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Abstract

Background: Increasing hospitalization rates present unique challenges to manage limited inpatient bed capacity
and services. Transport by paramedics to the emergency department (ED) may influence hospital admission
decisions independent of patient need/acuity, though this relationship has not been established. We examined
whether mode of transportation to the ED was independently associated with hospital admission.

Methods: We conducted a retrospective cohort study using the National Ambulatory Care Reporting System
(NACRS) from April 1, 2015 to March 31, 2020 in Ontario, Canada. We included all adult patients (218 years) who
received a triage score in the ED and presented via paramedic transport or self-referral (walk-in). Multivariable binary
logistic regression was used to determine the association of mode of transportation between hospital admission,
after adjusting for important patient and visit characteristics.

Results: During the study period, 21,764,640 ED visits were eligible for study inclusion. Approximately one-fifth
(18.5%) of all ED visits were transported by paramedics. All-cause hospital admission incidence was greater when
transported by paramedics (35.0% vs. 7.5%) and with each decreasing Canadian Triage and Acuity Scale level.
Paramedic transport was independently associated with hospital admission (OR = 3.76; 95%(C/ = 3.74-3.77), in
addition to higher medical acuity, older age, male sex, greater than two comorbidities, treatment in an urban
setting and discharge diagnoses specific to the circulatory or digestive systems.

Conclusions: Transport by paramedics to an ED was independently associated with hospital admission as the
disposition outcome, when compared against self-referred visits. Our findings highlight patient and visit
characteristics associated with hospital admission, and can be used to inform proactive healthcare strategizing for
in-patient bed management.
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Background

Hospital admissions have increased steadily over the past
10 years in Ontario, Canada [1]. High hospital bed occu-
pancy inhibits emergency department (ED) throughput
and has a direct downstream impact on the quality and
timeliness of emergency care provided [2]. Hospital
inpatient units have become increasingly congested and
overburdened alongside increased patient complexity
and occupancy loads [3, 4]. Ontario’s number of in-
patient hospital beds have remained relatively the same
over the past decade; the lowest of all Canadian prov-
inces when measured in beds per capita (1.4 per 1000)
[5]. Ontario’s yearly admissions now account for nearly
half of all hospital admissions in Canada, despite being
38.7% of the national population [1, 6]

Understanding the factors that influence disposition
decision-making may be important to reduce admis-
sions. Higher admission rates are associated with older
age, higher triage acuity, male sex, and certain chronic
diseases (end-stage renal disease, chronic renal disease,
congestive heart failure) [7-12]. While medical acuity
and clinical conditions are the primary predictors of
admission, additional non-medical characteristics
(i.e., inadequate access to primary care, socioeco-
nomic status, family member influences) may also
contribute [13, 14].

Paramedic transport to ED has been established as a
potential factor that influences ED disposition decisions,
though extant literature has limited generalizability given
heterogeneity in the magnitude of association, patient
characteristics (e.g., age, non-urgent visits) used to adjust
the association, and different models of care found be-
tween individual hospitals and jurisdictions [8-10, 15, 16].
As demands for paramedic utilization steadily increase in
Ontario, [17, 18] a population-based analysis of patient
characteristic associations with hospital admission is war-
ranted to improve the precision of this relationship, and
provide region-specific data for health system planning
which is currently lacking in Ontario.

Our objective was to determine if an association exists
between the mode of ED transportation (ambulance
versus self-referral) and hospital admission using
population-based data in Ontario, Canada. We hypothe-
sized that the mode of transportation would have greater
odds of hospital admission, after controlling for relevant
patient and hospital characteristics.

