-off score of 3, (3) a cut-off score of 4, and (4) a mixed 
scenario: patients below a score of 2 were not referred, 
while patients with a score of 4 or higher were referred. 
In case of a score of 2 or 3, referral remained unchanged. 
For each scenario, the costs of all branches were summed 
and compared with each other.

Sensitivity analysis
To estimate the uncertainty around the outcome, we 
performed deterministic and probabilistic sensitivity 
analyses. Uncertainty ranges of costs for the branches 
with more than 30 patients were estimated with boot-
strapping and were assumed to be normally distributed, 
while ranges of costs for the branches with less than 30 

Table 1  Observed healthcare costs in the TeSD-IT Study of referred and non-referred patients, divided by diagnosis and need 
for hospital treatment

Costs

Ambulance Hospital GP
Nursing 
home

Home care & 
family care Total

Hospital assessment necessary

 � Sepsis (n=136) Referred (n=120) €613 €6950 €44 €239 €1453 €9298

Not referred (n=16) €0 €7488 €57 €460 €1682 €9687

 � Other infections (n=51) Referred (n=45) €613 €4937 €35 €153 €1558 €7297

Not referred (n=6) €0 €6272 €25 €0 €894 €7191

 � No infection (n=12) Referred (n=10) €613 €7938 €27 €2899 €1660 €13 137

Not referred (n=2) €0 €6969 €34 €0 €977 €7980

Hospital assessment not necessary

 � Sepsis (n=15) Referred (n=2) €613 €1326 €17 €0 €559 €2515

Not referred (n=13) €0 €161 €51 €0 €1160 €1373

 � Other infections 
(n=126)*

Referred (n=12) €613 €3081 €29 €0 €1115 €4838

Not referred (n=113) €0 €359 €73 €37 €911 €1379

 � No infection (n=17) Referred (n=10) €613 €2913 €80 €299 €2304 €6209

Not referred (n=7) €0 €875 €59 €0 €1096 €2029

*For one patient the referral status was missing 

GP, general practitioner.

 on M
arch 18, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-071598 on 17 January 2024. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2023-071598
https://dx.doi.org/10.1136/bmjopen-2023-071598
http://bmjopen.bmj.com/


5Loots FJ, et al. BMJ Open 2024;14:e071598. doi:10.1136/bmjopen-2023-071598

Open access

patients were assumed to range from the cheapest to the 
most expensive patient with a gamma distribution. Prob-
abilistic sensitivity analysis was performed with 1000 runs 
on the most positive scenario of the prediction model 
compared with current care. The outcome of these runs 
was displayed in violin plots.

RESULTS
The impact of referral and final diagnosis on resource use
Resource use collected during the study
Table  1 shows the healthcare costs in the trial for all 
groups divided by their need of hospital assessment, 
final diagnosis and whether or not they were referred. 
As mentioned in the Methods section, only costs of the 
patients in whom hospital assessment was not necessary 
were completely used in the calculation of the impact of 
the prediction model.

Costs of patients in whom hospital assessment was not 
necessary were higher for referred patients compared 
with not referred patients. This increase was due to ambu-
lance and hospital costs. Referral led to an increase in 
total costs from €1373 to €2515 in patients with sepsis, 
€1379 to €4838 in patients with infection without sepsis 
and from €2029 to €6209 in patients without infection.

Costs of patients in whom hospital assessment was 
necessary consisted primarily of hospital costs (€4937–
7938 over the different groups), while family and home 
care added less to the total costs. In patients with sepsis 
in whom hospital assessment was necessary, the observed 
costs of the referred patients were lower with €9298 
compared with €9687 in not referred patients. In patients 
without sepsis, costs were higher in the referred patients. 
To estimate the impact of referral on costs of patients with 
sepsis, these observed costs were not used, but instead 
expert opinion outcomes were used. The minimum and 
maximum values as used in the deterministic and proba-
bilistic sensitivity analyses for all scenarios can be found in 
online supplemental table 1.

