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Abstract

Background Early diagnosis and antibiotic therapy in patients with sepsis reduce morbidity and mortality, thus
pre-hospital management is likely to affect patient outcomes. Pre-hospital administration may increase the risk

of unnecessary use of broad-spectrum antibiotics, but identification of an infectious focus enables more targeted
antibiotic therapy. The aim of this study was to investigate how paramedics, with or without the assistance of general
practitioners, can administer empiric intravenous antibiotic treatment against sepsis in a timely manner.

Methods Cohort study of patients with suspected sepsis that received pre-hospital intravenous antibiotics and
were transported to hospital. The setting was mainly rural with long average distance to hospital. Patients received
targeted antibiotic treatment after an assessment based on clinical work-up supported by scoring systems. Patients
were prospectively included from May 2018 to August 2022. Results are presented as median or absolute values, and
chi-square tests were used to compare categorical data.

Results We included 328 patients. Median age was 76 years (IQR 64, 83) and 48.5% of patients were female. 30-days
all-cause mortality was 10.4%. In cases where a suspected infectious focus was determined, the hospital discharge
papers confirmed the pre-hospital diagnosis focus in 195 cases (79.3%). The presence of a general practitioner during
the pre-hospital assessment increased the rate of correctly identified infectious focus from 72.6% to 86.1% (p=0.009).
Concordance between pre-hospital identification of a tentative focus and discharge diagnosis was highest for lower
respiratory tract (p=0.02) and urinary tract infections (p=0.03). Antibiotic treatment was initiated 44 min (median)
after arrival of ambulance, and median transportation time to hospital was 69 min. Antibiotic therapy was started

76 min (median) before arrival at hospital.

Conclusions Pre-hospital identification of infectious focus in suspected sepsis was feasible, and collaboration with
primary care physicians increased level of diagnostic accuracy. This allowed initiation of intravenous focus-directed
antibiotics more than one hour before arrival in hospital in a rural setting. The effect of pre-hospital therapy on timing
was much stronger than in previous studies from more urban areas.
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Background

Sepsis is a life-threatening condition characterised by a
dysregulated host response to infection leading to organ
dysfunction [1]. The global burden of sepsis in 2017
included 48.9 mill. patients worldwide and 11.0 mill.
deaths, thus accounting for nearly 20% of all deaths [2].
In Norway, 246 patients/100 000/year were admitted to
hospital with diagnosed sepsis 2008—2021 [3], and the
overall age-standardised 30-day mortality was 16.9% [4].

Early diagnosis and initiation of intravenous antibi-
otic therapy reduce both morbidity and mortality [5-8].
Ambulance services can recognise sepsis and initiate
treatment early, thus the management of sepsis in the
pre-hospital setting is likely to affect patient outcomes.

Pre-hospital management strategies are dependent on
available resources and personnel, and the standard of
emergency care varies both between and within countries
[9]. Ambulance-based diagnosis, blood culture sampling
and administration of intravenous antibiotics is imple-
mented in some services [10—13]. Still, high quality pre-
hospital management of sepsis depends on several other
elements like finding the correct focus of the infection
and the timeliness of antibiotic treatment in this setting.

Using only one broad-spectrum antibiotic for sepsis
in the ambulance simplifies the pre-hospital handling,
as it eliminates both the need to identify an infectious
focus and to select the appropriate drug. Consequently,
it requires less training of staff and less drugs that must
be carried by the ambulance. On the other hand, a system
that includes different antibiotic regimens allows more
targeted therapy aiming at an assumed focus of the infec-
tion and reduces unnecessary use of broad-spectrum
antibiotics that have undesirable ecological effects.

However, a prerequisite for targeted antibiotic treat-
ment is correct identification of the focus of infection
in an acceptable fraction of the patients. To our knowl-
edge, the ability of pre-hospital personnel to achieve this
in patients with suspected sepsis has not been described
earlier.

Likewise, timeliness of antibiotic administration is
important, but time points and time intervals, like onset
of sepsis and time to antibiotics, are not reported in a
uniform way in the literature. Still, a clear description
of the pre-hospital trajectory and time intervals may
contribute to the understanding of what is the optimal
timing of antibiotic administration in sepsis. Finally, we
think that pre-hospital antibiotic treatment is particularly
important in rural areas with long delays before Emer-
gency Department (ED) admission.

