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Abstract

Study objective

To assess the association of patient and organisational factors with emergency department
length of stay (ED-LOS) in elderly ED patients (226565 years old) and in younger patients
(<65 years old).

Methods

A retrospective cohort study of internal medicine patients visiting the emergency depart-
ment between September 1512010 and August 31%' 2011 was performed. All emergency
department visits by internal medicine patients 226565 years old and a random sample of
internal medicine patients <65 years old were included. Organisational factors were defined
as non-medical factors. ED-LOS is defined as the time between ED arrival and ED dis-
charge or admission. Prolonged ED-LOS is defined as >75™ percentile of ED-LOS in the
study population, which was 208 minutes.

Results

Data on 1782 emergency department visits by elderly patients and 597 emergency depart-
ment visits by younger patients were analysed. Prolonged ED-LOS in elderly patients was
associated with three organisational factors: >1 consultation during the emergency depart-
ment visit (odds ratio (OR) 3.2, 95% confidence interval (Cl) 2.3—4.3), a higher number
of diagnostic tests (OR 1.2, 95% CI 1.16—1.33) and evaluation by a medical student or
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non-trainee resident compared with a medical specialist (OR 4.2, 95% CI 2.0-8.8 and OR
2.3, 95% Cl 1.4-3.9). In younger patients, prolonged ED-LOS was associated with >1 con-
sultation (OR 2.6, 95% CI 1.4—4.6). Factors associated with shorter ED-LOS were arrival
during nights or weekends as well as a high urgency level in elderly patients and self-referral
in younger patients.

Conclusion

Organisational factors, such as a higher number of consultations and tests in the emer-
gency department and a lower seniority of the physician, were the main aspects associated
with prolonged ED-LOS in elderly patients. Optimisation of the organisation and coordina-
tion of emergency care is important to accommodate the needs of the continuously growing
number of elderly patients in a better way.

Background

The Emergency Department (ED) manages complex patient populations and is under continu-
ous time pressure [1,2]. The increase in the number of ED visits over the past decade has
resulted in ED crowding [3-5]. In particular, the substantial growth of ED visits by elderly
patients (> 65 years old) has placed a heavy burden on the acute care system [6-9].

ED crowding leads to prolonged emergency department length of stay (ED-LOS), delay in
treatment and a worse medical outcome, such as a longer hospital stay and a higher mortality
rate [3,5,8,10-12]. In addition, prolonged ED-LOS reduces patient satisfaction and has a
negative impact on the quality of care and the adherence to ED guidelines [3,13]. Therefore,
ED-LOS is marked as an important quality indicator of emergency care [14-18]. The associa-
tion of prolonged ED-LOS with poor patient outcome has been studied in various settings and
patient groups, demonstrating diverse results [19-22]. As to whether the patients’ age has an
effect on ED-LOS remains unclear from previously published reports. ED-LOS has been
reported to exceed 4 hours in 26% of elderly patients and in 11% of patients aged 18-64 years
[23]. In contrast, a large prospective study showed no association between prolonged ED-LOS
and age [24].

Elderly patients represent a complex population in the ED, owing to a sometimes atypical
presentation and to the presence of multi-morbidity [25]. In addition, they often have high
urgency problems and are frequently transported by ambulance [26,27]. In elderly patients, an
ED visit may prelude functional decline. The average 30-day mortality rate of elderly patients
following an ED visit is 10% [25,28]. Given the anticipated increasing size of this vulnerable
population presenting to the ED, it is necessary to avoid prolonged ED-LOS in order to main-
tain and improve patient outcome and quality of care at the ED. Our hypotheses are that
ED-LOS is mainly influenced by organisational factors instead of disease-related factors and
that the influence of organisational factors on prolonged ED-LOS is more prominent in elderly
patients than in younger patients (<65 years old).

The objectives of this study are to assess the association of medical factors and organisa-
tional factors with ED-LOS in elderly patients and to explore the effect of age on predicting fac-
tors of prolonged ED-LOS.
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Methods
Study design, setting and participants

Exemption of approval by the Institutional Review Board of Maxima Medical Centre (MMC)
was acquired. A retrospective cohort study was conducted at MMC, a 550-bed teaching hospi-
tal in the Netherlands. Approximately 28,000 patients visit the ED of Maxima Medical Centre
annually, of which 13-14% requires assessment by an internist. Most patients for internal med-
icine are referred to the ED by a general practitioner (GP, who provide service 24/7) (51.8%),
while others are referred by ambulance (10.9%), are referred by medical specialists (8.5%), or
are self-referrals (28.8%). Either a medical student in the last year of medical education, a non-
trainee resident (physicians who have not yet started traineeship in a clinical speciality), a
trainee resident or an emergency physician will assess the patients presenting to the ED, super-
vised by an internist [29].

