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Patients in a University Hospital ED: A Retrospective
Registry Study from Southwest Finland

Aleksi Kasvil?* Timo Iirola® Hilla Nordquist*®
Mika Kortelainen!®

Abstract

Background: Emergency medical services (EMS) increasingly convey patients
with non-urgent conditions to emergency departments (EDs), contributing to pres-
sure on acute care systems. In many settings, patients classified as low-acuity in
the prehospital phase represent a substantial proportion of ED arrivals. This study
examined characteristics and ED management patterns among low-acuity EMS
conveyances to a university hospital ED in Southwest Finland.

Methods: This retrospective registry-based cohort study used linked EMS
and hospital data from 2019 to 2023. [Low-acuity patients were defined as mis-
sions with a final urgency category D after on-scene EMS reassessment. In total,
34,898 category D conveyances to the university hospital ED were identified. Mul-
tivariable logistic regression analyses focused on the four most common conveyance
categories—decrease inn common general condition, fall, patient transport, and men-
tal disorder—comprising 21,048 complete-case missions. Outcomes included labo-
ratory testing, imaging, medication administration, and inpatient admission. As-
sociations with age (>70 vs <70 years), sex, night-time (vs daytime), and weekend
(vs weekday) were examined.

Results: Older age was associated with higher odds of diagnostic testing in
several conveyance categories. The largest age-related odds ratios were observed in
mental disorder conveyances, in which age >70 years was associated with higher
odds of imaging (odds ratio [OR] 5.00, 95% confidence interval [CI] 3.68; 6.79) and
laboratory testing (OR 4.62, 95% CI 3.59; 6.00). Night-time conveyance was as-
sociated with lower odds of medication administration across all four conveyance
categories and with lower odds of imaging in three categories. In the decrease in
common general condition subgroup, night-time conveyance was associated with
lower odds of laboratory testing (OR 0.41, 95% CI 0.30; 0.56). In the patient
transport subgroup, night-time conveyance was associated with higher odds of in-
patient admission (OR 1.49, 95% CI 1.27; 1.74). Associations with sex and weekend
conveyance varied across categories.

Conclusions: ED management of low-acuity EMS patients varies by age, sex,
time of conveyance, and conveyance category. These findings suggest that down-
stream hospital care for low-acuity EMS patients is shaped not only by patient
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characteristics but also by temporal and organizational factors. Linked prehos-
pital and hospital registry data can provide system-level evidence to support the
development of more appropriate acute care pathways.

Keywords: emergency medical services; emergency department; low-acuity; after-hours
care; prehospital care; registry-based study

1 Introduction

Emergency medical services (EMS) play a central role in the organization of acute care
systems. In many high-income countries, EMS demand has increased in recent decades,
and a substantial proportion of missions involve patients with low-acuity conditions who
may not require specialist emergency department (ED) care [1-3]. Registry-based stud-
ies from Nordic and other high-income settings have shown that a considerable share of
EMS contacts, including both conveyed and non-conveyed patients, involve non-critical
or lower-acuity presentations, raising questions about the optimal destination, triage
level, and subsequent use of hospital resources for these patients [4-7]. Although the
term “low-acuity” is widely used in the international literature, definitions vary between
health systems and are typically operationalized using routinely collected clinical or ad-
ministrative data [8].

At the same time, EDs worldwide face persistent crowding and operational strain, includ-
ing prolonged boarding, access block, and resource constraints [9, 10]. Boarding of ad-
mitted patients in the emergency departrient Lias been identified as a major system-level
driver of crowding, associated with delays 11 care, increased lengths of stay, and adverse
patient outcomes [10]. System-level factors such as staffing, hospital configuration, and
time of arrival have been associated with variation in care processes and outcomes in
acute care settings, including trauma populations [11, 12]. These structural features may
influence diagnostic testing and treatment patterns independently of patient-level clinical
severity.

Low-acuity EMS conveyances are particularly relevant in this context. Previous studies
have examined redirection or alternative care pathways for selected low-acuity patients
and have highlighted the complexity of prehospital referral decisions and the potential risk
of misclassifying time-sensitive conditions [13, 14]. Demographic and temporal factors,
including age, sex, and time of arrival, have been associated with differences in ED pro-
cesses, including the length of stay [15]. Registry-based linkage studies have shown that
prehospital dispatch characteristics, age, and the time of arrival are independently asso-
ciated with hospital admission versus discharge following EMS transport [16]. However,
despite growing interest in EMS utilization and ED crowding, studies directly linking
prehospital classification to downstream emergency department diagnostic testing and
treatment patterns within the same episode of care remain limited. Linking EMS and
hospital data at the mission level enables the direct evaluation of how prehospital ur-
gency classification and conveyance decisions are associated with subsequent emergency
department management, an interface that remains underexamined in the literature.