The aim of this study was to investigate how para-
medics, with or without the assistance of general prac-
titioners, can administer empiric intravenous antibiotic
treatment against sepsis in a timely manner.
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Materials and methods

Study design

This was a cohort study with prehospital data col-
lected prospectively and in-hospital data collected
retrospectively.

Inclusion and study period

Patients with suspected sepsis who were given pre-hospi-
tal intravenous antibiotics and transported to hospital by
ambulance from May 2018 to August 2022 were included
in this study.

Study setting

The study was conducted in the catchment area of the
University Hospital of North-Norway (UNN), that com-
prises the county of Troms and the Northern part of
Nordland County in Norway. The area is large (30 412
km?) and sparsely populated with 193 066 inhabitants
(01.01.2020) [14]. The population density is 6,3/km?, and
a significant part of the population lives more than one
hour from the closest hospital. There are hospitals in the
cities of Harstad, Narvik and Tromse. Ambulance per-
sonnel have two years of high school level training, plus
a two-year apprenticeship in an ambulance service before
final authorisation. Registered nurses can be authorised
after two years of full-time ambulance work. In addition,
an increasing, but still low, proportion of the personnel
has a bachelor’s degree in paramedic sciences. Because
of long distances, a significant proportion of ambulance
patients are evaluated by general practitioners at pri-
mary emergency care centres before being transported to
hospital.

Local guidelines

Local guidelines for pre-hospital management of sepsis
were developed in cooperation between the primary care
services and the UNN Ambulance Department, and after
publication of the Third International Consensus Defini-
tion [1] of Sepsis and the 2016 recommendations from
the Surviving Sepsis Campaign (SSC) [15]. Antibiotic
treatment was recommended if there was suspected sep-
sis after a clinical work-up that included scoring by sys-
temic inflammatory response syndrome (SIRS) criteria
and quick sequential organ failure assessment (GSOFA)
score. The recommended antibiotics were gentamicin in
combination with benzylpenicillin or ampicillin depend-
ing on suspected source of infection. Cefotaxime was a
back-up alternative. It was recommended to give initial
fluid resuscitation with crystalloids 10 ml/kg over 5-30
min, but the local guidelines also stated that as much as
30 ml/kg during the first 30 min might be necessary.
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Implementation of pre-hospital antibiotic treatment

The ambulance services implemented pre-hospital anti-
biotic treatment during May to August 2018. All ambu-
lance personnel had e-learning and 4-6 h of lectures and
practical training before they were certified to administer
antibiotics. The training included recognition of usual
signs and symptoms of sepsis, as well as use of SIRS and
qSOFA. It was emphasised that the decision to give pre-
hospital antibiotic treatment should be based on clini-
cal presentation and that scoring systems should only be
used for decision support. Attendees received practical
training in blood culture sampling and preparation and
administration of intravenous antibiotics. Blood culture
sampling was identified as a particularly important and
difficult procedure, and a step-by-step instruction video
was produced to allow repetition after initial training.
The ambulances were equipped with a sepsis kit for blood
culture sampling (two vials for aerob sampling, two vials
for anaerob sampling, and one vial for aerob sampling in
patients <12 years) and four different types of antibiotics.

The ambulance quality registry

After implementation of pre-hospital antibiotic treat-
ment with antibiotics as a routine, a prospective quality
registry was established. Data were collected by ambu-
lance personnel with the online survey tool Research
Electronic Data Capture (REDCap, Vanderbilt Univer-
sity Nashville, USA) immediately after treating patients
with sepsis or suspected sepsis, and transferred to the
ambulance quality registry. The inclusion criteria for
the registry were suspected sepsis and either drawing
of blood cultures or administration of intravenous flu-
ids or intravenous antibiotics, or the perceived need for
a sepsis team at arrival at the ED. Pre-hospital registra-
tion included administrative mission information, sepsis
risk factors, vital signs, evaluation of skin, point-of-care
laboratory results, suspected source of infection, triage
system scoring, administration of antibiotics and fluids,
cooperation with health personnel and adverse events.
Pre-hospital data were supplemented by retrospective
collection of in-hospital data from the electronic patient
records at UNN. The in-hospital data included sepsis
diagnosis at hospital arrival and discharge, treatment
with antibiotics, fluids and vasoactive drugs after arrival
at hospital, microbiological agents, criteria for septic
shock, Charlson comorbidity score, sequential organ fail-
ure assessment (SOFA) -score, length of intensive care
unit-stay, hospital stay and 30-day all-cause mortality
(Supplementary materials 2 and 3).