Data on all ED visits of patients > 65 years old, referred to the ED for internal medicine
between September 1% 2010 and August 31* 2011, were extracted according to a fixed data col-
lection form by one investigator. Given the retrospective observational design, no informed
consent was obtained, as patient data was anonymized and deidentified during data extraction
and prior to statistical analysis, and accessing of data by the authors (excluding SB). The
authors may have had interactions with the patients used in the study (SB, SL, and HH), which
was considered in the waiver of approval provided by the Ethics Committee of MMC. A sample
of patients < 65 years old, presenting to the ED for internal medicine, was randomly obtained
from the ED visit list by the random SPSS procedure (IBM SPSS Statistics for Windows, Ver-
sion 19.0, Armonk, New York). The sample population of younger patients was comparable
with the total population of younger patients in terms of age, gender, day of ED presentation,
time of ED presentation, mode of presentation, triage category and final disposition, as visually
checked with descriptive statistics and tested using Chi-square and unpaired T-tests. Exclusion
criteria were an overt incorrect ED recording time or a principle treating specialty in the ED
other than internal medicine.

Data sources and variables

Baseline and medical data were retrospectively retrieved from electronic patient and hospital
records using standard data-collection forms. Data included age, gender, medical history, med-
ication use, ED visits and hospitalisation in the previous three months, triage level, presenting
complaint and ED diagnosis. Organisational factors, defined as non-medical factors, included
day of the week and time of ED visit, mode of presentation, seniority of the first physician who
assessed/treated the patient in the ED, number and type of diagnostic tests, number of consul-
tations by medical specialties other than internal medicine at the ED, medical procedures per-
formed in the ED and medication administered during the ED stay. In addition, we retrieved
ED recording times, final disposition, date of admission and discharge, and date of last follow-
up and date of death.

Definitions

In absence of a definition of prolonged ED-LOS in the literature, prolonged ED-LOS was
defined as a length of stay that lasted longer than the 75" percentile of ED-LOS in the total
study population (elderly and younger patients), which was an ED-LOS > 208 minutes. Medi-
cal history and presenting complaint, as documented in the patient ED records, were classified
according to the International Classification of Disease-10 (ICD-10). The ICD-10 category
“Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified” was
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classified as aspecific complaints. The following ICD-10 categories were combined into the
group “miscellaneous”: diseases of the musculoskeletal system, genitourinary system, eye and
adnexa, ear and mastoid process, skin and subcutaneous tissue, injury or poisoning, and exter-
nal causes of morbidity and mortality (See S1 Table). The Charlson Co-morbidity index (CCI)
was calculated to assess the comorbidity levels of the patients [30]. Polypharmacy was defined
as the use of five or more different medications [31]. Time of presentation was classified as
morning (7.00-11.59 h), afternoon (12.00-16.59 h), evening (17.00-23.59 h) and night (0.00-
6.59 h). Mode of presentation was categorised into referral by a GP, ambulance or medical spe-
cialist and self-referral. ED recording times (in minutes) were sectioned into 1) time in waiting
room: time from ED arrival to ED bed placement, 2) time to triage: time from ED arrival to
assignment of a triage category, 3) treatment time: time from ED bed placement to final dispo-
sition and 4) ED-LOS: time between ED arrival and ED discharge or hospital admission. Triage
at presentation was performed using the Manchester Triage System (MTS) [32]. Urgency levels
were classified as high (MTS categories red and orange), moderate (MTS category yellow) and
standard (MTS category green (no patients are assigned to MTS category blue at the ED)). The
seniority of the first physician was classified as medical student in last year of medical educa-
tion, non-trainee resident, trainee resident or medical specialist (internist or emergency physi-
cian) [33]. Diagnostic tests performed at the ED comprised of a blood test, an arterial blood-
gas test, a urine test, a culture test, an electrocardiogram (ECG), an X-ray, ultrasonography,
computed tomography (CT) scan or magnetic resonance imaging (MRI). Medical procedures
consisted of intubation, placement of urinary catheter or gastric tube, cardiac rhythm monitor-
ing and administration of oxygen. Prolonged hospital LOS was defined as a stay that lasted lon-
ger than the 75™ percentile of hospital LOS from ED discharge until hospital discharge, as
calculated for all patients that were hospitalised, which was > 12 days.