This study extends a previously published pilot study from Southwest Finland [4] by
analyzing five years of linked registry data from EMS and hospital records. We examine
patients classified as low-acuity in the prehospital setting and assess whether demographic



factors and time of conveyance are associated with differences in ED diagnostic testing,
medication administration, imaging, and inpatient admission.

The study was conducted in a regional system in which, during the study period, two of
three local emergency departments were closed overnight, with out-of-hours emergency
care concentrated at the university hospital. This organizational structure provides a
natural setting to explore how timing and patient characteristics interact and shape ED
management patterns.

By analyzing treatment patterns within defined EMS conveyance categories, this study
aims to provide system-level evidence on how low-acuity EMS patients are managed after
ED arrival. Rather than assessing the appropriateness of individual visits, the objective
is to identify structured patterns of variation in ED management that may inform the
development of more suitable and efficient care pathways.

1.1 Overview of the healthcare system of the study region

The study was conducted in an area served by one university hospital (Turku University
Hospital, TYKS) and three local hospitals with varying emergency department opening
hours. TYKS operates as a 24/7 tertiary emergency care center and receives the most
critically ill patients. Core emergency department services, including laboratory testing
and imaging, were available at TYKS throughout the day and night during the study
period. According to regional EMS protocols, high-acuity patients are conveyed directly
to the university hospital, whereas low-acuity patients should be conveyed to the nearest
appropriate local hospital when clinically {easible. In the Turku urban area, the university
hospital also serves as the local hospital for hospital-level care, and patients are conveyed
there when their care needs exceed priinary healthcare capacity. EMS units operate across
both urban and rural areas. Figure 1 illustrates the study region, including the locations
of the university hospital and local hospitals within Southwest Finland. Straight-line
distances between local hospitals and Turku University Hospital are shown to provide
the geographic context of the EMS conveyance patterns. The inset map indicates the
location of the study region within Finland and neighboring countries.

Throughout the study period, EMS was provided by advanced-level units staffed by
either two advanced-level paramedics or one advanced-level paramedic and one basic-level
paramedic. The EMS system also included a physician-staffed helicopter EMS (HEMS)
unit and a Finnish Border Guard helicopter. The region had a population of 490,494
(November 2023) and approximately 60,000 EMS missions annually.
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Figure 1: The map illustrates Southwest Finland, highlighting the locations of the univer-
sity hospital (TYKS) and three local hospitals, with straight-line distances between the
local hospitals and TYKS. An inset map shows the position of the study region within
Finland and neighboring countries.



1.2 Description of the data

This study was a retrospective registry-based cohort study conducted in the Wellbeing
Services County of Southwest Finland, following principles consistent with the RECORD
(The REporting of studies Conducted using Observational Routinely Collected health
data) guidelines [17]. The methodological approach builds on a previously conducted
pilot study [4] of low-acuity EMS conveyances in the same region, with modifications and
an expanded dataset covering the years 2019-2023.

EMS mission data were extracted from the EMS electronic patient information system by
the Information Services of the Wellbeing Services County of Southwest Finland. Linked
hospital emergency department records, including diagnostics, treatments, and disposi-
tion, were retrieved from the hospital electronic health record system using deterministic
linkage based on personal identifiers. After linkage, the dataset was pseudonymized and
transferred to a secure research environment for analysis.

During the study period, 68,035 EMS missions were included in the extracted dataset
provided for this study. The dataset was assembled to capture missions relevant to cat-
egory D conveyances and included missions with different initial dispatch priorities. Of
these, 61,572 missions had a final urgency category D after on-scene paramedic reassess-
ment. Among the final category D missions, 58,316 had a recorded transport destination
and were classified as conveyed missions. Of these conveyed final category D missions,
34,898 were conveyed to the university hospital emergency department and formed the
descriptive study cohort, while 23,418 were conveved to other destinations. For analy-
ses of hospital diagnostics and treatments, EMS 1nissions in the descriptive cohort were
deterministically linked to hospital emergency department records. In total, 27,315 mis-
sions were successfully linked to hospital data, whereas 7,583 could not be linked. For
the primary multivariable regression analyses, missions with missing age, sex, or han-
dover time were excluded, yielding a complete-case cohort of 26,515 missions. Of these,
21,048 belonged to the four niost common conveyance categories and were included in
the primary regression analyses. The full inclusion and exclusion process is presented in
Figure 2.

The unit of analysis was an EMS mission. Because individual patients could contribute
multiple missions during the study period, the number of unique patients and the number
of repeated missions were quantified. Sensitivity analyses were performed by restricting
the dataset to one mission per patient to evaluate potential clustering effects.

The dataset included routinely collected structured variables recorded at the point of
care, including patient demographics, EMS conveyance codes, ICPC-2 (International
Classification of Primary Care, Second Edition) diagnostic codes assigned in the pre-
hospital setting, and hospital outcomes, including laboratory testing, diagnostic imaging,
medication administration, and inpatient admission. Implausible or missing values were
addressed during systematic data cleaning.

