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Summary
AIMS OF THE STUDY: Comparison of outcomes between
different emergency medical services (EMS) is difficult and
lacking in Switzerland. Therefore, knowledge about the
inherent risks of EMS-referred patients is important. Targeted interventions may benefit these patients by optimising resource allocation. We therefore aimed to study
outcomes in EMS-referred patients presenting to a Swiss
emergency department (ED).
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METHODS: Prospective observational study in all patients
presenting to the ED of Basel University Hospital. Mode
of referral was recorded (EMS or other). Univariate and
multivariate linear, Poisson and logistic regression models
were used. Crude and age/gender adjusted associations
between mode of referral and outcomes were calculated.
Outcomes were shown for admission, length of stay
(LOS), in-hospital, and 1-year mortality.
RESULTS: Of 5634 patients presenting in the inclusion
period, 4703 were screened, 4544 were included and
4287 were followed up for 365 days. Associations between EMS referral and several adverse outcomes were
found and expressed as odds ratios (ORs) and geometric
mean ratios (GMRs): hospital admission (OR 3.8, 95% CI
3.2–4.5; p <0.001), intensive care unit (ICU) admission
(OR 4.2, 95% CI 3.2–5.5, p <0.001), ED-LOS (GMR 1.2,
95% CI 1.1–1.2; p <0.001), in-hospital mortality (OR 6.4,
95% CI 2.9–15.6; p <0.001) and 1-year mortality (OR 2.3,
95% CI 1.7–3.0; p <0.001).
CONCLUSION: Patients referred by EMS have higher
odds of admission to hospital and ICU, a longer ED LOS,
and higher short- and long-term mortalities than the general ED population.
Key words: emergency medical service, emergency department, outcome, morbidity, mortality, length-of-stay,
triage

individual EMS, as well as the population referred by the
service. Since the large majority of primary EMS deployments are referrals to emergency departments (EDs), data about the group of patients referred by EMS to EDs
are of great importance to hospitals and emergency physicians. Healthcare providers need to be aware of risks inherent to specific groups of patients, such as migrants, the elderly, or EMS patients, because of early risk stratification
and resource allocation. In order to refine strategies optimising resource allocation in the ED, different approaches
have been tested, including various front-end interventions
intended to improve patient flow through the ED while
ensuring safety [1–3]. The introduction of triage liaison
physicians, team triage and triage-based protocols has been
shown to improve patient outcomes [3–5]. However, transporting clinical tools to new settings is not an easy task,
and triage still shows great variation in procedure and outcome [6]. The early identification of patients at risk could
therefore benefit certain groups, such as EMS-referred patients, if resources can be allocated immediately.
To date, there is conflicting evidence as to whether EMS
referral is an independent predictor of outcome. Some
studies showed that EMS/ambulance patients are often older, have lower incomes and are more severely ill [7]. Little
is known about outcomes in EMS patients. Higher admission rates, greater use of resources, longer ED length
of stay (LOS), and higher mortality have been reported
[7–10]. Only a few studies could show an association between EMS referral and long-term mortality – this knowledge being restricted to patients with myocardial infarction
or acute chest pain [11–13]. It has never been shown in
a general EMS population. We therefore conducted a
prospective study in an ED “all-comer” population in order
to test the hypothesis that EMS referral is an independent
predictor of admission to hospital and intensive care unit
(ICU), acute morbidity, use of resources, length of stay in
the ED, total length of stay, follow up presentations, and
mortality in patients presenting to the ED.