Expert opinion outcomes
All expert opinion results and agreements are shown in 
the online supplemental table 2. The experts expected 
that an increase of 38% in hospital days in the observed 
referred cases with a standard disease pattern (did not 
die, had an ICU admission or rare complication) should 
these patients not have been referred. Expert opinion in 
these four cases differed from a decrease of 2% (due to 
an expected early death) to an increase of 89%. Of the 
three cases that were not referred and did not die nor 
were admitted to the ICU, a decrease in hospital days of 
25% was assumed by the experts if they would have been 
referred at time of inclusion, differing from a decrease of 
48% to an increase of 27% between experts. The expert 
panel assessed two patients with sepsis who were not 
referred and died within 30 days, but none of the experts 
expected death could have been prevented by referral. 
Corresponding mortality and hospital costs at different 

cut-offs of the prediction model are shown in the online 
supplemental tables 3 and 4.

Room for improvement analysis
Hospital assessment was deemed necessary in 136 patients 
with sepsis in the primary study. A total of €53 796 could 
have been saved in case all these patients would have 
been referred according to the expert panel judgement, 
corresponding to €396 per patient with sepsis. If all 158 
patients for whom hospital assessment was not necessary 
would not have been referred to the hospital, this could 
have saved €84 086. In total, perfect referral could save 
€137 882 out of €1 583 732 in these 357 patients (mean 
€386).

Impact of prediction model on referral rates and costs
Observed referral of patients who needed hospital assess-
ment was 88% for patients with sepsis (120 of 136) and 
15% for patients who did not need hospital assessment 
(see online supplemental table 5). Referral rates at a low 
cut-off (2 or 3) of the prediction model were higher for 
patients with sepsis (99% and 91%, respectively). However, 
referral was also substantially higher for patients who did 
not need hospital assessment. At a high cut-off score of 
4, referral rates for patients who did not need hospital 
assessment were still higher than the observed referral 
rate, while at the same time referral in patients with sepsis 
who needed hospital assessment was lower (60%).

In the mixed scenario, where referral was based on the 
prediction model below a score of 2 and equal to or above 
a score of 4 and partly on the GP’s opinion (referral as 
observed if score was 2 or 3), referral of patients with sepsis 
in whom hospital assessment was necessary increased 
to 91%. However, referral of patients in which hospital 
assessment was not necessary was also increased to 26%.

The decision tree analysis shows that the observed prob-
abilities of referral led to the lowest costs with average 
patient costs of €5890. The average costs of referral 
based on the prediction model ranged between €5954 
and €6742 (table 2). At higher prediction model cut-offs 
(scores 3 and 4), sepsis mortality will increase according 
to the expert opinion analysis. At a cut-off of 2 and the 
mixed scenario, a benefit in costs of increased referral 
of patients with sepsis is offset by the increased costs 
of unnecessary referral. However, the mixed scenario 
had the lowest costs of the prediction model scenarios 
resulting in mean costs of €5954 per patient.

Sensitivity analyses
In a one-way sensitivity analysis, the costs of all different 
patient groups were varied using both bootstrapped SDs 
and mean costs (from a minimum of 2 SDs below and 
above the bootstrapped mean costs). The impact was 
greatest for patients with sepsis who were not previously 
referred and for the costs of patients who did not need 
hospital treatment and had an infection without sepsis 
(figure  2). This is mainly because the modelled uncer-
tainty was also the largest in these parameters. With 
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maximum costs of €16 614 instead of €9697 per patient, 
referral of sepsis saves more costs even leading to cost-
savings of the prediction model in these extreme assump-
tions. If the costs of patients who did not need hospital 
treatment and had an infection without sepsis only added 
an ambulance ride and emergency department visit (and 
no hospital days), referral based on the prediction model 
could save €23 compared with usual care. In the proba-
bilistic sensitivity analyses, costs for the prediction model 
were higher than usual care in 83% of the runs (figure 3).