Selection of patients, blood culture sampling and
antibiotic treatment

Treatment was initiated if sepsis was suspected based
on clinical judgement supported by SIRS-criteria and
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qSOFA-score. If a primary emergency care physician was
not present on the scene, ambulance personnel would
consult a primary emergency care or hospital physi-
cian by telephone. Two sets of blood cultures consist-
ing of two bottles each (one aerobic and one anaerobic)
from the same venous puncture were drawn if possible,
and antibiotics were given according to national guide-
lines (gentamicin+benzylpenicillin, gentamicin+ampi-
cillin, or cefotaxime). Patients with a suspected lower
respiratory tract focus of infection should receive gen-
tamicin+benzylpenicillin, and patients with a suspected
urinary tract focus should receive gentamicin+ampicil-
lin. The local guidelines for patients with an unclear focus
of infection was changed from gentamicin+ampicillin to
gentamicin+benzylpenicillin in November 2019. Patients
allergic to penicillin and children should receive cefotax-
ime. The goal was to give patients with suspected sepsis
intravenous antibiotic treatment within one hour from
first medical contact. If the assumed transportation time
to hospital was less than 15 min, pre-hospital antibiotic
treatment was not recommended. In the present study
we included patients from the ambulance quality registry
who received pre-hospital intravenous antibiotic treat-
ment and were transported to hospital by ground or air
ambulance.

Statistical analyses

The data were pseudonymized and analysed with SPSS
v.29.0.1.0 (IBM Corp. Armonk, USA). Results are pre-
sented as median with interquartile range (IQR), or as
absolute values and percentages as appropriate. Chi-
square tests were used to compare categorised data of
source of infection and presence of general practitioner
at initial assessment of patient. SankeyMATIC (Steve
Bogart (https://githup.com/nowthis/sankeymatic)) was
used to produce Sankey diagrams showing route for
ambulance transports of patients admitted to hospital
and change in assumed focus of infection between pre-
hospital assessment and discharge papers. Differences
with a p-value<0.05 were considered significant.

Results

During the study period 413 episodes were recorded
in the ambulance quality registry (Fig. 1). Six patients
did not consent to participate in the study. Among the
remaining patients, 335 received pre-hospital intrave-
nous antibiotics. Seven were not transported by ambu-
lance to hospital. These patients were nursing home
residents, or had restrictions on level of care, and some
were treated at municipal day care units. A table with
demographic and clinical data of 71 patients who were
transported to hospital, but did not receive prehospital
antibiotics is available in supplementary material 1. Thus,
the study group consisted of 328 patients corresponding
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Patients with suspected
sepsis =413

No consent =

Consent =407
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6

No IV antibiotics given prehospitally =72

Received prehospital
antibiotics = 335

Not transported to hospital = 7

Transported to hospital by
ambulance = 328

Fig. 1 Inclusion of patients. 328 patients that were given antibiotics prehospitally and transported to hospital by ambulance were included

Timeline and time intervals, median values(quartiles)

First call
recieved by i.v. antibiotics
EMCC -20 min started 44 min
Ambulance
Am'bulance Ambulance transport arrived at
arrived _ started 51 min hospital 120 min
(FMC) 0 min
| 1
I 1
-20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 minutes
Response time FMC to antibiotics 7 Transport to hospital
20 min(11, 31) 44 min (29, 72) min | 69 min (45, 103)

Prehospital time, 140 min (110,

179)

Fig. 2 Timeline and time intervals. Time zero was defined as first medical contact (FMC, i.e. the time of arrival of the first medical personnel that could
identify sepsis and start treatment with fluids and/or antibiotics). Response time is the time from the first call received by the Emergency Medical Com-
munication Centre (EMCC) to FMC. Prehospital time is the time from first call received by the EMCC to ambulance arrival at hospital. The figures represent

medians and interquartile ranges

to 42 cases of suspected sepsis per 100 000 inhabitants/
year in the study period.

Median time from first call received by the emergency
medical communication centre to arrival of ambulance
was 20 min (IQR 11,31) (Fig. 2). A primary care physi-
cian was present at start of treatment in almost half of
the cases. The ambulances responded mainly to private
residences (165 cases, 50.3%) or nursing homes (63 cases,

19.2%). The study group had a median qSOFA-score of
1 (IQR 1, 2), and the Charlson comorbidity score was
5 (IQR 3, 7). Median age was 76 years (IQR 64, 83) and
159 (48.5%) of the patients were female. 30-days all-cause
mortality was 10.4% (n=34). Demographic and clinical
data from the patients are shown in Table 1.