Within the Finnish EMS system, missions are initially assigned an urgency category by
the emergency dispatch center using a standardized national four-level classification rang-
ing from A (highest urgency) to D (lowest urgency), as defined in the Finnish Ministry
of Social Affairs and Health Decree on Emergency Medical Services (585/2017, §6). The
urgency category reflects the estimated risk to the patient’s vital functions at the time
of dispatch. Category D missions are defined as cases in which the patient’s condition is



considered stable, without disturbances in vital functions, and requiring assessment but
not immediate emergency intervention. These missions are typically conducted without
lights and sirens when clinically appropriate. The urgency category is reassessed on scene
by EMS personnel and may be modified based on clinical evaluation. Previous Finnish
registry-based research has evaluated the accuracy and triage performance of dispatch
priority classifications within this system [18]. In the present study, low-acuity EMS pa-
tients were defined as missions that retained urgency category D after on-scene paramedic
reassessment and were conveyed to the university hospital emergency department.

EMS conveyance codes and ICPC-2 classifications describe different aspects of the same
encounter. Conveyance codes are operational classifications used to document the pri-
mary reason for conveyance and reflect the prehospital categorization at the time of
decision-making. The conveyance code “patient transport” refers to an interfacility trans-
fer initiated by a physician, typically requested via the emergency dispatch center (112),
in which the primary purpose of the mission is patient transfer rather than a response to
a new emergency event. When assigned urgency category D, such missions are considered
non-urgent and are operationally targeted so that the patient is reached by EMS within
approximately two hours of the request, consistent with other category D missions in the
Finnish EMS system. ICPC-2 codes describe the main underlying health problem iden-
tified during the encounter. Because these systems serve different purposes, they do not
correspond one-to-one. Primary analyses were based on EEMS conveyance codes, while
sensitivity analyses incorporated ICPC-2 diagnostic categories.
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Adult EMS missions (>18 years) during 2019-2023 were included in the extracted
EMS dataset provided for this study. Of the 68,035 extracted missions, 61,572 had
final urgency category D after on-scene reassessment by EMS personnel. Among these,
58,316 had a recorded transport destination and were classified as conveyed missions.
Of the conveyed final category D missions, 34,898 were conveyed to the university
hospital emergency department and formed the descriptive cohort, while 23,418 were
conveyed to other destinations. After deterministic EMS—ED linkage, 27,315 missions
had hospital data available, whereas 7,583 could not be linked. An additional 800
linked missions were excluded because of missing age, sex, or handover time, yielding
a complete-case cohort of 26,515 missions. Of these, 21,048 belonged to the four most
common conveyance categories and were included in the primary regression analyses,
while 5,467 were excluded as they belonged to other conveyance categories.

Figure 2: Flowchart of data sources, linkage, and cohort selection.



1.3 Statistical methods

Descriptive statistics were used to summarize patient characteristics across EMS con-
veyance categories. Frequencies and percentages were calculated for conveyance code
groups and sex distribution. Continuous variables, including age, were summarized using
means and standard deviations. Percentages by sex were calculated using only cases with
known binary sex coding, whereas the total mission counts included all cases.

Multivariable logistic regression models were constructed to examine associations between
demographic and temporal variables and the likelihood of receiving laboratory testing,
medication administration, diagnostic imaging, or inpatient admission. The independent
variables included age group (70 years and older versus younger than 70 years), sex, time
of day (night versus day), day type (weekend versus weekday), and the EMS conveyance
group, with a decrease in common general condition serving as the reference category. Pri-
mary regression analyses were restricted to the four most common conveyance categories:
decrease in common general condition, fall, patient transport, and mental disorder.

The time of day was defined according to the patient handover time from EMS to hospital,
with daytime defined as 06:00-17:59 and night-time defined as 18:00-05:59. The day type
was classified as weekday (Monday through Friday) or weekend, with Saturdays, Sundays,
and national public holidays treated as weekends. Results are presented as odds ratios
with 95% confidence intervals.

Because multiple regression models were estimated across outcomes and conveyance
groups, p-values were adjusted using the Benjamini-Hochberg procedure to control the
false discovery rate at 5% [19]. The correction was applied across the full set of regression
coefficient tests reported from all multivariable models combined. As a sensitivity anal-
ysis, a Bonferroni correction [20] was applied across the same family of tests to evaluate
the robustness of statistically significant findings under a more conservative multiplicity
adjustment. As expected, the Bouferroni correction resulted in fewer statistically signif-
icant coefficients than the Benjamini—-Hochberg procedure; however, the overall pattern
and direction of the associations remained consistent.