Utility loss
We observed a median utility at baseline of 0.78 (IQR 
0.59–0.89) in the total population and 0.74 (IQR 
0.54–0.86) for patients with sepsis who required 
hospital treatment. Mean utility loss in the first month 
was 0.36 for these patients, compared with 0.34 in the 

total population. More detailed results of the utility 
loss can be found in the online supplemental table 6 
and online supplemental figure 1.

DISCUSSION
In this early economic evaluation, we estimated the 
potential rate of referral and cost impact of the imple-
mentation of a new clinical prediction model for adult 
patients with possible sepsis in the primary care setting. 
We saw that, when using the model, cost-savings due to 
referral of patients with sepsis were offset by increased 
costs due to unnecessary referral for all cut-offs of the 
prediction model. With ‘perfect’ referral, it is estimated 
that €137 882 could be saved in the 357 study patients.

It was expected that referral of patients with sepsis previ-
ously not referred would have large beneficial effects. 

Table 2  The total percentage of patients referred, sepsis mortality as estimated with expert opinion and healthcare costs as 
observed and as modelled using expert opinion at the different prediction model cut-offs

Observed

According to prediction model Cut-off 2–4 
according to GPCut-off 2 Cut-off 3 Cut-off 4

% referred sepsis cases* 88% 99% 91% 60% 91%

% referred without necessity 
for hospital assessment

15% 85% 56% 15% 26%

Sepsis mortality cases 9 9 12 18 9

Cost for sepsis cases† €1 270 760 €1 222 325 €1 229 761 €1 347 172 €1 251 438

Cost for patient without 
necessity for hospital 
assessment

€312 972 €665 885 €505 075 €293 107 €355 442

Total costs €1 583 732 €1 888 210 €1 734 836 €1 640 280 €1 606 880

Total cost per patient† €5890 €6742 €6313 €6048 €5954

*With necessity for hospital assessment.
†Including patient with necessity for hospital assessment without sepsis.
GP, general practitioner.

Figure 2  Plots of one-way sensitivity analysis; costs for health states were varied independently, and the cost difference, by 
using the prediction model, is compared with usual care.
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However, during expert opinion, 16 of these patients 
were judged and the impact on hospitalisation the experts 
gave was smaller than expected. In addition, the impact 
of referral of patients who did not need hospital assess-
ment on costs was larger than expected. The one-way 
sensitivity analyses showed that if these costs would only 
compromise an ambulance ride and emergency depart-
ment visit, costs of the prediction model and usual care 
would almost be equal. Together, these costs are crucial 
for the conclusion of the analysis and should be studied 
in a randomised setting.

Comparison with literature
Several cost-effectiveness analyses on sepsis prediction 
models or diagnostics at a hospital level exist,21–23 but 
we were not able to find other cost-effectiveness anal-
yses of sepsis prediction models in general practice. 
However, evaluations of prediction models for other 
acute medical conditions in the primary care setting 
do exist. A cost-utility analyses of point-of-care troponin 
testing in patients consulting a GP with chest pain showed 
a decreased referral rate and cost-savings of €77.25 per 
patient.24 A cost-effectiveness analysis of a new strategy to 
rule out deep vein thrombosis in the primary care setting 
in the Netherlands showed that €138 per patients could 
be saved at the expense of a very small health loss (0.002 
quality-adjusted life-years (QALYs)25). In both studies, the 
new strategies could safely reduce the number of referrals 
and decrease hospital costs. In our study population, the 
proportion of unnecessary referrals is substantially lower, 
making it more difficult to save costs by decreasing the 
total number of referrals.

Strengths and limitations
The aim of the study was to perform an early economic 
evaluation, which is in line with the observational design 
of the study. Inherently related to the phase of the eval-
uation, results are less precise than in a full economic 
evaluation, for instance, due to the lack of observed data 
on performance of the prediction model in practice, the 
impact of referral on sepsis costs and the limited number 
of patients in the observational cohort. In addition, using 
this observational design as input for the decision tree did 
result in another two challenges. First, the probability of 
referral when implementing the sepsis prediction model 
was based on a hypothetical scenario that could have 
been different from the actual management of the GP 
during the study. Second, costs of patients without need 
for hospital assessment might also not be interchange-
able between the referred and not referred patients. For 
instance, a more frail patient could have a higher prob-
ability to be (unnecessarily) referred, but this might also 
result in other additional resource use that might be 
omitted if a younger vital patient would be (unneces-
sarily) referred.