At least one blood culture was drawn from 298 (90.8%)
patients, resulting in 478 blood culture samples. Positive
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Table 1 Demographic and clinical data. Continuous variables
are presented as median values with interquartile range.
Categorical variables are presented with number of patients and

percentage

Variable

Age (Years) 76 (64, 83)
Male (n) 169 (51.5%)
Female (n) 159 (48.5%)
Systolic BP (mmHg) (pre-hospital) 121 (104,141)
Temperature (Celsius) (pre-hospital) 38,5 (37.7,39.0)
Respiratory rate (breaths/min) (pre-hospital) 28 (24, 30)
Heart rate (beats/min) (pre-hospital) 105 (92, 120)
Glascow Coma Score (pre-hospital) 15(14,15)
SpO2 (%) (pre-hospital) 93 (90, 95)
qSOFA-score (pre-hospital) 1(1,2)
Marbled or ashen skin (pre-hospital) 57 (17.4%)
Cyanotic skin, lip, or tongue (pre-hospital) 30 (9.1%)
SOFA-score after admittance to hospital 2(1,3)
Charlson comorbidity score 5@3,7)
30-day all-cause mortality 34 (10.4%)
Primary care physician present in treatment 157 (47.9%)
Blood cultures drawn from the patient 298 (90.8%)

blood cultures were found in prehospital samples from
47 (15.8%) patients. In 123 (37.5%) cases the lower

Prehosp lower respiratory tract

123

Prehosp urinary tract

85

I Prehosp other
38

Prehosp unknown
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respiratory tract was the suspected source of infection,
in 85 (25.9%) cases the urinary tract was the suspected
source of infection, in 38 (11.6%) of cases other sources of
infection were suspected, and in 82 (25.0%) of cases the
source of infection was marked as unknown. In 246 cases
(75%) there was a single suspected focus of infection in
the pre-hospital setting. The number of cases with tenta-
tive single source of infection was not associated with the
presence of a physician as it was documented in 77.7%
of cases compared to 72.5% of cases without a physician
present (p=0.278). Discharge papers confirmed the pre-
hospital tentative single source of infection in 195 cases
(79.3%). The presence of a primary care physician led to
a significantly higher rate of correctly identified source
of infection 105/122 (86.1%) versus 90/124 (72.6%)
(p=0.009). In one out of four cases (#=82) more than
one focus was suspected as the source of infection, or
the source of infection was classified as unclear (Fig. 3).
There was a significantly higher proportion of cases with
a discharge diagnosis of lower respiratory tract (p=0.02)
or urinary tract (p=0.03) infections among patients with
an identified pre-hospital tentative focus than among
patients with an infection focus classified as unknown in
the pre-hospital setting (Table 2).

Discharge lower respiratory tract

Discharge urinary tract

86

Discharge other
60

Discharge unknown

39

Discharge no infection
1

5.

Fig. 3 Infectious focus assumed by the pre-hospital personnel and according to discharge papers. To the left in the diagram, the focus of infection as-
sumed by pre-hospital personnel, and to the right the focus that was concluded during the stay in hospital according to discharge papers. The figures

are numbers of patients

Table 2 The focus of infection that was recognized at discharge from hospital in patients where one tentative focus was given in the
pre-hospital setting, and in patients where source of infection was categorized as unknown or more than one source was suspected

by the pre-hospital personnel

Focus of infection at discharge

Patients where a single tentative focus of infection was
suggested by prehospital personnel (n=246)

Patients where a single
focus of infection was not
suggested by prehospital
personnel (n=82)

Lower respiratory tract 105 (42.7%)

Urinary tract 72 (29.2%)
Other 38 (15.4%)
Unknown 23(9.3%)
No infection 8(3.3%)

23 (28.0%)
14 (17.1%)
22 (26.8%)
16 (19.5%)
7 (8.5%)
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Table 3 The table shows antibiotics given by the pre-hospital
personnel, and whether the treatment is compliant with National
guidelines for empirical antibiotic therapy for sepsis

i.v. Antibiotic Treatment

Benzylpenicillin + Gentamicin (compliant with guidelines) 104 (31.7%)