Methods

Study design

We conducted a population-based retrospective cohort
study by analyzing administrative ED records from the
National Ambulatory Care Reporting System (NACRS)
database. The STROBE statement was followed for
reporting of results (Additional file 1) [19].
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Population

All adult patients aged (>18 years) triaged in an Ontario
ED and arriving by either paramedic transport or self-
referral were included. We excluded patients who were
not triaged by hospital staff (registered but left prior to
triage), as hospital admission is not possible in this
cohort and represent a very small and distinct cohort of
patients. Furthermore, patients were excluded if their
mode of transportation included any air ambulance
transportation. ED visits that did not result in a dis-
charge or admission from the ED were excluded (ie.
dead on arrival, triaged but left prior to physician assess-
ment), as these outcomes are not relevant to the studies
objective. Data for this study represents a population-
based view of ED use and paramedic transport. No sam-
pling methods were required, all records meeting eligi-
bility criteria were included to minimize bias.

Data sources

Data were extracted from the NACRS dataset, housed in
the Institute for Clinical Evaluative Sciences (IC/ES), on
eligible patients who visited an ED in Ontario between
April 1, 2015 to March 31, 2020. This timeframe
represents the most recently available five-year period
prior to the COVID-19 pandemic, when paramedic and
hospital utilization may have changed [20]. NACRS is a
hospital and community-based ambulatory care adminis-
trative database that collects all patient visit data at the
time of service [21, 22]. IC/ES is a non-profit, independ-
ent corporation that supports the study of health service
and population-wide outcomes in Ontario using admin-
istrative databases.

Variables and measurement

All patient characteristics included in this study were
measured and recorded at the time of ED registra-
tion and selected based on the prior literature, clin-
ical judgement and data availability. Characterises
included sex, age, access to primary care, triage acu-
ity, comorbidities, primary diagnostic category, ED
geographic location, ED visit outcome, and repeat
ED visits within 30days. Variables were collapsed
into ordinal and nominal categories to facilitate
model stability when data were non-continuous and
truncated (i.e., <5% per cell of cohort).

Patient age was originally extracted as a twenty-level
categorical variable, due to personal health information
privacy restrictions. Age was further collapsed into three
categories to parallel major age progressions (18-39,
40-64, 65-105 years). Access to primary care was re-
corded at the time of visit as the identifying physician
overseeing the majority of primary healthcare. Data were
also collected on population density, and classified as
urban or rural.
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Triage acuity was assigned by the ED triage nurse
following ED registration, not by a paramedic, using the
Canadian Triage and Acuity Scale (CTAS). CTAS is an
ordinal scale that ranges from one to five, with a score
of one indicating the most emergent (resuscitation) and
five the least urgent (non-urgent) [23]. Triage acuity was
condensed into three categories, similar to prior ED
studies in Canada, [24] as CTAS score one (0.8%) and
five (4.9%) are relatively infrequent: scores of one and
two were grouped as ‘emergent’, scores of three as ‘ur-
gent’, and scores four and five grouped as ‘non-urgent’.

Main diagnoses were assigned by an attending ED
physician and recorded using the International Statistical
Classification of Diseases and Related Health Problems,
10th revision (ICD-10). Comorbidities were recorded as
pre-existing diagnoses at time of ED visit and included
hypertension, diabetes, chronic obstructive pulmonary
disease, asthma, rheumatoid arthritis, congestive heart
failure, bowel disease, and cancer.

Statistical analysis

Descriptive statistics were reported using measures of
frequency and proportions and stratified between modes
of transportation (paramedic and self-referral). Multivar-
iable binary logistic regression was used to calculate the
association between the mode of transportation and
hospital admission status, after adjusting for age, sex, tri-
age acuity, comorbidity count, population density, repeat
ED use, and the presence of system-specific disease
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condition. Results were reported as crude and adjusted
odds ratios to show independent associations of each
characteristic, alongside corresponding 95% confidence
intervals (CI). Data were managed and analyzed in R
software (v.3.6). Missing data was scant (< 1%) and han-
dled using pairwise deletion.

Results

Our cohort contained 21,764,640 adult patients present-
ing to an Ontario ED. The cohort yielded 4,031,543
(18.5%) patients transported by paramedics and
17,733,097 (81.5%) patients self-referred to ED. The flow
of patients used to construct the cohort and reasons for
exclusion are displayed in Fig. 1. Overall, 96.5% of the
initial NACRS population was incorporated in this
study’s cohort.