A strength of our study is that costs from different 
sources were used to gain a broad oversight on different 
cost components. The necessity to use expert opinion 
could be seen as either a strength or a limitation. 
Compared with literature data aligning with our popula-
tion or prospective data on the impact in a clinical trial, it 
is a limitation. However, these limitations are also in corre-
spondence with the early nature of the economic evalua-
tion. Therefore, the extensive set-up, including individual 
detailed patient cases to evaluate the potential impact of 
referral on patients with sepsis instead of using observed 
data that could be prone to bias due to the observational 
design of the study could then be seen as a strength. In 
the observed data, a smaller than expected cost differ-
ence was seen between referred and not referred patients 
of approximately €400, which we partly allocate to bias. 
For instance, referred patients could differ in severity 
of illness and fragility from patients who also needed 
hospital assessment but were not referred. As the impact 
referral of sepsis was higher in the expert panel, the 
cost-saving due to sepsis referral would have been lower 
when using the observed data and therefore total cost 
increases even larger. However, cost-savings due to sepsis 
referral could also still have been underestimated with 
use of the expert panel. Because the impact of referral 
is also not known in literature, our expert opinion was 
the most accurate estimation to our opinion but could 
have biased results towards the observed management. 
For example, intravenous antibiotics are appropriate in 
case of positive blood cultures, but blood cultures were 
only obtained in referred patients. Possibly, some patients 
who were successfully treated at home with oral antibi-
otics would have shown positive blood cultures if they 
had been collected. Another limitation is the possibility 
that GPs were biased by the Hawthorne effect. The added 
value of the model to usual care could be greater than 

Figure 3  Violin plot of probabilistic sensitivity analysis; 
differences in costs of 1000 runs of implementation of 
the prediction model costs for health states were varied 
independently, and the cost difference, by using the 
prediction model, is compared with usual care.
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observed during the study, as the study protocol required 
the measurement of all vital signs and the GPs always 
considered the diagnosis sepsis in patients included in 
the study.

Implication for research and clinical practice
As we showed, a reduction in costs is not likely if GPs 
use only the prediction model to refer patients to the 
hospital; more research is needed into the effects of our 
model in routine care comparing with a usual care group 
in which measurements are up to the GP to perform. As 
explained in the previous paragraph, beneficial effects of 
the model may have been underestimated in this study. 
Also, a reduction in costs is not a precondition for a 
new intervention, but additional costs per QALY gained 
should be acceptable. To measure the effects more accu-
rately on health outcomes and costs, a large prospective 
randomised trial should be performed, in which the 
effects of the new sepsis model are evaluated in practice. 
Given the results of the current study, it can be concluded 
that the discrimination of our new sepsis score is not suffi-
cient to replace the clinical judgement of the GP based 
on the results of this early economic evaluation. There-
fore, we do not propose for GPs to use strict cut-off points 
of the model to decide to refer a patient, but rather to use 
the score to estimate the risk of sepsis and incorporate 
this information in their overall judgement.

In conclusion, guidance for referral of adult patients 
with suspected sepsis in the primary care setting using any 
cut-off point of the sepsis prediction model is not likely 
to save costs. The model should only be incorporated in 
sepsis guidelines for GPs if improvement of care can be 
demonstrated in an implementation study.
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Supplement 

Supplemental Methods 

Details on expert panel review for the estimation of the effect on costs and 
mortality of the sepsis prediction model  

Selection of patients presented to the expert panel 

The experts were presented 1) 16 cases of patients who were not referred but eventually needed 
sepsis treatment in the hospital and 2) 9 cases of patients who were referred to the hospital. All 
patients who died, were admitted to the ICU or had a deviant disease pattern were included. For 
example, all patients with an uncommon source of infection (e.g. endocarditis) or who needed 
invasive procedures were assessed by the expert panel. Of the other patients, cases were 
selected based on representative age and length of hospital stay, and results were extrapolated 
to similar patients. For patients who were initially not referred, but were referred to the hospital 
shortly after the index contact and did not need ICU treatment, no change in outcome was 
assumed. This was also assumed for patients who were referred, but who were only treated with 
oral antibiotics in the hospital with an uncomplicated course. 