Ampicillin+Gentamicin (compliant with guidelines) 84 (25.6%)
Cefotaxime (compliant with guidelines) 56 (17.1%)
Gentamicin 48 (14.6%)
Benzylpenicillin 17 (5.2%)
Cefotaxime + Gentamicin 8 (2.4%)
Ampicillin 7 (2.1%)
Benzylpenicillin+Ampicillin 2 (0.6%)
Gentamicin + Ampicillin + Cefotaxime 1(0.3%)
Ampicillin+ Cefotaxime 1(0.3%)

Antibiotic treatment was initiated at a median of 44
min (IQR 29,72) after arrival of ambulance, and 76 min
(median) before arrival at hospital. Of the 328 patients
who received pre-hospital antibiotics, 244 patients
(74.4%) received therapy in accordance with national
guidelines. Cefotaxime was administered in 66 cases
(20.1%). Table 3 shows the combinations of antibiotics
given in the pre-hospital setting.

In most cases (176) patients were transported directly
to hospital, including 61 patients who were nursing
home residents (Fig. 4). In 70 of these cases patients
were transported to the primary care centres by ambu-
lance, only two patients were nursing home residents.
Primary emergency care centres received 82 patients who
arrived by other means of transportation. Altogether 152
patients were transported by ambulance from a primary
emergency care centre to hospital. Median transporta-
tion time from place of incident to hospital was 69 min
(IQR 45,103), and the median time from the first phone-
call received by the emergency medical communication
centre to arrival at hospital (total pre-hospital time) was
thus 140 min (IQR 110,179).

The pre-hospital diagnosis of suspected sepsis was still
assessed as likely at admission to hospital in 213 patients

Uknown
82

Residence
165

152

Nursing home
63

Other
18
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(64.9%), and intravenous antibiotics were continued for
more than 36 h after admission in 286 patients (87.2%).

Discussion

In this study we have shown that the introduction of
intravenous antibiotic therapy for suspected sepsis was
feasible in an ambulance service with long pre-hos-
pital transportation times. The median time interval
from arrival of ambulance to administration of intrave-
nous antibiotics was less than one hour, which for most
patients meant much earlier initiation of therapy than if
antibiotics should be given after arrival in the ED. Blood
cultures were drawn in 90% of the patients, and fur-
thermore, pre-hospital personnel identified a tentative
focus of infection which was confirmed after admission
in 79.3% of cases. This allowed the pre-hospital team to
start a targeted antibiotic therapy as opposed to broad-
spectrum drugs. Only one adverse reaction (skin rubor
after injection of benzyl penicillin) was reported.

The population studied was relatively old with comor-
bidities, and many of the patients were nursing home
residents. This has also been found in other studies that
report an average age as high as 70-75 years [10-12], and
a high proportion of nursing home residents [12]. Mor-
tality in the present study was 10.4%, which is in the same
range as in a recently published randomised controlled
trial (RCT) [10].

In recent studies, Walchok et al. [12] reported an
average transportation time to ED of 16 min, whereas
Cunningham et al. [13] reported a median scene plus
transportation time to hospital of 39 min. Finally, Alam et
al. [10] reported a median time of 26 min from pre-hos-
pital administration of antibiotic treatment until arrival
at ED. The latter study has been attributed much weight
as it is the only RCT, and Alam et al. found no effect of
pre-hospital antibiotics on major outcomes [10]. How-
ever, because of the short transportation times in this
RCT, the findings may not be valid for rural areas with
longer pre-hospital times. In the present study, antibiot-
ics were given 44 min (median) after arrival of ambulance

Emergency Primary Care Centre

Hospital
328

Fig. 4 The figure shows the trajectories of the patients, from the location where the ambulance crews started the care and the route to hospital. “Un-
known"are patients that the ambulance team first encountered at the Emergency Primary Care Centre where they had arrived by private transport
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and 76 min (median) before arrival at the ED. In the trial
conducted by Alam et al. antibiotics were administered
26 min (median) before arrival at the ED [10]. This is an
important difference and illustrates how the potential
benefit of getting earlier antibiotic treatment varies both
between and within ambulance services. We believe that
pre-hospital antibiotic therapy may have a greater impact
in rural areas, like in the present study.

The much longer pre-hospital time in our study may
be explained by the long distances in the catchment area.
However, we may have some degree of selection bias,
because antibiotic treatment was not offered if the hospi-
tal was closer than 15 min. Nevertheless, we report much
earlier antibiotic administration in the patients we have
studied than if therapy had been started after admission.