Introduction
Emergency medical services (EMS) are difficult to compare between different healthcare systems. Therefore, it is
important to gather knowledge about the performance of
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Methods
Study design and setting
This prospective observational study was conducted in the
ED of University Hospital Basel, Switzerland. The hospital
has 700 beds and an annual census of over 50 000 adult
emergency patients. The ED is responsible for all acute
patients, except for paediatric, ophthalmological and gynaecological patients, who are treated nearby. Data collection took place from 21 October to 11 November 2013,
and from 1–23 February 2015. Ethical approval of the
study was given by the local ethics committee
(http://www.eknz.ch, Ref. No. 236/13)
Selection of participants
During the study periods, all patients presenting to the ED
were eligible. Patients lacking information about mode of
arrival/referral, patients accompanied by the police and patients who did not give consent were excluded.
Study protocol
During the study period, data were collected consecutively
24 hours a day, 7 days a week. A study team consisting of
medically trained staff received instruction on how to gather data from the hospital’s electronic health records and
how to systematically interview patients, patients’ proxies, emergency physicians and emergency nurses. Printed
questionnaires were used to report all results; a copy of
the questionnaire is provided in appendix 1, available in a
separate file for downloading. Data in the questionnaires
were check-boxed on a machine-readable product provided
by HCRI (Health Care Research Institute AG, Zurich,
Switzerland). Validation was done by an internal review of
each individual form, followed by an external validation
by the company providing the technology. For retrospective chart review, the guidelines from Worster et al. were
fulfilled for 8 out of 12 criteria (except for criteria 5, 6, 7,
and 8) [14]. Disagreements were resolved by discussion in
the group of authors.
Data collection
All patients presenting to the ED were registered in the
electronic health record. Each patient was personally attended by a member of the study team during the whole
ED stay. All data collected were immediately recorded on
the questionnaire. Every patient was triaged, in accordance
with the German version of the Emergency Severity Index
(ESI) [6], by either an emergency nurse or an emergency
physician [3]. Patients, patients’ proxies, and emergency
physicians and nurses were interviewed immediately after
triage. Finally, all examinations requested by emergency
physicians were recorded. End of ED work-up (defining
ED-LOS) was defined as transfer to another department or
discharge.
Data about the patient’s characteristics (age, gender, origin) and disposition (hospitalisation, ICU admission) as
well as in-hospital mortality and follow-up presentations
were retrieved from the electronic health record. An individual patient ID number was used to match the study
database with the electronic health record database. After
matching, the study database was anonymised.
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Follow up
One-year follow-up was obtained from the electronic
health record and by telephone calls with the patient, proxies, primary-care physicians, or by written communication
with the primary-care physician. For patients with residency in Basel, the date of death was retrieved from the
registry office. Date of death (dd.mm.yyyy) or “period of
death” (month.year) were recorded in the database.
EMS referral and other variables
EMS referral was defined as all ambulance transports or
transfers, all air ambulance transports or transfers, and all
patient transfers from other hospitals in the surrounding
area (50–70 km) presenting primarily to the ED before
admission. All patients referred from hospitals outside
Switzerland (for example, in Germany or France) arriving
by ambulance and undergoing ED evaluation were also included.
Mode of arrival/referral was assigned to one of nine categories: self-referred, referred by a primary-care physician,
referred by other physician (e.g., specialist), referred by
other hospital / care centre, referred by other medical care
facilities, referred by outpatient clinic, referred by EMS
with or without an emergency physician (air medical transport included), or accompanied by police.
Disease severity ratings were reported at the time of presentation, and defined as the subjective impression of disease severity reported on a numeric rating scale (NRS)
from 0 (not sick at all) to 10 (extremely sick). Patient’s
impression was expressed as the answer to the question:
“How ill do you feel right now?” The impressions of emergency physicians and nurses, and patients’ proxies were
expressed as the answer to the question: “How ill does this
patient look right now?”
ESI category was defined as the priority to be seen according to the ESI triage algorithm.
Outcome variables
Hospital admission was defined as transfer to another department or hospital directly after the end of ED work-up.
A minimum of one overnight stay in a registered hospital
bed was required.
ICU admission was defined as any admission to a medical,
surgical or intermediate care unit, as well as any stroke unit
or neurosurgical intensive care, occurring either as immediate transfer from the ED or during the patient’s index
hospital stay.
Acute morbidity was defined, as previously described [15],
as any acute condition that requires immediate specific
medical therapy, invasive procedures, prolonged monitoring, or any fracture.
Resources were defined as the total number of examinations (X-ray, ultrasound, echocardiography, duplex sonography, endoscopy, computed tomography (CT) scan, magnetic resonance imaging, interventional radiology, or consultation by a specialist) requested during ED workup.
Emergency department length of stay (ED LOS) was defined as time in minutes between time of arrival and time
of discharge or transfer to other departments or hospitals.
Total length of stay was defined as the time in days spent
in hospital during the index hospitalisation.
Follow up presentations were defined as all presentations
to University Hospital Basel within a year from first pre-
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sentation. All outpatient visits and all hospitalisations accounted for follow-up presentations.
In-hospital mortality was death occurring in the ED or during the index hospitalisation.
One-year mortality was defined as any death occurring
within a year from presentation. To calculate 1-year mortality, presentation day and exact date of death were required. For patients with more than one presentation during the study period, one case was randomly selected to
calculate the 1-year mortality. Random selection was performed in a computerised and automated fashion. For patients with an unknown exact date, but known “period of
death” (e.g., March 2015), date of death was defined as the
first day of the period of death (in the previous example
1 March 2015). Bias effect was assessed through extremecase scenario simulation and analysis of difference.
Statistical analysis
Overall sample characteristics were determined in the descriptive analysis. Homogeneity of variance was tested using Levene’s Test. Chi-squared tests, exact Fisher test and
student T-tests with corresponding p-values were used for
comparison between EMS referral and non-EMS referral.
Univariate and multivariate (age and gender adjusted) regression models were performed to estimate the association between EMS referral and the various response variables. For binary response variables (hospital admission,
ICU admission, acute morbidity, in-hospital mortality, and
1-year mortality), logistic regression models were used.
Results were expressed as the ratio of odds (ORs) with