Information provided to the expert panel 

The panelists were provided with all relevant medical information form the GP and hospital of 
the first 30 days after inclusion. This included: 

- The medical record from the GP cooperative at inclusion in the TeSD-IT study
- Medical records from the patients own GP and GP cooperative during the first 30 days

after inclusion.
- Discharge letters from ED and hospital admission from the first 30 days after inclusion.
- Vital signs and relevant laboratory values from the first 72 hours after inclusion.
- Radiological and microbiological results obtain in the first 7 days after inclusion.
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Questions answered by expert panel 

For patients who were in reality referred to the hospital during the TeSD-IT study and did NOT 
die, the follow questions were answered for the hypothetical scenario the patient would NOT 
have been referred: 

1. Within how many days would you expect the patient to be admitted to the hospital?
2. How many days do you expect the patient would have been admitted?
3. Do you the expect the patient would have been admitted to the ICU? If so, how many

days do you expect this ICU admission would have been?
4. Do you expect the patient would have survived? If not, after how many days do you

expect the patient would have died?
5. Do you have any additional comments about this case?

For patients who were in reality directly referred to the hospital during the TeSD-IT study and 
died, the follow questions were answered for the hypothetical scenario the patient would NOT 
have been referred: 

1. Do you expect moment of death would have been different? If so, after how many days
do you expect the patient would have died?

2. Do you expect the patient would have been admitted to the hospital? If so, how many
days do you expect the patient would have been admitted?

3. Do you the expect the patient would have been admitted to the ICU? If so, how many
days do you expect this ICU admission would have been?

4. Do you have any additional comments about this case?

For patients who were in reality were NOT directly referred to the hospital during the TeSD-IT 
study and did NOT die, the follow questions were answered for the hypothetical scenario the 
patient would have been referred: 

1. Do you expect the patient would have been admitted to the hospital?
2. For how many days do you expect the patient would have been admitted?
3. Do you have any additional comments about this case?

For patients who were in reality were NOT directly referred to the hospital during the TeSD-IT 
study and died, the follow questions were answered for the hypothetical scenario the patient 
would have been referred: 

1. Do you expect the patient would have died? If so, after how many days do you expect
the patient would have died?
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2. Do you expect the patient would have been admitted to the hospital? If so, for how
many days do you expect the patient would have been admitted?

3. Do you the expect the patient would have been admitted to the ICU? If so, how many
days do you expect this ICU admission would have been?

4. Do you have any additional comments about this case?

Corrections of inconsistencies in EQ-5D-5L scores. 

Patients were asked to fill in the EQ-5D-5L for three different moments in time: 1) Before onset 
of the acute complaints (T0); 2) At the time  patients were most severely ill during the last 30 
days (T1), and 3) At the time the questionnaire was filled in (30-days after inclusion) (T2). Utility 
loss was calculated for one month by subtracting the area under the curve during this month 
from the baseline value for one month. Corrections were made for errors of patients in the time 
points: T0 was corrected to the highest value as filled in, T1 was recoded if T0 was lower than T1. 
T2 was never corrected. 
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Table S1. Observed healthcare costs in the TeSD-IT study of referred and non-referred patients, 

divided by diagnosis and need for hospital treatment. 