Statistical analysis

Statistical analysis was performed using SPSS version 19.0. Comparisons of the characteristics
of patients > 65 years old and patients < 65 years old were tested using the Chi-square test for
categorical variables. The numerical variables were tested using one-way analysis of variance
(ANOVA), the Kruskal-Wallis test, Mann-Whitney U-test, and unpaired T-test, depending on
the number of groups and the distribution pattern of the variable. Missing data were categorised
as “unknown” and included in the analyses to assess the influence of missing data on ED-LOS.
Univariable and multivariable logistic regression analyses were performed in order to estimate
the effect of various factors on prolonged ED-LOS and to calculate the odds ratio (OR) with 95%
confidence intervals (CI). Multivariable analysis was done to calculate adjusted OR (ORadj) and
included all variables from the univariable analysis associated with prolonged ED-LOS with a p-
value of < 0.05. A two-sided p-value < 0.05 was considered statistical significant.

Results
Study population

In the study period, 4137 ED visits by internal medicine patients were recorded, of which 1784
visits (43.1%) were made by 1435 elderly patients (Fig 1). Two ED visits by elderly patients
were excluded because of inaccurate ED recording times. In the same period, 2353 ED visits
were by younger patients, of which 597 (25%) visits made by 564 patients were randomly
selected (Fig 1).

Baseline characteristics and medical factors. The sex distribution was similar for both the
elderly and younger patients visiting the ED (Table 1). Elderly patients had more comorbidity
(CCI2.5vs. 1.0, p < 0.001) and more prevalent polypharmacy (57.7 vs. 17.1%, p < 0.001) than
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younger patients (Table 1). They also had visited the ED (28.3 vs. 21.1%, p < 0.001) more often
and were hospitalised (28.1 vs. 14.2%, p < 0.001) more often in the three months before the ED
visit than younger patients. In total, 1100 (61.7%) elderly patients presented with aspecific com-
plaints, of whom 11.0% had a high urgency level, 57.6% moderate, 30.7% standard, and 0.6%
were not classified. In younger patients with aspecific complaints (65.3%), 6.4% had a high
urgency level, 54.1% moderate, 36.9% standard, and 2.6% were not classified.

Organisational factors. Elderly patients were referred by their GP in 71.3% of cases com-
pared with only 38.2% in younger patients (Table 1). In both age groups, most patients pre-
sented to the ED on Friday (16.4% in elderly and 17.6% in younger patients). The diagnostic
work-up in the ED was more extensive for elderly patients (mean: 3.2 tests in elderly patients
vs. 2.1 in younger patients, p < 0.001). Elderly patients more often received medication (42.8
vs. 35.9%, respectively, p = 0.011) and underwent medical procedures (41.9 vs. 26.5%, respec-
tively, p < 0.001) at the ED than younger patients. In 72.9% of elderly patients, the ED visit
resulted in hospital admission, compared with 38.7% of younger patients (p < 0.001). If hospi-
talised, the median hospital LOS was 6 days in elderly patients (range 1-91) and 3 days (range
1-89) in younger patients (p < 0.001).

ED recording times

The median ED-LOS was 172 minutes in elderly patients (range 6-542), compared with 147
minutes for younger patients (range 3-413, p < 0.001) (Fig 2). Among elderly patients, 27.1%
experienced a prolonged ED-LOS (i.e. ED-LOS > 208 min), compared with 20.3% for younger
patients (p = 0.002). The ED-LOS exceeded 4 hours in 16.3% of elderly patients and 11.2% of
patients <65 years (p = 0.003). The median treatment time for elderly patients was 158 minutes
versus 130 minutes for younger patients (p < 0.001). Both the time spent in the waiting room
(5 vs. 2 minutes, p<0.001) and time to triage (10 vs. 9 minutes, p = 0.011) were longer in
elderly patients than in younger patients.

Determinants of prolonged ED-LOS

Baseline characteristics and medical factors. In the elderly, a moderate urgency level
(compared with a standard urgency), was associated with prolonged ED-LOS (OR 1.3, 95% CI

4137 ED visits by internal medicine patients

l l

1784 ED visits by elderly patients 2353 ED visits by younger patients

2 visits excluded

1756 visits excluded

by random sampling
Final sample ED visits by elderly

patients: 1782
65-74 years: N = 693
75-84 years: N = 711 Final sample ED visits by younger

v

285 years: N= 378 patients: 597

Fig 1. Flow chart of the studied population. ED = emergency department.
doi:10.1371/journal.pone.0135066.g001
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Table 1. Characteristics of ED visits by internal medicine patients.