It is challenging to compare timelines with other
reports, since authors use different terminologies and
different starting points. In time-critical conditions both
patient-delays and health-service system delays contrib-
ute to the total delay to treatment. In the case of commu-
nity acquired sepsis, the onset of the disease is difficult to
determine, particularly because of the insidious nature of
the symptoms.

Both ED arrival time, and the time for recognition of
sepsis have been used as time zero [16]. In our opinion,
first medical contact is a well-established starting point
for measuring intervals in time-critical medical condi-
tions, like e.g. acute coronary syndrome [17]. Seymour
et al. [18] pointed out that using time from ambulance
arrival to start of therapy adds important and modifiable
time intervals but did not define first medical contact
unambiguously. We suggest defining first medical contact
as when the first health professional arrives at the scene
of incidence and can identify sepsis and start treatment
with antibiotics and/or fluids. It is worth noting that this
gives a much earlier starting point for the patient trajec-
tory than studies that start the timeline in the ED and
enables a timing of antibiotic treatment that is earlier in
the development of the sepsis pathophysiology, which
again may be important for patient outcome. However,
more recent guidelines assume that the optimal timing
of antibiotic therapy in sepsis depends on the probabil-
ity of a bacterial infection and the severity of disease. In
the present study, we have not differentiated between
suspected sepsis, probable sepsis, or septic shock, as sug-
gested by the 2021 Surviving Sepsis Campaign Guide-
lines. We only report that the assumed pre-hospital
diagnosis was confirmed after ED admission in a high
proportion of patients. Further studies should address
how pre-hospital personnel may stratify patients accord-
ing to individual needs for timing of therapy.

Internationally, many emergency medical systems
operate without involving a doctor. We report that a
primary care physician was present in almost half of
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the cases when treatment was started, and 28.4% of the
patients were initially transported to a primary emer-
gency care centre and this might have prolonged the
pre-hospital time. On the other hand, close collabora-
tion between local physicians and ambulance personnel
might have contributed to better care decisions. Primary
care physicians have an active role in pre-hospital emer-
gency care in Norway, as every local community always
has a general practitioner on call, and this implies that
a doctor is more often part of the pre-hospital team in
Norway compared to many other countries. It is possible
that some patients that were considered eligible for pre-
hospital sepsis management by ambulance personnel,
were deemed not eligible by the doctor. These patients
were not included in the present study unless blood cul-
tures were drawn, or treatment started before they were
re-evaluated.

In three out of four cases the pre-hospital team sus-
pected a specific tentative focus of the infection. In this
subgroup of patients, the focus was more likely to be the
lower respiratory tract or the urinary tract than in the
group of patients where the focus of infection was clas-
sified as unknown. This may indicate that lower respira-
tory tract and urinary tract infections give more typical
symptoms and findings that are easier to interpret than
other conditions. The proportion of cases with a defined
pre-hospital tentative focus was not associated with the
presence of a primary care physician. For patients with a
tentative focus of infection before admission, the focus
was significantly more consistent with discharge papers
if a primary care physician had been present when treat-
ment was started. The physician may thus seem to add
significant competence to identify the focus correctly.

Antibiotic treatment was given according to recom-
mended combinations in three out of four cases. In the
few studies of pre-hospital antibiotic treatment patients
received antibiotic regimens based on assumed source
of infection only in one study [12], whereas in the other
studies pre-hospital antibiotic treatment has been lim-
ited to administration of a single broad-spectrum agent
[11-13]. When more than one type of antibiotic treat-
ment was given the antibiotics were not given simultane-
ously; if the ambulance was close to hospital they would
start with gentamicin, and benzylpenicillin or ampicil-
lin was given after arrival at hospital. If we take this into
account, 292 pre-hospital antibiotic treatment combina-
tions (89.0%) may be considered guideline compliant.
Seventeen patients (5.2%) received benzylpenicillin in
monotherapy. This is not in line with recommendations
for treatment of sepsis in Norway [19], however, benzyl-
penicillin in monotherapy is recommended for commu-
nity acquired pneumonia [20] and this may explain the
monotherapy. Patients received cefotaxime in 66 cases
(20.1%), even though this broad-spectrum cephalosporin
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is discouraged as a first-line choice in Norwegian guide-
lines. The fraction of broad-spectrum antibiotics given in
the study group was close to the fraction of broad-spec-
trum antibiotics (21%) given in Norwegian hospitals in
2022 [21].