In this cohort, 12.6% (2,748,487) of all patients were
admitted to the receiving hospital from ED, of which
51.4% (1,411,377) were transported by paramedics and
48.6% (1,337,110) by self-referral. The majority patients
were: female, not assigned an emergent triage score,
sought ED care at an urban facility, and did not return
to the ED within 30 days. Notable patient characteristics
differences were noted between the two modes of trans-
portation in age group, acuity, diagnostic categorization,
and visit outcome.

The majority of patients transported by paramedics were
in the oldest age group (65 to 105 years, 53.3%). Non-
emergent acuities constituted the smallest categorization of

-

Recorded adult visits in the NACRS database
for emergency departments in Ontario

Excluded

ED visit disposition outcome of discharged or
admitted
n=21764 640

v v

Ambulance to ED Self-referral to ED
n=4031543 n=17 733097

n =22 564758
Excluded
v *Missing triage n = 45 225
Patients assigned a CTAS score
n=22519533
Excluded
v *Air ambulance n =2 374
Ambulance and self-referral as mode of *Both air & ground ambulance n = 8 021
transportation
n=22509 138

*Registered, triaged, assessed, left without being treated n = 59 560

v *Registered, triaged, assessed, treatment initiated, left against med. advice n =78 091
*Transfer to another acute care facility directly from ED n = 195 436

*Transfer to another non-acute care facility directly from ED n =36 222

*Death on or after arrival n =1 450

eIntra-facility transfer to clinic or day surgery n =73 755

| *Transfer to residential care n = 63 309

*Transfer to supportive living n = 105 295

+All other visit dispositions n = 131 380

Fig. 1 Flow diagram of patient inclusion for study of Ontarians assessed in the ED based on mode of transportation
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patients for paramedic transport (8.6%), while emergent
was the smallest for self-referral (18.9%). Differences were
noted between paramedic transport and self-referral in
main diagnoses of mental and behavioural disorders (9.0,
3.7%), diseases of the circulatory system (7.7, 3.7%), diseases
of the skin and subcutaneous tissue (1.1, 4.5%), and diseases
of the musculoskeletal system and connective tissue (4.6,
8.1%). A comprehensive list of descriptive patient and visit
characteristics are displayed in Table 1.

Overall, 35% of patients transported by paramedics
following a 9-1-1 emergency call were admitted to
hospital compared with 7.5% of patients who self-
referred to ED. Rates of hospital admission were
higher when patients were transported by paramedics
across all acuity scores. A line graph of admission
rates for each CTAS acuity, by mode of transporta-
tion, is shown in Fig. 2.

Unadjusted and adjusted logistic regression models for
hospital admission are shown in Table 2. Patients trans-
ported by paramedics were independently associated
with hospital admission, after adjusting for clinically
relevant factors (OR =3.76, 95% CI =3.74—3.77). Older
age (40-64 years, OR = 1.57; 95% CI = 1.56—1.58; 65—105
years, OR =3.29, 95% CI=3.28-3.31), male sex (OR=
1.16, 95% CI=1.16-1.17), emergent acuity (OR =10.59,
95% CI=10.52-10.66), urgent acuity (OR =4.26, 95%
CI=4.23-4.29), more than two comorbidities, and at-
tending an urban institution (OR =1.13, 95% CI=1.12—
1.13), were also found to be significantly associated with
hospital admission in our regression model.

Two main diagnostic categorizations were associated
with hospital admission, including diseases of the
circulatory system (OR =1.21, 95% CI=1.20-1.22) and
diseases of the digestive system (OR=1.63, 95% CI=
1.62-1.64) with mental and behavioural disorders as
the reference category. The area under the receiver
operating characteristic curve (AUC) was 0.86, infer-
ring this adjusted model is an excellent classifier to
identify patient characteristics associated with hospital
admission [25].