95% confidence intervals (CIs) and corresponding p-value.
For metric response variables, linear regression models
(ED LOS, in-hospital LOS) and Poisson regression model
(resources, follow up presentation) were used. For linear
regression models, results were expressed as differences
of means with 95% CIs and corresponding p-values. For
ED LOS, the values were also log-transformed and results
were expressed as geometric mean ratios (GMRs) with
95% CIs and corresponding p-values. For Poisson regression models, a quasi-Poisson distribution was used and results were expressed as inference rate ratios (IRRs) with
95% CIs and corresponding p-values.
For all calculations, a p-value below 0.05 was considered
to be significant.
Statistical analysis was performed using the statistics software package SPSS (IBM SPSS Statistics 22) for distributions and R (version 3.3.1) for regression analyses.

Results
Of all 5634 patients presenting to the ED during the study
period, 4703 (83.5%) were screened for inclusion. Questionnaires of 4608 patients were validated. Twenty-six patients were excluded because of missing data about mode
of arrival. Thirty-eight patients were excluded because
they were accompanied by police. Finally, 4544 (80.6%)
patients were included (fig. 1), and of these 94.3% completed the 1-year follow up.
Median age was 51 years and 51.5% of the patients were
male. The majority of patients were assigned ESI cate-

Figure 1: Overview of inclusion of patients.
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gories 2 to 4 (94.5%), with the highest prevalence in ESI
category 3 (38.8%). EMS referral without an emergency
physician (19.8%) and with an emergency physician (air
and ground transport, 3%) was reported for almost one
fourth of the included patients. Of the walk-in patients
(77.2%), the vast majority (83.5%) were self-referred
(table 1).
One third of all included patients (33.5%) were admitted to
hospital, 6.5% were admitted to intensive care, and 40.7%
experienced acute morbidity. Mean number of resources
used per patient was 1.84 (±1.33), mean time spent in the
ED was 226.9 (±171.7) minutes, and mean time in days
Table 1: Characteristics of 4544 included patients.
Age in years, median (range)

51 (14–106)

Male sex, n (%)

2338 (51.5)

Origin
Middle/North Europe, n (%)

3086 (67.9)

Mediterranean, n (%)

435 (9.6)

Southeast Europe, n (%)

244 (5.4)

Eastern Europe, n (%)

159 (3.5)

Turkey, n (%)

282 (6.2)

Africa, n (%)

116 (2.6)

Asia, n (%)

141 (3.1)

North America/Australia, n (%)

24 (0.5)

Central/South America, n (%)

42 (0.9)

No data, n (%)

15 (0.3)

ESI
1, n (%)

93 (2.0)

2, n (%)

1001 (22.0)

3, n (%)

1765 (38.8)

4, n (%)

1530 (33.7)

5, n (%)

144 (3.2)

No data, n (%)

Discussion

11 (0.2)

Mode of arrival
Self-referred, n (%)

2929 (64.5)