Several additional sensitivity analyses were conducted to assess robustness. Age was
evaluated both as a dichotomous variable (> 70 vs < 70 years) and as a continuous
predictor to examine the impact of categorization. Model fit was compared using the
Akaike Information Criterion (AIC), defined as —2log L + 2k, where L is the maximized
likelihood and k the number of estimated parameters [21]; lower values indicate improved
relative model fit. Analyses were repeated using a single mission per patient to assess
the potential influence of repeated observations from the same individual. In addition,
subgroup models were re-estimated with additional adjustment for the ICPC-2 diagnostic
category to evaluate potential residual confounding by presenting complaint. Differences
in model fit between the base and ICPC-adjusted models were assessed using AIC and
interpreted as relative measures of fit rather than formal hypothesis tests.

All analyses were performed using R (version 4.3.3; R Foundation for Statistical Com-
puting, Vienna, Austria).



2 Results

2.1 Characteristics of patients conveyed to the ED
2.1.1 Reasons for EMS conveyance to the university hospital ED

In total, 34,898 urgency category D EMS conveyances to the university hospital ED were
identified (Table 1). The mean age of the conveyed patients was 67.1 years (SD 21.7),
and 52.7% were female.

The most common reasons for EMS conveyance were decrease in common general condi-
tion (30.0%, n = 10,455), patient transport (17.0%, n = 5,950), fall (17.0%, n = 5,934),
and mental disorder (13.3%, n = 4,644). Other category D reasons accounted for 22.7%
(n = 7,915) of conveyances.

Patients conveyed for decrease in common general condition and falls were older than
those in the other conveyance categories, whereas mental disorder conveyances involved
younger patients. Patient transport conveyances showed an intermediate age distribution.

The sex distribution was broadly similar across conveyance categories, with only modest
variation between groups.

Table 1: Urgency category D EMS conveyances to the nniversity hospital ED by con-
veyance reason (N = 34,898).

Conveyance reason n % Mean age SD Femalen Malen Missing sex Female %
Total 34,898 100.0 67.1 21.7 18,200 16,319 379 52.7
Decrease in common general condition 10,455  30.0 75.6 15.8 5,502 4,902 51 52.9
Fall 5934 170 74.2 18.1 3,279 2,619 36 55.6
Mental disorder 4,644 133 42.8 19.4 2,401 2,232 11 51.8
Patient transport 5,950 17.0 68.9 19.2 2,892 2,849 209 50.4
Other category D reasons 7,915 22.7 63.5 22.7 4,126 3,717 72 52.6
Note: Percentages are calculated using the full cohort (N = 34,898). Female percentages were calculated among cases

coded as female or male in the original registry. Missing sex includes cases where sex was not recorded in the registry.

2.1.2 ICPC-2 presentations

ICPC-2 codes assigned during EMS care showed a broad range of clinical presentations
(Table 2). The most common code was A04 (weakness/tiredness, general), accounting
for 13.3% (n = 4,657) of conveyances. Other frequent codes included P76 (depressive
disorder, 6.8%, n = 2,366), A29 (general symptom/complaint, other, 6.6%, n = 2,319),
and A03 (fever, 5.7%, n = 1,990).

Several high-frequency codes reflected nonspecific medical symptoms commonly observed
in older adults, including A04, A29, A03, R83, and L13. In contrast, psychological
presentations such as P76 and P98 were more common among younger patients.

The sex distribution also varied across ICPC-2 categories. For example, L13 (hip symp-
tom/complaint) had a relatively high proportion of female patients (65.6%), whereas A03
(fever) had a lower female proportion (42.9%).



Table 2: Most common ICPC-2 codes among urgency category D EMS conveyances to
the university hospital ED (N = 34,898).

Code Definition n % Mean age SD Femalen Male n Female %
A04  Weakness/tiredness, general 4,657 13.3 77.9 13.8 2,514 2,116 54.3
P76  Depressive disorder 2,366 6.8 40.6 18.9 1,253 1,104 53.2
A29  General symptom/complaint, other 2,319 6.6 76.4 15.7 1,241 1,060 53.9
A03  Fever 1,990 5.7 76.1 14.8 849 1,129 42.9
S18  Laceration/cut 1,540 4.4 63.4 24.5 758 773 49.5
P98  Psychological symptom/complaint, other 1,324 3.8 46.7 18.8 614 706 46.5
R83  Respiratory infection, other 1,137 3.3 72.7 17.5 560 571 49.5
D01 Abdominal pain/cramps, general 1,130 3.2 65.2 20.8 640 479 57.2
L13  Hip symptom/complaint 974 2.8 81.1 11.1 630 330 65.6
N80 Head injury, other 974 2.8 70.7 19.9 470 500 48.5

Note: Percentages were calculated using the full cohort (N = 34,898). Female percentages were calculated among cases
coded as female or male in the original registry.

2.2 Emergency department diagnostics and treatments

Table 3 presents the multivariable associations between patient characteristics, con-
veyance timing, EMS conveyance group, and emergency department diagnostics and
treatments. Descriptive analyses were based on the full university hospital emergency
department cohort (n = 34,898), whereas multivariable regression analyses were based
on the linked complete-case cohort (n = 26,515) and restricted to the four most common
conveyance categories (n = 21,048).