Costs 

Ambulance Hospital GP Nursing 
home 

Home 
care & 
family 
care 

Total Min* Max* 

Hospital assessment 
necessary 

Sepsis 
(n=136) 

Referred 
(n=120) 

€ 613 € 6,950 € 44 € 239 € 1,453 € 9,298 € 8,097 € 10,500 

Not referred 
(n=16) 

€ 0 € 7,488 € 57 € 460 € 1,682 € 9,687 € 2,760 € 16,614 

Other 
infection 
(n=51) 

Referred 
(n=45) 

€ 613 € 4,937 € 35 € 153 € 1,558 €  7,297 na na 

Not referred 
(n= 6) 

€ 0 € 6,272 € 25 € 0 € 894 € 7,191 na na 

No infection 
(n=12) 

Referred 
(n= 10) 

€ 613 € 7,938 € 27 €2,899 € 1,660 € 13,137 na na 

Not referred 
(n= 2) 

€ 0 € 6,969 € 34 € 0 € 977 € 7,980 na na 

Hospital assessment 
not necessary 

Sepsis 
(n=15) 

Referred 
(n=2) 

€ 613 € 1,326 € 17 € 0 € 559 € 2,515 € 1,557 € 6,050 

Not referred 
(n=13) 

€ 0 € 161 € 51 € 0 € 1,160 € 1,373 € 277 € 2,468 

Other 
infection 
(n=126)** 

Referred 
(n=12) 

€ 613 € 3,081 € 29 € 0 € 1,115 € 4,838 € 2,492 € 7,184 

Not referred 
(n=113) 

€ 0 € 359 € 73 € 37  € 911 € 1,379 € 1,007 € 1,752 

No infection 
(n=17) 

Referred 
(n=10) 

€ 613 €2,913 € 80  € 299 € 2,304 € 6,209 € 3,628 € 8,790 

Not referred 
(n=7) 

€ 0 € 875 € 59 € 0 € 1,096 € 2,029 € 363 € 3,695 

* Minimum and maximum values as used in the deterministic and probabilistic sensitivity analyses.
** For one patient the referral status was missing.
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Table S2. Results of the expert panel judgements. 

Patients currently not referred 

Observed values Expert estimates if referred 

Died 
Admission 
days 

IC 
days Died Admission days IC days 

Case 
Expert 
1 

Expert 
2 

Expert 
3 

Expert 
1 

Expert 
2 

Expert 
3 

Expert 
1 

Expert 
2 

Expert 
3 

1 no 12 3 no no no 5 10 7 0 0 0 
2 no 15 0 no no no 3 2 15 0 0 0 
3 no 29 11 no no no 29 7 29 11 0 11 
4 no 3 0 no no no 3 8 3 0 0 0 
5 yes 10 0 yes yes yes 21 11 10 0 0 0 
6 no 8 3 no no no 10 5 5 0 0 0 
7 no 5 0 no no no 5 5 5 0 0 0 
8 no 5 0 no no no 2 5 5 0 0 0 
9 yes 0 0 yes yes yes 8 5 5 0 0 0 
Mean 2 9,67 1,89 2 2 2 9,56 6,44 9,33 1,22 0,00 1,22 

Patients currently referred 

Observed values Expert estimates if not referred 

Died 
Admission 
days 

IC 
days Died Admission days IC days 

Case 
Expert 
1 

Expert 
2 

Expert 
3 

Expert 
1 

Expert 
2 

Expert 
3 

Expert 
1 

Expert 
2 

Expert 
3 

1 yes 17 0 yes yes yes 1,5 4 2 1,5 3 0 
2 no 14 0 no yes no 21 14 14 5 14 0 
3 no 8 0 no no no 21 8 10 5 0 0 
4 no 7 0 yes yes no 2 5 0 0 4 0 
5 no 3 0 no yes no 7 2 3 0 2 0 
6 yes 13 0 yes yes yes 4 10 13 4 3 0 
7 no 3 0 no no no 7 8 5 0 0 0 
8 no 18 0 no yes no 21 5 20 4 5 0 
9 no 8 4 yes yes no 2 1 8 2 1 5 
10 yes 3 0 yes yes yes 4 3 3 0 0 0 
11 no 13 0 no no no 14 14 15 0 5 5 
12 no 10 0 no no no 18 10 10 0 0 0 
13 no 19 1 yes yes no 7 2 19 6 2 1 
14 no 18 0 yes no no 2 6 0 2 0 3 
15 no 14 0 no np np 10 10 8 0 0 0 
16 no 2 0 no no yes 5 6 1 0 0 0 
Mean 3 10,63 0,31 7 9 4 9,16 6,75 8,19 1,84 2,44 0,88 
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Table S3. Admission costs and sepsis mortality of the patients with sepsis that were referred in 
the study (observed). The estimated admission costs and sepsis mortality of the model at 
different cut-offs are a combination of observed costs (in black) and patients now not referred as 
estimated with help of expert opinion (in red).  