Referred by PCP, n (%)

324 (7.1)

Referred by other physician/specialist, n (%)

81 (1.8)

Referred by other hospital / care centre, n (%)

147 (3.2)

Referred by other medical care facilities, n (%)

24 (0.5)

Referred by outpatient clinic, n (%)

spent in hospital was 7.15 (±7.7). The mean number of
follow-up presentations was 2.15 (±2.98). Of all patients,
1.6% died in hospital and 6.2% died within a year from
presentation.
EMS patients were significantly older than walk-in patients (67.3 ± 20.6 vs 48.8 ± 20.5 years, p <0.001). Significantly more female patients were in the EMS group (52
vs 48%, p = 0.012). Mean ESI category showed a significantly higher acuity in EMS patients (2.55 ± 0.76) than in
walk-in patients (3.31 ± 0.82, p < 0.001) (table 2). Disease
severity ratings (DSR) of emergency physicians and nurses
were significantly higher for EMS patients, but the ratings
of patients and proxies were not (supplementary table S1
and fig. S1 in appendix 2).
In multivariate logistic, linear, and Poisson regression
models, adjusted for age and gender, a significant positive
correlation was found for admission to hospital (OR 3.8,
95% CI 3.2–4.5; p <0.001) and ICU admission (OR 4.2,
95% CI 3.2–5.5, p < 0.001). For resources, a significant
linear positive correlation was found (IRR 1.3, 95% CI
1.3–1.4; p <0.001). For ED LOS, a significant positive correlation was found (GMR 1.2, 95% CI 1.1–1.2; p <0.001).
For total length of stay, a non-significant positive correlation was found (B 0.1, 95% CI −0.7 – 0.9; p = 0.88). For
follow up presentations, a significant, negative correlation
was found (IRR 0.8, 95% CI 0.7–0.9 p <0.001). A significant positive correlation was found for in-hospital mortality (OR 6.4, 95% CI 2.9–15.6; p <0.001), and 1-year mortality (OR 2.3, 95% CI 1.7–3.0; p < 0.001) (supplementary
table S2).
Univariate analyses showed similar results (data not
shown).

3 (0.1)

EMS with EP, n (%)

136 (3.0)

EMS without EP, n (%)

900 (19.8)

EMS = emergency medical services; EP emergency physician; ESI =
Emergency Severity Index; PCP = primary-care physician

The main findings of our study are the positive associations between EMS referral and admission to hospital and
ICU, use of resources, length of stay and mortality.
First, the odds of being admitted to hospital and intensive
care for EMS patients were about four-fold higher than for
walk-in patients. Second, the use of resources and the ED
LOS were significantly higher. Third, acute morbidity, defined as immediate requirement for medical attention, was
significantly higher in EMS patients. Fourth, and most importantly, EMS patients suffer from an over six-fold in-

Table 2: Outcomes stratified by mode of arrival and results of the multivariate analysis (adjusted for age and gender).
All patients
(n = 4544)

EMS patients
(n = 1038)

Walk-in patients
(n =3506)

p-value

Age, mean years (SD)

53.0 (21.9)

Male sex, n (%)

2338 (51.5)

ESI, mean category (SD)
Admission to hospital, n (%)

Multivariate analysis

67.3 (20.6)

48.8 (20.5)

<0.001*

–

-

497 (48.0)

1841 (52.5)

0.012**

–

-

3.14 (0.87)

2.55 (0.76)

3.31 (0.82)

<0.001*

–

1523 (33.5)

687 (66.3)

836 (23.8)

–

3.8 (3.2–4.5)†

<0.001

ICU admission, n (%)

296 (6.5)

174 (16.8)

122 (3.5)

–

4.2 (3.2–5.5)†

<0.001

Acute morbidity, n (%)

1848 (40.7)

624 (60.2)

1224 (34.9)

–

1.6 (1.4–1.9)†

<0.001

Resources, mean number (SD)

1.84 (1.33)

2.61 (1.24)

1.61 (1.27)

–

1.3 (1.3–1.4)‡

<0.001

ED LOS, mean time (SD)

226.9 (171.7)

270.9 (179.7)

213.8 (167.0)

–

1.2 (1.1–1.2)§

<0.001

In-hospital mortality, n (%)