Age >70 years was associated with higher odds of laboratory testing, medication admin-
istration, and imaging. In contrast, age >70 years was associated with lower odds of
inpatient admission.

Night-time conveyance was associated with lower odds of laboratory testing, medication
administration, and imaging. For inpatient admission, the association was in the opposite
direction, with higher odds observed at night.

Weekend conveyance was associated with higher odds of imaging, whereas associations
with laboratory testing, medication administration, and inpatient admission were not
statistically significant after adjustment.

Compared with conveyances due to decrease in common general condition (reference
category), fall and mental disorder conveyances were associated with lower odds of lab-
oratory testing. Fall conveyances were associated with higher odds of imaging, whereas
mental disorder and patient transport conveyances were associated with higher odds of
medication administration and inpatient admission.

Subgroup-specific regression models are presented in Additional File 1, Tables 1-4. Base
and [CPC-adjusted subgroup models are shown in Additional File 1, Tables 5-8, and
model fit comparisons using AIC are provided in Additional File 1, Table 9.

2.2.1 Decrease in common general condition (n = 9,480)

Among conveyances due to a decrease in common general condition, age > 70 years
was associated with higher odds of laboratory testing (OR 1.49 (1.06; 2.06)), medication
administration (OR 1.61 (1.46; 1.78)), and imaging (OR 1.72 (1.56; 1.90)), but lower odds
of inpatient admission (OR 0.84 (0.73; 0.96)). Female sex was associated with lower odds
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Table 3: Multivariable associations with emergency department treatments in low-acuity
EMS conveyances (N = 21,048)

Outcome Predictor OR (95% CI)  Adj. p (BH)
Laboratory Testing Age >70 years 2.93 (2.66; 3.22) < 0.001
Female 0.94 (0.86; 1.03) 0.187
Night 0.71 (0.65; 0.78) < 0.001
Weekend 1.04 (0.94; 1.15) 0.430
Fall 0.04 (0.04; 0.05) < 0.001
Mental disorder ~ 0.03 (0.02; 0.04) < 0.001
Patient transport 0.11 (0.10; 0.14) < 0.001
Medication Administration Age >70 years 1.32 (1.23; 1.41) < 0.001
Female 1.04 (0.99; 1.10) 0.142
Night 0.44 (0.41; 0.47) < 0.001
Weekend 0.98 (0.92; 1.04) 0.496
Fall .66 (0.61; 0.71) < 0.001
Mental disorder  2.51 (2 25; 2.80) < 0.001
Patient transport 1.73 (1.61; 1.87) < 0.001
Imaging Age >70 years 1.89 (1.76; 2.02) < 0.001
Female 0.89 (0.84; 0.95) < 0.001
Night 0.51 (0.47; 0.54) < 0.001
Weekend 1.11 (1.04; 1.19) < 0.001
Fall 5.28 (4.79; 5.83) < 0.001
Mental disorder ~ 0.10 (0.09; 0.12) < 0.001
Patient transport 1.13 (1.05; 1.22) < 0.001
Inpatient Admission Age >70 years 0.87 (0.80; 0.95) 0.002
Female 0.93 (0.86; 1.00) 0.069
Night 1.15 (1.06; 1.25) < 0.001
Weekend 0.99 (0.91; 1.08) 0.885
Fall 0.67 (0.60; 0.76) < 0.001
Mental disorder — 2.02 (1.77; 2.29) < 0.001
Patient transport 1.80 (1.64; 1.98) < 0.001

Models were adjusted for age group (> 70 years vs < 70 years), sex, night-time (vs day), weekend (vs

weekday), and EMS conveyance group. The reference category for the conveyance group was decrease

in common general condition. Adjusted p-values were calculated using the Benjamini—-Hochberg false
discovery rate procedure.
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of laboratory testing (OR 0.69 (0.50; 0.94)), imaging (OR 0.80 (0.73; 0.87)), and inpatient
admission (OR 0.74 (0.65; 0.84)). Night-time conveyance was associated with lower
odds of laboratory testing (OR 0.41 (0.30; 0.56)), medication administration (OR 0.36
(0.33; 0.39)), and imaging (OR 0.43 (0.39; 0.46)). Weekend conveyance was associated
with higher odds of laboratory testing (OR 1.61 (1.13; 2.34)), whereas no statistically
significant weekend associations were observed for the other outcomes. Detailed subgroup
regression estimates are presented in Additional File 1, Table 1.

2.2.2 Falls (n = 4,652)

Among fall-related conveyances, age > 70 years was associated with higher odds of lab-
oratory testing (OR 3.03 (2.61; 3.51)) and medication administration (OR 1.88 (1.61;
2.20)), but not with imaging or inpatient admission after adjustment. Female sex was
associated with higher odds of medication administration (OR 1.24 (1.09; 1.41)) and
imaging (OR 1.34 (1.12; 1.61)). Night-time conveyance was associated with lower odds
of laboratory testing (OR 0.63 (0.55; 0.72)), medication administration (OR 0.43 (0.38;
0.49)), and imaging (OR 0.47 (0.39; 0.56)). No statistically significant weekend asso-
ciations were observed after adjustment. Complete regression estimates for fall-related
conveyances are shown in Additional File 1, Table 2.