Prediction 
score 

Observed Estimated 
N Cut-off 2 Cut-off 3 Cut-off 4 

Mortality Admission 
costs 

Mortality Admission 
costs 

Mortality Admission 
costs 

Mortality Admission 
costs 

0 or 1 1 0 €2,428 0.0 €5,397 0.0 €5,397 0.0 €5,397 

2 8 1 €56,567 1.0 €56,567 3.6 €55,443 3.6 €55,443 

3 35 2 €205,322 2.0 €205,322 2.0 €205,322 8.1 €299,740 

4 53 4 €415,125 4.0 €415,125 4.0 €415,125 4.0 €415,125 

5 or 6 23 0 €154,499 0.0 €154,499 0.0 €154,499 0.0 €154,499 

Total 120 7 €833,941 7.0 €836,909 9.6 €835,785 15.7 €930,203 
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Table S4. Admission costs and sepsis mortality of patients with sepsis that were not referred in 
the study (observed). The estimated admission costs and sepsis mortality of the model at 
different cut-offs are a combination of observed costs (in black) and patients now referred as 
estimated with help of expert opinion (in red).  

Prediction 
score 

Observed Estimated 
N Cut-off 2 Cut-off 3 Cut-off 4 

Mortality Admission 
costs 

Mortality Admission 
costs 

Mortality Admission 
costs 

Mortality Admission 
costs 

0 or 1 0 0 €0 0 €0 0 €0 0 €0 

2 3 0 €17,621 0 €9,060 0 €17,621 0 €17,621 

3 8 0 €44,065 0 €21,072 0 €21,072 0 €44,065 

4 3 1 €53,568 1 €31,326 1 €31,326 1 €31,326 

5 or 6 2 1 €4,556 1 €4,556 1 €4,556 1 €4,556 

Total 16 2 €119,810 2 €66,014 2 €74,574 2 €97,568 

Table S5. Number of patients for whom hospitalisation was necessary or not necessary, 
subdivided in groups with sepsis, another infection or no infection and the percentages 
referred as in the trial and according to the prediction model at different cut-offs.  

Hospitalisation 
necessary 

Cause % immediate referral 
Observed According to prediction model 

cut-off 
2 

cut-off 
3 

cut-off 
4 

cut-off 
2-4

Yes (n=199) Sepsis (n=136) 88% 99% 91% 60% 91% 
Other infection (n=51) 88% 88% 63% 22% 78% 
No infection (n=12) 83% 83% 50% 8% 67% 

No (n=158) Sepsis (n=15) 13% 100% 93% 47% 60% 
Other infection (n=126) 10% 85% 56% 13% 20% 
No infection (n=17) 59% 67% 20% 0% 40% 
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Table S6. Utility of the included patients at baseline (T0), at the time of most severe 
illness (T1) and at the end of the 30 day follow-up (T2). Utility loss is calculated over 
the first 30 days. 

T0 T1 T2 Utility loss 
Hospital treatment necessary 

Sepsis 0.74 0.07 0.61 0.36 
Other infections 0.74 0.15 0.59 0.33 
No infection 0.74 0.00 0.37 0.46 

Hospital treatment not necessary 
Sepsis 0.81 0.23 0.70 0.33 
Other infections 0.81 0.21 0.74 0.30 
No infection 0.81 0.14 0.54 0.36 
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Figure S1. Plot of all individual utility scores of the patients with sepsis with need for 
hospital treatment at baseline (T0), at the time of most severe illness (T1) and at the end 
of the 30 day follow-up (T2). 
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