Strengths and limitations

The study is based on prospective registration by ambu-
lance personnel, and we therefore expect higher data
quality compared to retrospective studies. Treatment of
patients was done in close collaboration between primary
care physicians and ambulance services, but the regis-
tration of data was done solely by ambulance personnel.
This implies that patients that were treated at nursing
homes and not transported to hospital might not have
been included. It is also likely that some of the patients
had a non-resuscitation order or limitations regarding
treatment or level of care that could influence inclusion
in the study, but this was not recorded. We have not
checked all ambulance transports for sepsis patients as
this would require screening about 30 000 ambulance
patient records per year. The rate of under-triage and
underreporting in this study is thus unknown.

Conclusions

Empirical intravenous antibiotic therapy was feasible in
the described setting, and adherence to national guide-
lines for antibiotic usage was adequate. The pre-hospi-
tal times were longer in the rural setting of the present
study compared to other published studies, and therapy
was thus initiated much earlier than if it had to wait until
arrival at the ED. The close collaboration with primary
care physicians introduced a higher level of diagnostic
accuracy.

Abbreviations

ED Emergency Department

UNN University Hospital of North-Norway (UNN)
SSC Surviving Sepsis Campaign

SIRS Systemic Inflammatory Response Syndrome

qSOFA  Quick Sequential Organ Failure Assessment
SOFA Sequential Organ Failure Assessment
IQR Interquartile Range

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512913-024-11827-x.

Supplementary Material 1.
Supplementary Material 2.

Supplementary Material 3.

Acknowledgements
The authors thank the ambulance personnel of the UNN for collecting
information about potential sepsis patients to the quality registry.

Page 8 of 9

Clinical trial number
Not applicable.

Authors’ contributions

The study was conceived by LJA and KF and all authors contributed to the
research protocol. Data were collected from the Ambulance Quality Registry
and analysed statistically by LJA, who also made the first manuscript draft.
GSS, ES, KF and LJA contributed to the interpretation of the data and the later
manuscript revisions. All authors have read and approved the final manuscript.

Funding

Only institutional funding.

Open access funding provided by UiT The Arctic University of Norway (incl
University Hospital of North Norway)

Data availability

The datasets generated during and analysed during the current study are
publicly available from the Open Research Data depository of the UiT - The
Arctic University of Norway.

Declarations

Ethics approval and consent to participate

The ambulance quality registry was approved by the data protection officer
at UNN and inclusion in the registry did not require consent from the patient.
The Regional Committee for Medical and Health Research Ethics Northern
Norway (application number 685406) approved the present study, and data
from the registry were made available for the study under the condition that
informed consent was given from all surviving patients. All surviving patients
received written information about the study and how to withdraw from

the study and were given the opportunity to do so by writing, telephone, or
e-mail.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

! Anaesthesia and Critical Care Research Group, Faculty of Health Sciences,
UIT - The Arctic University of Norway, Tromsg, Norway

“Division of Emergency Medical Services, University Hospital of North
Norway, Tromsg, Norway

3Department of Microbiology and Infection Control, University Hospital
of North Norway, Tromsg, Norway

“Research Group for Host-Microbe Interaction, Faculty of Health Sciences,
UIT - The Arctic University of Norway, Tromse, Norway

Department of Research, Innovation, Education and Health Service
Development, Mgre og Romsdal Hospital Trust, Alesund, Norway
Department of Circulation and Medical Imaging, Gemini Centre for
Sepsis Research, Norwegian University of Science and Technology,
Trondheim, Norway

Received: 26 September 2024 / Accepted: 23 October 2024
Published online: 31 October 2024

References

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer
M, et al. The Third International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3). JAMA. 2016;315(8):801-10.

2. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR,
et al. 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. Skei NV, Nilsen TIL, Knoop ST, Prescott H, Lydersen S, Mohus RM, et al. Long-
term temporal trends in incidence rate and case fatality of sepsis and COVID-
19-related sepsis in Norwegian hospitals, 2008-2021: a nationwide registry
study. BMJ Open. 2023;13(8):e071846.


https://doi.org/10.1186/s12913-024-11827-x
https://doi.org/10.1186/s12913-024-11827-x

Andersson et al. BMC Health Services Research

(2024) 24:1320

Skei NV, Nilsen TIL, Mohus RM, Prescott HC, Lydersen S, Solligard E, et al.
Trends in mortality after a sepsis hospitalization: a nationwide prospective
registry study from 2008 to 2021. Infection. 2023;51(6):1773-86.