Discussion

Interpretation

Hospital admission subsequent to an ED visit was inde-
pendently associated with paramedic transport after
adjusting for important patient and visit characteristics.
Characteristics of the male sex, older age groups, having
a higher medical acuity, more than two comorbidities,
seeking medical attention at an ED in an urban setting,
and main diagnostic categories of the circulatory system
and digestive system were also associated with admission
in a population-based model. Of all patients admitted to
Ontario hospitals from the ED, 51.4% were transported
by paramedics compared against 48.6% for self-referral,
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despite self-referral composing much higher ED visit inci-
dence in the population (81.5%). Paramedic transported
patients had a higher probability of being admitted com-
pared to self-referral (35.0% vs., 7.5%), and had higher
probabilities of admission at each ordinal level of CTAS
medical acuity.

The results of our study build on previous literature
that analyzed the association between paramedic trans-
port and hospital admission which were limited by
small sample sizes and dated samples [8, 10, 15]. Our
adjusted characteristics were consistent with the litera-
ture, finding older age groups and higher acuity are sig-
nificant predictors of hospital admission [9, 11, 12].
The proportion of patients transported by paramedics
that were admitted agrees with Canadian literature that
studied the effects of paramedic utilization on hospital
outcomes [26].

The underlying rationale for this relationship be-
tween paramedic transport and hospital admission is
uncertain. A combination of clinical and non-clinical
factors may compound with paramedic transport to
influence disposition decision-making, when charac-
teristics of patients transported are known to be
higher in acuity and older compared with self-referred
patients, as described in this study. Although an inde-
pendent association between hospital admission and
patients transported by paramedics was observed,
other important outcomes such as frailty, formal sup-
port in the community (i.e., home care) and previous
ED utilization were not studied. Further research is
required to fully understand the impact of mode of
transportation on hospital admission, and should in-
corporate additional potentially influential clinical and
non-clinical characteristics to gain a better under-
standing of contextual factors influencing this rela-
tionship. Evidence of this association could inform
and instigate future study concerning paramedic scope
of practice and their associated implications on pa-
tient outcomes and hospital metrics. Research in
paramedicine prioritizes study of emergent medical
conditions and does not readily study patients with
low medical acuities, an informative element of our
analysis. Thus, our study contributes novel evidence
to describe downstream implications of paramedic
utilization on patient outcomes after hospital transfer
of care, a result that is important to patients, clini-
cians and policymakers.

As paramedic utilization demands continue grow in
Ontario, hospital admissions may also increase, which
could further escalate hospital inpatient workloads and
bed scarcity. The growing age cohort of complex older
persons also increases the incidence of delayed-
discharge, commonly referred to as alternate level of
care (ALC) in Canada, further impeding hospital
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Table 1 Characteristics of patients assessed in the emergency department, by mode of transportation to emergency department,

Ontario, Canada, April 1, 2015 to March 31, 2020

Characteristic

Paramedic Transport (n, %)

n =4,031,543

Self-referral (n, %)
n=17,733,097

Sex
Male
Female
Age, years
18-39
40-64
65-105
Access to primary care
Family physician
Other physician classification
None
Unreported
Triage Acuity, CTAS
Emergent [1, 2]
Urgent [3]
Non-urgent [4, 5]
Comorbidities, total®
0-2
3-5
6-8
Diagnostic Category, ICD-10"
AB — Certain Infectious Diseases
C - Neoplasms
D - Disorders of Blood involving Immune System
E - Endocrine, Nutrition, and Metabolic Disorders
F — Mental and Behavioural Disorders
G - Diseases of Nervous System
H — Diseases of the Eye, Adnexa, Ear and Mastoid Process
| — Diseases of the Circulatory System
J - Diseases of the Respiratory System
K - Diseases of the Digestive System
L - Diseases of the Skin and Subcutaneous Tissue
M — Diseases of the Musculoskeletal System and Connective Tissue
N — Diseases of the Genitourinary System
O - Pregnancy, Childbirth, and the Puerperium
P — Certain conditions origination in the Perinatal Period
Q - Congenital Malformations, Deformations and Chromosomal Abnormalities
R - Symptoms, Signs and Abnormal Clinical and Laboratory Findings
S,T = Injury, Poisoning and Certain Other Consequences of External Causes
U - External Coucals of Morbidity and Mortality
Z - Factors Influencing Health Status and Contact with Health Services