Characteristic ED visit by elderly patients ED visit by younger patients
(n =1782) (n =597)
Mean (SD) age, years 77.5(7.7) 43.5 (14)
No. of male participants (%) 824 (46.2) 281 (47.1)
Mean (SD) CCI** 25(2.2) 1.0 (1.7)
Polypharmacy (%)** 1028 (57.7) 102 (17.1)
No. of ED visit in previous 3 months 505 (28.3) 126 (21.1)
(o/o)**
No. of admissions in previous 3 501 (28.1) 85 (14.2)

months (%)**

No. of patients per day of

presentation
Weekday (%) * 1386 (77.8)
Weekend (%) * 396 (22.2)
No. of patients per time of
presentation
Morning (%)** 368 (20.6)
Afternoon (%)** 750 (42.0)
Evening (%)** 532 (29.9)
Night (%)** 132 (7.4)
No. of patients per mode of
presentation
GP referral (%)** 1270 (71.3)
Medical specialist (%)** 153 (8.6)
Ambulance (%)** 158 (8.9)
Self-referral (%)** 201 (11.3)
Urgency level
High (%)** 207 (11.6)
Moderate (%)** 960 (53.9)
Standard (%)** 603 (33.8)
No triage (%)** 12 (0.7)
Seniority of first physician on ED
Medical student (%)** 51 (2.9)
Non-trainee resident (%)** 558 (31.3)
Trainee resident (%)** 1039 (58.3)
Medical specialist (%)** 110 (6.2)
Unknown (%)** 24 (1.3)
Mean no. (SD) diagnostic tests on 3.2(1.8)
ED*-X-
Medication on ED (%)* 762 (42.8)
Medical procedures on ED (%)** 746 (41.9)
No. of admissions (%)** 1299 (72.9)

P-values were calculated using unpaired T-test and Chi-square test. SD = standard deviation;

ED = emergency department; mo = months; CCIl = Charlson co-morbidity index.
=0.001 <p<0.05
* =p <0.001.

doi:10.1371/journal.pone.0135066.t001

427 (71.5)
170 (28.5)

117 (19.6)
195 (32.7)
193 (32.3)

92 (15.4)

228 (38.2)
59 (9.9)
70 (11.7)
240 (40.2)

59 (9.9)
311 (52.1)
193 (32.3)

34 (5.7)

9 (1.5)
175 (29.3)
326 (54.6)

63 (10.6)

24 (4.0)

2.1 (1.6)

214 (35.9)
158 (26.5)
231 (38.7)

1.01-1.59). Unknown medical history (versus no medical history) was associated with a lower
risk of prolonged ED-LOS (OR 0.2, 95% CI 0.1-0.9) (Table 2). Over a quarter (27.6%) of

PLOS ONE | DOI:10.1371/journal.pone.0135066 August 12,2015

6/15



@‘PLOS | ONE

Organisational Factors Induce Prolonged ED-LOS in Elderly Patients

45.0%

40.0%

H younger patients

35.0% .
elderly patients

30.0%

25.0%

20.0%
15.0% -
10.0%

5.0% 1

0.0% - —

<1 hr 1-2 hr 2-3 hr 3-4 hr 4-5 hr 5-6 hr >6 hr

Fig 2. Emergency department length of stay (ED-LOS) per hour for elderly patients and younger
patients.

doi:10.1371/journal.pone.0135066.g002

elderly patients with aspecific complaints had a prolonged ED-LOS. The triage level distribu-
tion in those patients was similar to those without prolonged ED-LOS. The presence of cogni-
tive impairment (e.g. dementia or delirium) was not associated with prolonged ED-LOS in
elderly patients (OR 1.3, 95% CI 0.9-1.8), nor was the presence of polypharmacy or the pre-
senting complaint (Table 2).

In younger patients, polypharmacy (OR 1.7, 95% CI 1.1-2.9), previous hospital admission
(OR 1.7, 95% CI 1.02-2.87), and a presenting complaint classified as “miscellaneous” (OR 0.5,
95% CI 0.3-0.8) rather than aspecific complaints were associated with prolonged ED-LOS
(Table 2). In younger patients with aspecific complaints, 23.4% had a prolonged ED-LOS, of
which 63.7% had a moderate urgency level and 31.9% a standard.

Organisational factors. Risk of prolonged ED-LOS was lower for elderly patients who
arrived over the weekend compared with those arriving on a weekday (OR 0.7, 95% CI 0.5-
0.9). Similarly, the risk of prolonged ED-LOS was lower during the night (OR 0.4, 95% CI 0.2—
0.6) than the morning. The risk was also lower if the patient was referred by a medical specialist
(OR 0.66, 95% CI (0.44-0.99) or self-referral (OR 0.6, 95% CI 0.4-0.9), compared with referral
by a GP (Table 3).