Daniels R. Surviving the first hours in sepsis: getting the basics right (an
intensivist's perspective). J Antimicrob Chemother. 2011,66(Suppl 2):ii11-23.
Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, et al. Dura-

tion 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.

Ferrer R, Martin-Loeches |, Phillips G, Osborn TM, Townsend S, Dellinger RP,

et al. 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.

Seymour CW, Gesten F, Prescott HC, Friedrich ME, lwashyna TJ, Phillips GS, et
al. Time to Treatment and Mortality during Mandated Emergency Care for
Sepsis. N EnglJ Med. 2017;376(23):2235-44.

Lockey D. International EMS systems: Geographical lottery and diversity but
many common challenges. Resuscitation. 2009;80(7):722.

Alam N, Oskam E, Stassen PM, Exter PV, van de Ven PM, Haak HR, et al.
Prehospital antibiotics in the ambulance for sepsis: a multicentre, open label,
randomised trial. Lancet Respir Med. 2018,6(1):40-50.

Jones J, Allen S, Davies J, Driscoll T, Ellis G, Fegan G, et al. Randomised feasibil-
ity study of prehospital recognition and antibiotics for emergency patients
with sepsis (PhRASe). Sci Rep. 2021;11(1):18586.

Walchok JG, Pirrallo RG, Furmanek D, Lutz M, Shope C, Giles B, et al.
Paramedic-initiated CMS sepsis core measure bundle prior to hospital arrival:
a stepwise approach. Prehosp Emerg Care. 2017;21(3):291-300.
Cunningham CT, Sanseverino A, Reznek M, Borges E, Beth Urhoy M, Gross K,
et al. A pilot study of prehospital antibiotics for severe sepsis. Acad Emerg
Med. 2022;29(2):231-3.

14.
15.

16.

17.

20.

21.

Page 9 of 9

Statistics Norway: https://www.ssb.no Accessed 2024-06-20

Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, et al. Surviv-
ing Sepsis Campaign: International Guidelines for Management of Sepsis and
Septic Shock: 2016. Crit Care Med. 2017;45(3):486-552.

Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, et
al. Surviving sepsis campaign: international guidelines for management of
sepsis and septic shock 2021. Intensive Care Med. 2021;47(11):1181-247.
Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, et al. 2023
ESC Guidelines for the management of acute coronary syndromes. Eur Heart
J Acute Cardiovasc Care. 2023;13(1):55-161.

Seymour CW, Kahn JM, Martin-Gill C, Callaway CW, Yealy DM, Scales D, Angus
DC. Delays From First Medical Contact to Antibiotic Administration for Sepsis.
Crit Care Med. 2017;45(5):759-65.

The Norwegian Directorate of Health https://www.helsedirektoratet.no/re
tningslinjer/antibiotika-i-primaerhelsetjenesten (In Norwegian) Accessed
2024-06-20

The Norwegian Directorate of Health https://www.helsedirektoratet.no/retni
ngslinjer/antibiotika-i-sykehus (In Norwegian) Accessed 2024-06-20
NORM/NORM-VET 2022. Usage of Antimicrobial Agents and Occurrence of
Antimicrobial Resistance in Norway. Tromsg / Oslo 2023. ISSN:1502-2307
(print) / 1890-9965 (electronic) Available at http://www.antibiotikaresistens.n
o.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.ssb.no
https://www.helsedirektoratet.no/retningslinjer/antibiotika-i-primaerhelsetjenesten
https://www.helsedirektoratet.no/retningslinjer/antibiotika-i-primaerhelsetjenesten
https://www.helsedirektoratet.no/retningslinjer/antibiotika-i-sykehus
https://www.helsedirektoratet.no/retningslinjer/antibiotika-i-sykehus
http://www.antibiotikaresistens.no
http://www.antibiotikaresistens.no

	﻿Timely empirical antibiotic therapy against sepsis in a rural Norwegian ambulance service: a prospective cohort study
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study design
	﻿Inclusion and study period
	﻿Study setting
	﻿Local guidelines
	﻿Implementation of pre-hospital antibiotic treatment
	﻿The ambulance quality registry
	﻿Selection of patients, blood culture sampling and antibiotic treatment
	﻿Statistical analyses

	﻿Results
	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusions
	﻿References