Unreported

1,865,952 (46.3)
2,165,591 (53.7)

747,598 (18.5)
1,134,367 (28.1)
2,149,578 (53.3)

3/485471 (86.5)
30,590 (0.8)
320,346 (7.9)
195,136 (4.8)

1,622,216 (40.2)
2,062,831 (51.2)
346,496 (8.6)

2,841,902 (70.5)
1,162,149 (28.8)
27492 (0.7)

132,987 (3.3)
31,012 (0.8)
30,791 (0.8)
101,668 (2.5)
363,032 (9.0)
103,126 (2.6)
33316 (0.8)
312,316 (7.7)
327,755 (8.1)
213,696 (5.3)
45,659 (1.1)
186,194 (4.6)
190,734 (4.7)
14,521 (04)
11 (0.0)

405 (0.0)
1,030,682 (25.6)
833,644 (20.7)
463 (0.0)
79,206 (2.0)
325 (0.0)

8,145,480 (46.0)
9,587,617 (54.0)

6,600,607 (37.2)
6,877,715 (38.8)
4,254,775 (24.0)

15,423,577 (87.0)
199,762 (1.1)
1,573,982 (8.9)
535,776 (3.0)

3,352,710 (189)
8,232,246 (464)
6,148,141 (34.7)

15,581,739 (87.9)
2,120,884 (12.0)
30474 (0.1)

590,440 (3.3)
61,791 (0.3)
123,797 (0.7)
175,735 (1.0)
657,440 (37)
285,510 (1.6)
593,309 (3.3)
659,170 (3.7)
1,481,326 (84)
1,172,130 (6.6)
796,004 (4.5)
1,443,302 (8.1)
1,131,151 (6.4)
307,234 (1.7)
228 (0.0)

4178 (0.0)
3,521,524 (19.9)
3,704,644 (20.9)
1602 (0.0)
1,019,098 (5.7)
3484 (0.0)
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Table 1 Characteristics of patients assessed in the emergency department, by mode of transportation to emergency department,

Ontario, Canada, April 1, 2015 to March 31, 2020 (Continued)

Characteristic

Paramedic Transport (n, %)
n =4,031,543

Self-referral (n, %)
n=17,733,097

Emergency Department Setting
Urban
Rural
Unreported
Visit outcome
Admitted to receiving facility from ED
Discharged from ED
Returned to ED within 30 days of discharge
Yes
No

3,603,896 (89.4)
407,175 (10.1)
20,472 (0.5)

14,205,090 (80.1)
3,474,669 (19.6)
53,338 (0.3)

1,411,377 (35.0)
2,620,166 (65.0)

1,337,110 (7.5)
16,395,987 (92.5)

1,067,549 (26.5)
2,963,994 (73.5)

4,228,087 (23.8)
13,505,010 (76.2)

Note: CTAS Canadian Acuity and Triage Scale, ED emergency department

“Total of comorbidities present on ED arrival, included: hypertension, diabetes, chronic obstructive pulmonary disease, asthma, rheumatoid arthritis, congestive

heart failure, bowel disease, cancer

PInternational Statistical Classification of Diseases and Related Health Problems 10th Revision

“Represents primary diagnosis of emergency department visit

throughput [27]. Identification and correction to barriers
in outpatient care access may help to improve the well-
being of patients at risk of unwarranted paramedic
utilization. Additionally, alternative care pathways for
paramedic transport to sub-acute care settings may as-
sist in mitigating hospital congestion, diverting patient
cases that have low risk of medical debility, given
evidence-based protocols could be established. The re-
sults of this study are likely to be generalizable to other
provinces and territories of Canada, as paramedic service
delivery models and hospitals are largely constructed

using the similar organizational framework and universal
healthcare payment coverages.