73 (1.6)

55 (5.3)

18 (0.5)

–

6.4 (2.9–15.6)†

<0.001

One-year mortality, n (%)

280 (6.2)

164 (15.8)

116 (3.3)

–

2.3 (1.7–3.0)†

<0.001

EMS patients
(reference = walk-in
patients)

p-value

-

ED = emergency department; EMS emergency medical services; ESI Emergency Severity Index; ICU = intensive care unit; LOS length of stay; SD = standard deviation ED LOS
is length of stay in the ED defined as time in minutes between ED presentation and discharge or transfer * Calculated using Student's T-test; ** calculated using χ2-test; † results
of logistic regression model, expressed as odds ratios (95% CI); ‡ results of Poisson regression model, expressed as inference rate ratios (95% CI); § results of log-transformed
linear regression model, expressed as geometric mean ratios (95% CI)
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crease in in-hospital mortality. This poor outcome holds
true for the 1-year follow-up, with an odds ratio of 2.3
for adjusted mortality. These findings are new in terms of
a prospective observation in a general EMS population,
but can be compared to special EMS populations: a retrospective study on Dutch sepsis patients found an association between EMS referrals with sepsis and admission to
both hospital and ICU [16]. An American database analysis, focusing on low acuity patients, reported that ambulance patients are four times more likely to be hospitalised
than walk-in patients [17]. Additionally, the association
between EMS referral and use of resources, as well as
ED LOS, has previously been reported: one study showed
that EMS patients used more resources [9]. Another study
demonstrated that EMS patients spent more time in the ED
[10]. Several studies provided evidence of an association
between EMS referral and in-hospital mortality [7, 8, 18,
19], and several authors have shown an association with
long-term mortality [11, 12, 20]. However, some of these
studies were retrospective [7, 8, 19], with all the inherent
problems, such as inclusion bias, and others focused on
special groups, such as acute chest pain [11, 12], or trauma
[19].
The stronger association between EMS referral and in-hospital mortality as compared to 1-year mortality suggests
that for most EMS patients the exposure to an increased
risk of mortality appears to be limited to the index presentation. Other publications [13, 18] demonstrated a similar
pattern of early versus late mortality for EMS patients suffering from acute myocardial infarction.
The higher mortality in EMS patients may lead to the following conclusions in light of two distinct issues:
First, EMS use can be judged to be appropriate on the basis
of adverse outcome. The issue of ambulance misuse has
been widely discussed [21, 22]. It may be argued that EMS
use depends on acuity of symptoms, such as in patients
with suspected myocardial infarction [20]. Alternatively, a
higher perceived severity of illness could trigger the use
of EMS [23]. However, in our cohort, the patients’ disease
severity ratings were not significantly different in EMS patients (table S1 and fig. S1), as opposed to physicians’ and
nurses’ disease severity ratings.
Second, the adverse outcomes in EMS patients could be
taken as an argument for refining triage tools. At present,
none of the widely used tools use EMS referral as a rationale for up-triage. However, considering that the unadjusted odds for short-term mortality are 13.1 (6.3–30.6), this
issue should be investigated. Taking the US triage tool as
reference, ESI 2 mortality is about twofold higher than ESI
3 mortality, and ESI 2 mortality is lower than the EMS referred patients’ mortality [6].
To summarise our findings, we could confirm our hypothesis that EMS patients are more prone to adverse outcomes.
To the best of our knowledge, this is the first prospective
study showing an association between EMS referral and
1-year mortality for an all-comer population. Further research should focus on evaluating early interventions, such
as reducing ED LOS or up-triaging, in EMS patients in order to reduce adverse outcomes.
Limitations
Our study had several limitations. First, this was a singlecentre study with a limitation to external validity. Howev-
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er, the outcomes shown are comparable to other European
studies, in spite of their retrospective or selective nature
[11, 12, 16]. Second, in our analysis we only adjusted for
age and gender, and other confounders could have been
considered. However, as 1-year mortality in an emergency
population is driven to about 60% by age and gender [24],
we believe that the main confounders have been addressed.
Third, admission is an outcome influenced by the healthcare system, culture, and socioeconomic factors. Furthermore, intensive care – due to high cost – may be restricted
in certain cases, and is certainly dependent on available resources. However, our admission rates are comparable to
reported data in other academic centres, such as Wisconsin, US [25], Limerick, Ireland [26], and the region of New
South Wales, Australia [27]. Fourth, we did not analyse or
adjust for outcomes according to a prehospital triage score,
such as the National Advisory Committee for Aeronautics
(NACA) score. Fifth, exact dates of death could not be
identified in all patients. In these cases, the date of death
was defined as the closest possible date to the day of presentation to the ED. Therefore, long-term mortality could
be overestimated. However, we also simulated the inverse
scenario with a maximal difference of four patients (0.1%).
Finally, we cannot exclude an inclusion bias, since 16.5%
of the patients presenting to the ED could not be screened,
mostly because of crowding and patients who left without
being seen. Therefore, the number of low-acuity patients
could be underestimated.
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Appendix 1