2.2.3 Patient transport (n = 4,885)

Among patient transport conveyances, age > 70 years was associated with higher odds of
laboratory testing (OR 2.59 (2.20; 3.05)) and imaging (OR 2.44 (2.16; 2.75)), but not with
medication administration or inpatient admission. Night-time conveyance was associated
with lower odds of medication administration (OR 0.76 (0.66; 0.87)) and imaging (OR
0.72 (0.63; 0.83)), while higher odds were observed for inpatient admission (OR 1.49 (1.27;
1.74)). Weekend conveyance was associated with higher odds of laboratory testing (OR
1.35 (1.05; 1.75)) and imaging (OR 1.24 (1.04; 1.48)), whereas no statistically significant
weekend associations were observed for medication administration or inpatient admission.
Full subgroup regression results are provided in Additional File 1, Table 3.

2.2.4 Mental disorders (n = 2,031)

Among conveyances for mental disorder, age > 70 years was associated with higher odds
of laboratory testing (OR 4.62 (3.59; 6.00)) and imaging (OR 5.00 (3.68; 6.79)), but lower
odds of medication administration (OR 0.54 (0.43; 0.68)) and inpatient admission (OR
0.66 (0.50; 0.87)). Female sex was associated with lower odds of laboratory testing (OR
0.75 (0.62; 0.90)) and higher odds of medication administration (OR 1.25 (1.03; 1.51)).
Night-time conveyance was associated with lower odds of medication administration (OR
0.43 (0.36; 0.53)), whereas no statistically significant associations were observed for labo-
ratory testing, imaging, or inpatient admission. Weekend conveyance was associated with
higher odds of imaging (OR 1.49 (1.08; 2.03)), while no statistically significant weekend
associations were observed for the other outcomes. Detailed subgroup results for mental
disorder conveyances are presented in Additional File 1, Table 4.
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2.3 Summary of treatment patterns

Across the four most common conveyance categories, age > 70 years was associated
with higher odds of laboratory testing in three categories and with higher odds of imag-
ing in decrease in common general condition, patient transport, and mental disorder
conveyances. The largest age-related associations were observed in mental disorder con-
veyances for laboratory testing and imaging. In contrast, age > 70 years was associated
with lower odds of medication administration and inpatient admission in mental disor-
der conveyances and with lower odds of inpatient admission in the decrease in common
general condition subgroup.

Night-time conveyance was associated with lower odds of medication administration
across all four conveyance categories. It was also associated with lower odds of labora-
tory testing and imaging in most subgroups. For inpatient admission, associations varied
by conveyance category, with higher odds observed at night among patient transport
conveyances and no statistically significant associations in the other subgroups.

Weekend conveyance was associated with different patterns across subgroups. Higher
odds of laboratory testing were observed in decrease in common general condition and
patient transport conveyances, whereas higher odds of imaging were observed in patient
transport and mental disorder conveyances. No statistically significant weekend associa-
tions were observed for inpatient admission.

The overall direction and consistency of these associations across subgroups are summa-
rized in Table 4.

Table 4: Direction of statistically significant associations in subgroup analyses

Factor Outcome Decrease Fall Patient transport Mental disorder

Age > 70 years

Laboratory testing + + + ++
Medication administration + + 0 —
Imaging + 0 + ++
Inpatient admission — 0 0 —
Night-time conveyance
Laboratory testing — — 0 0
Medication administration — — - —
Imaging — — — 0
Inpatient admission 0 0 + 0
Weekend conveyance
Laboratory testing + 0 + 0
Medication administration 0 0 0 0
Imaging 0 0 + +
Inpatient admission 0 0 0 0

Symbols indicate the direction of statistically significant associations in multivariable subgroup models.
+ = higher odds (adjusted OR > 1.0 and < 4.0); ++ = substantially higher odds (adjusted OR > 4.0);
— = lower odds (adjusted OR < 1.0 and > 0.25); —— = substantially lower odds (adjusted OR < 0.25);
0 = no statistically significant association.
Decrease = decrease in common general condition.
Models adjusted for age group (> 70 vs < 70 years), sex, night-time (vs day), and weekend (vs
weekday).
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3 Discussion

This study examined urgency category D EMS conveyances to a university hospital emer-
gency department in Southwest Finland, focusing on the four most common conveyance
categories: a decrease in common general condition, falls, patient transport, and mental
disorders. Together, these categories accounted for a substantial proportion of low-acuity
EMS conveyances. Patients conveyed for a decrease in common general condition and
falls were generally older, whereas mental disorder-related conveyances involved younger
patients. These patterns are consistent with international literature describing a sub-
stantial proportion of EMS activity involving non-critical conditions, as well as evidence
of increasing ambulance demand in several high-income settings [1-3].