Limitations

Due to the nature of regression analysis in cohort
studies, a causal relationship between mode of trans-
portation to ED and hospital admission could not be
determined. Other patient and visit characteristics
may influence the results that were not included in
this study; however, they were not accessible through
the NACRS administrative database. Incorporation of

90.0%
79.5%
80.0%
70.0%
60.0%
54.0%
50.0%
40.0%
30.0%

20.0%

Proportion of ED visits admitted to hosptial

10.0%

0.0%

1 2

e=O==Paramedic Transport

Canadian Traige and Acuity Scale

Fig. 2 Ontario emergency department visits admitted to the receiving hospital, stratified by mode of transportation and acuity

=== Sclf-Referral

3 4 5
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Table 2 Unadjusted and adjusted associations between patient characteristics and hospital admission, emergency department

patients, Ontario, Canada, April 1, 2015 to March 31, 2020

Characteristic

Unadjusted OR (95% Cl)

Adjusted OR
(95% CI)

Intercept
Mode of transportation, paramedic transfer
Sex, male
Age, years
18-39
40-64
65-105
Acuity, CTAS®
Emergent
Urgent
Non-Urgent
Comorbidities®
0-2
3-5
6-8
Diagnostic Category, ICD-10°¢
Mental and Behavioural Disorders
Diseases of Circulatory System
Diseases of Respiratory System
Diseases of Digestive System
Diseases of the Skin and Subcutaneous Tissue
Diseases of the Musculoskeletal System and Connective Tissue
Diseases of Genitourinary System
Symptoms, Signs and Abnormal Clinical and Laboratory Findings
Injury, Poisoning and Certain Other Consequences of External Causes
Factors Influencing Health Status and Contact with Health Services
Other
Geographic location, urban

Concordance statistic®

6.61 (6.59-6.62)
1.15 (1.14-1.16)

1.89 (1.88-1.89)
5.82 (5.80-5.84)

21.22 (21.01-21.34)

717 (7.12-7.21)

348 (347-349)
5.76 (5.67-5.86)

232 (2.31-2.34)
0.74 (0.74-0.74)

1(1.30-1.32)
0.19 (0.19-1.20)
0.13 (0.13-0.13)
049 (049-0.49)
043 (0.42-0.43)
0.23 (0.22-0.23)
0.09 (0.09-0.09)
0.63 (0.63-0.64)

6 (1.85-1.86)

0.02 (0.02-0.02)
3.76 (3.74-3.77)
1.16 (1.16-1.17)

1.57 (1.56-1.58)
329 (3.28-3.31)

10.59 (10.52-10.66)

4.26 (4.23-4.29)

1.55 (1.54-1.55)
1.93 (1.89-1.97)

1(1.20-1.22)
0.73 (0.73-0.74)
1.63 (1.62-1.64)
0.40 (0.40-0.40)
0.17 (0.17-0.18)
0.55 (0.55-0.56)
0.30 (0.30-0.31)
0.27 (0.27-0.27)
0.20 (0.20-0.20)

1(0.71-0.72)
113 (1. 13)
0.86 (0.85-0.86)

OR Odds Ratio, CI Confidence Interval, CTAS Canadian Triage and Acuity Scale
®Emergent = CTAS 1, 2. Urgent = CATS 3. Non-Urgent = CTAS 4,5

bTotal comorbidities present at ED visit, included: hypertension, diabetes, chronic obstructive pulmonary disease, asthma, rheumatoid arthritis, congestive heart

failure, bowel disease, cancer

“International Statistical Classification of Diseases and Related Health Problems 10th Revision

dRepresents primary diagnosis of emergency department visit
“Reported as Area Under the Receiver Operating Characteristic Curve (95% Cl)

comorbidities in this study were limited to those
readily collected in administrative data by IC/ES.
Primary diagnoses could only be grouped into
broadly assigned categories based on their header in
ICD-10.

Conclusion
Paramedic transport to the ED was associated
hospital admission in a population-based cohort of

adult patients who received triage in an Ontario ED.
Patients transported by paramedics had higher rates
of admission across all CTAS acuities compared to
self-referral. We demonstrated that the mode of
transportation may have an influence on ED dispos-
ition decision-making, and support future research
to target some patients that may be able to be trans-
ported to alternative sub-acute care settings as a
means to decrease hospital admission rates.
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