Appendix 2

Questionnaire

Supplementary tables and figure

The questionnaire is available as a separate file at:
https://smw.ch/en/article/doi/smw.2017.14554/
Table S1: Results of group comparison for mean disease severity ratings of physicians, nurses, patients and patient’s proxies on a numeric rating scale from 0 to 10.
All patients

EMS patients

Walk-in patients

p-value*

Missing†

Emergency physician, mean (SD)

3.9 (2.3)

5.1 (2.4)

3.5 (2.1)

<0.001

65 (1.4)

Emergency nurse, mean (SD)

4.2 (2.3)

5.5 (2.3)

3.8 (2.1)

<0.001

77 (1.7)

Patient, mean (SD)

5.1 (2.8)

5.3 (2.6)

5.0 (2.8)

0.236

3351(73.7)

Patient's proxies, mean (SD)

6.0 (2.4)

6.3 (2.5)

6.0 (2.4)

0.373

4179 (92.0)

Disease severity ratings

EMS = emergency medical services; SD = standard deviation * Calculated using Student's T-test; † number (%) of the 4544 included patients
Table S2: Results of univariate and multivariate analysis (adjusted for age and gender).
Univariate

Multivariate

EMS patients (reference = walk-in patients)

p-value

EMS patients (reference = walk-in patients)

p-value

Admission to hospital*

6.3 (5.4–7.3)

<0.001

3.8 (3.2–4.5)

<0.001

ICU-admission*

5.6 (4.4–7.2)

<0.001

4.2 (3.2–5.5)

<0.001

Acute morbidity*

2.4 (2.1–2.8)

<0.001

1.6 (1.4–1.9)

<0.001

Resources†

1.6 (1.6–1.7)

<0.001

1.3 (1.3–1.4)

<0.001

ED LOS‡

1.4 (1.3–1.5)

<0.001

1.2 (1.1–1.2)

<0.001

total LOS§

0.3 (−0.5 – 1.0)

0.5

0.1 (−0.7 – 0.9)

0.88

0.9 (0.8–1.0)

0.05

0.8 (0.7–0.9)

<0.001

In-hospital mortality*

13.1 (6.3–30.6)

<0.001

6.4 (2.9–15.6)

<0.001

One-year mortality*

5.6 (4.4–7.2)

<0.001

2.3 (1.7–3.0)

<0.001

Follow up presentations†

ED = emergency department; EMS = emergency medical services; ESI = Emergency Severity Index; LOS = length of stay ED LOS is length of stay in the ED defined as time
in minutes between ED presentation and discharge or disposition; total LOS is length of stay in hospital defined as time in days of index hospitalisation; Follow up presentations
are all presentation to University Hospital Basel in the 365 days after the initial presentation. * Results of logistic regression model, expressed as odds ratios (95% CI); † results
of Poisson regression model, expressed as inference rate ratios (95% CI); ‡ results of log-transformed linear regression model, expressed as geometric mean ratios (95% CI); §
results of linear regression model, expressed as estimates (95% CI)
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Figure S1: Results of group comparison between EMS referral and walk-in patients for mean disease severity ratings. Comparison of mean
disease severity ratings (DSR) between EMS referral and walk-in patients of: (A) emergency physicians, (B) emergency nurses, (C) patients,
and (D) patient’s proxies between EMS referral and walk-in patients. * p <0.001; NS = nonsignificant.
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