Differences in emergency department diagnostic and treatment practices were observed
across demographic groups, time of conveyance, and conveyance categories. Older age
was associated with higher odds of laboratory testing and imaging in several conveyance
categories, with the largest odds ratios observed in mental disorder-related conveyances.
However, older age was not uniformly associated with a greater likelihood of recorded
hospital interventions across all outcomes. In some subgroups, including mental disorder
conveyances, older age was associated with lower odds of medication administration and
inpatient admission. This pattern suggests that the relationship between age and ED
management among low-acuity EMS patients varies across outcomes and may reflect dif-
ferences in case mix, clinical uncertainty, and thresholds for hospital-based intervention.
Previous research has highlighted the vulnerability of older adults discharged from emer-
gency departments, particularly during out-of-hours periods, emphasizing the importance
of careful assessment and discharge planuing for this population [22].

Night-time conveyance was consistently associated with lower odds of medication admin-
istration across all four conveyance categories and with lower odds of laboratory testing
and imaging in most subgroup analyses. Prior research has documented differences in
emergency care processes and outcomes by time of arrival, which have been attributed to
variations in staffing, service availability, and workflow during non-working hours [11, 12].
Although our study was not designed to directly examine these mechanisms, the observed
patterns are consistent with the possibility that structural and organizational factors may
contribute to temporal variation in ED management. These findings should also be in-
terpreted in the context of broader structural pressures affecting emergency departments,
including boarding and access blockage, which may influence patient flows and diagnostic
processes during periods of constrained capacity [10].

In the present setting, regional organizational factors are also likely to have contributed
to the observed patterns. During the study period, two of the three local hospitals in
the region were closed overnight, resulting in the concentration of out-of-hours EMS con-
veyances at the university hospital. Consequently, some patients conveyed at night may
have been redirected from local facilities rather than representing inherently higher-acuity
cases. The lower frequency of diagnostic testing and medication administration observed
during night-time hours may therefore reflect differences in case mix and referral path-
ways related to regional service configuration. At the same time, the association between
night-time conveyance and inpatient admission was not uniform across subgroups and was
higher among patient transport conveyances. This interpretation is consistent with re-
cent Finnish registry-based research demonstrating that measures such as non-conveyance
rates are closely associated with dispatch over-triage at the system level, underscoring

14



how the prehospital urgency classification and organizational structures can shape down-
stream care pathways [23]. Together, these findings suggest that observed variations in
emergency department management may partly reflect upstream triage processes and
regional system organization rather than solely patient-level clinical differences.

Weekend conveyances showed different patterns across subgroups. Higher odds of labo-
ratory testing were observed in some subgroups, including decrease in common general
condition and patient transport conveyances, whereas higher odds of imaging were ob-
served in patient transport and mental disorder conveyances. In contrast, no statistically
significant weekend associations were observed for inpatient admission. These findings
underscore that temporal effects on emergency department processes are not uniform
and are consistent with prior literature describing mixed and context-dependent weekend
effects in acute care systems [11].

Subgroup analyses showed similar overall patterns across conveyance categories in that
the directions of the main associations remained interpretable, although the magnitude
and significance of individual coefficients varied between groups. Including ICPC-2 di-
agnostic categories in the adjusted models attenuated several associations, in some cases
substantially, particularly in the medication administration model for the decrease in
common general condition subgroup, although the overall interpretation remained simi-
lar. Comparisons of model fit showed lower AIC values for most ICPC-adjusted models,
indicating improved relative model fit. These findings suggest that the primary associa-
tions were not solely driven by differences in the presenting complaint and were broadly
stable across model specifications.

The relatively low frequency of diagnostic testing and treatment observed in certain
conveyance categories, particularly among vounger patients and selected mental health
presentations, highlights the heterogeneity within low-acuity EMS populations and raises
questions regarding optimal care pathways. Previous studies have demonstrated that
structured pre-dispatch triage aund telephone-based assessment models can reduce non-
urgent EMS missions without compromising short-term patient safety, suggesting poten-
tial opportunities for system-level demand management strategies [24]. While some low-
acuity EMS patients may benefit from emergency department evaluation, others may be
more appropriately managed through alternative assessment or redirection pathways de-
signed to reduce reliance on tertiary emergency departments. Observational studies have
shown that alternative care pathways for selected low-acuity patients are feasible and safe
when supported by structured triage and risk-stratification processes [13]. From a pa-
tient safety perspective, prior reviews and registry-based studies of EMS non-conveyance
emphasize the importance of structured decision-making frameworks and careful risk as-
sessment to minimize adverse events [7, 14, 25|. However, the variation observed within
and between the conveyance categories in the present study underscores the need for
careful patient selection before implementing structural changes to care pathways.

To assess potential selection bias related to the analytic sample, we compared the char-
acteristics of missions included in the multivariable analyses with those excluded (Addi-
tional File 1, Tables 10 and 11). The included cohort was older on average and consisted
exclusively of the four most common conveyance categories, whereas the excluded co-
hort contained a higher proportion of other category D conveyance reasons and missions
with incomplete linkage or missing covariate data. Differences were also observed in the
distribution of selected ICPC-2 codes. These findings indicate that the analytic sam-
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ple represents a more selected subset of low-acuity EMS conveyances, which should be
considered when interpreting the generalizability of the regression results.

A key strength of this study is the linkage of EMS and emergency department registry data
at the mission level. While prior studies have examined EMS utilization, conveyance, and
non-conveyance outcomes, fewer have used linked mission-level EMS and hospital data to
examine how prehospital classification relates to downstream ED diagnostic testing and

treatment. By linking these data sources, the present study provides an integrated view
of the EMS-ED interface.

4 Limitations of the study

This study has several limitations. The retrospective design relies on routinely collected
EMS and hospital registry data, which limits control over data completeness and accu-
racy. Missing or mis-coded variables, particularly timestamps and diagnostic fields, may
introduce information biases that affect subgroup classification and the measurement of
treatment outcomes. Because the treatment variables were derived from structured reg-
istry fields, potential misclassifications were more likely to result in underestimation than
overestimation of treatment rates.

Using EMS conveyance codes as the primary grouping variable also introduces conceptual
limitations. Conveyance codes are operational classitications that reflect the reason for
the conveyance or the conveyance decision itselt, whereas ICPC-2 classifications aim to
describe the underlying health problem identified during the encounter. These coding sys-
tems do not correspond one-to-one. For examiple, falls may reflect trauma, acute medical
deterioration, or functional decline, and the “patient transport” category includes inter-
facility transfers with heterogeneous clinical indications. Although this heterogeneity
may attenuate within-group associations, it reflects real-world prehospital documenta-
tion and operational decision-making. Importantly, emergency department diagnostics
and treatment decisions were based on hospital clinical assessment rather than EMS con-
veyance codes, reducing the likelihood that prehospital categorization directly influenced
in-hospital management.

Hospital interventions were recorded only as binary indicators without detailed informa-
tion on clinical findings, diagnostic results, the content or complexity of treatment, or
appropriateness. The analysis therefore captures whether an intervention occurred but
cannot assess its clinical justification, quality of care, or longer-term patient outcomes
beyond admission status.

A deterministic linkage between EMS and hospital datasets may have failed in cases
of incomplete identifiers or repeated visits, leading to the exclusion of some missions
from hospital-based analyses. Residual selection bias cannot therefore be excluded. In
addition, comparisons between missions included in the multivariable analyses and those
excluded (Additional File 1, Tables 10 and 11) showed systematic differences in age
and conveyance category distribution. The included cohort was older on average and
comprised only the four most common conveyance categories, whereas the excluded cohort
contained a higher proportion of other category D conveyance reasons. These findings
indicate that the regression sample represents a selected subset of the overall cohort and
should be considered when interpreting the generalizability of the results.
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The findings reflect one regional EMS system and its associated hospital network. EMS
dispatch protocols, staffing models, hospital capacity, and availability of alternative care
pathways vary between regions and countries, and generalizability to other healthcare
systems should therefore be interpreted with caution.

Although multivariable logistic regression models were adjusted for age, sex, time of day,
and day type (weekday versus weekend), important confounders, including clinical sever-
ity beyond urgency category, comorbidity burden, prior healthcare utilization, and social
determinants of health, were not available in the registry data. Residual confounding
may therefore influence the observed associations. In addition, some subgroup and sen-
sitivity models, particularly those adjusted for ICPC-2 category, may have been affected
by sparse cells in specific outcome strata, which may have reduced the precision of some
estimates.

5 Conclusions

This registry-based cohort study demonstrates that patient characteristics, time of con-
veyance, and conveyance category are associated with variation in emergency department
diagnostic testing and treatment among low-acuity EMS conveyances. In particular, age-
related differences were not uniform across outcomes. and night-time conveyance was
associated with lower odds of several diagnostic and treatment measures in most sub-
groups. These findings indicate that management patterns for low-acuity patients are
shaped not only by clinical factors but also by structural and temporal features of the
emergency care system.

By linking EMS and hospital registry data over a five-year period, this study provides an
overview of how low-acuity patients are managed after ED arrival. The results suggest
that a subset of conveyed patients receive limited diagnostic or therapeutic interventions,
underscoring the importance of evaluating whether current conveyance pathways align
optimally with patient needs, particularly in regions with centralized emergency care
models. Further research examining patient outcomes after ED visits, including repeat
EMS contacts and subsequent healthcare utilization, is needed to support the safe and
evidence-based development of alternative care pathways.
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