In both elderly and younger patients, more diagnostic tests performed on the ED (OR 1.2,
95% CI 1.1-1.3 and OR 1.3,95% CI 1.1-1.5), > 1 consultation (OR 2.7, 95% CI 2.0-3.6 and
OR 2.6, 95% CI 1.5-4.5) and lower seniority of physician (OR 1.7, 95% CI 1.1-2.9 and OR 2.4,
95% CI 1.04-5.79 when evaluated by a non-trainee resident) at the ED were associated with
prolonged ED-LOS. Younger patients arriving by ambulance or after self-referral had a shorter
ED-LOS (OR 0.4, 95% CI 0.2-0.9 and OR 0.4, 95% CI 0.3-0.7, respectively).

Multivariable analysis of factors associated with prolonged ED-LOS

The only baseline or medical characteristic associated with prolonged ED-LOS in elderly
patients after multivariable adjustment for other variables was a high urgency level (ORadj 0.4,
95% CI 0.2-0.6) versus a standard urgency level (Table 4).

However, several organisational factors were associated with prolonged ED-LOS in elderly
patients, including, > 1 consultation (ORadj 3.1, 95% CI 2.3-4.2), the number of diagnostic
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Table 2. Unadjusted data on the impact of baseline characteristics and medical factors on ED-LOS.

Female vs. male (%)
Medical history
Cognitive impairment
(%)
Unknown medical
history (%)
Mean (SD) CCl

Polypharmacy
Yes vs. no (%)

Unknown vs. no (%)
Previous ED visit

Yes vs. no visit (%)

Unknown vs. no visit
(%)

Previous admission

Yes vs. no admission
(%)

Unknown vs. no
admission (%)
Presenting complaint

Aspecific complaints
(%)

Endocrine/metabolic
(%)

Circulatory (%)

Gastrointestinal (%)

Neoplasm/hematologic
(%)

Respiratory (%)

Infectious (%)

Psychiatric/neurologic
(%)

“Miscellaneous”
complaints (%)
Urgency level

High (%)

Moderate (%)

Standard (%)
No triage (%)

Elderly patients

ED-LOS <208 min ED-LOS > 208 min

(n = 1299)
692 (53.3)

128 (9.9)
25 (1.9)

2.46 (2.2)

727 (56.0)

167 (12.9)

378 (29.1)
15 (1.2)

378 (29.1)

13 (1.0)

797 (61.4)
84 (6.5)

82 (6.3)
54 (4.2)
43 (3.3)

39 (3.0)
38 (2.9)
34 (2.6)

128 (9.9)

167 (12.9)
671 (51.7)

450 (34.6)
11 (0.8)

(n = 483)
266 (55.1)

59 (12.2)
2 (0.4)

2.45 (2.2)

301 (62.3)

48 (9.9)

127 (26.3)
2 (0.4)

123 (25.5)

303 (62.7)
25 (5.2)

31 (6.4)
22 (4.6)
16 (3.3)

13 (2.7)
8(1.7)
14 (2.9)

51 (10.6)

40 (8.3)
289 (59.8)

153 (31.7)
1(0.2)

OR (95% Cl)

1.1 (0.9-1.3)

1.3 (0.9-1.8)

0.2 (0.1-0.9)*

1.3 (0.99-
1.59)

0.9 (0.6-1.3)

0.9 (0.7-1.1)
0.3 (0.8-1.5)

0.82 (0.65—
1.04)

Reference
0.9 (0.5-1.3)

1.0 (0.6-1.5)
1.1 (0.6-1.8)
1.0 (0.5-1.8)

0.9 (0.5-1.7)
0.6 (0.3-1.2)
1.1 (0.6-2.0)

1.0 (0.7-1.5)

0.7 (0.48—
1.04)

1.3 (1.01—
1.59)*

Reference

Younger Patients

ED-LOS < 208 min
(n =474)

250 (52.7)

4(0.8)
58 (12.2)

0.97 (1.7)

71 (15.0)

99 (20.9)

99 (20.9)
14 (3.0)

60 (12.7)

15 (3.2)

299 (63.1)
13 (2.7)

22 (4.6)
12 (2.5)
4(0.8)

6 (1.3)
7 (1.5)
3(0.6)

108 (22.8)

51 (10.8)
239 (50.4)

154 (32.5)
30 (6.3)

ED-LOS 2265 208

min (n = 123)
66 (53.7%)

10 (8.1)

0.96 (1.7)

31 (25.2)

16 (13.0)

27 (22.0)

2(1.6)

25 (20.3)

1(0.8)

91 (74.0)
2(1.6)

7 (5.7)
4 (3.3)
1(0.8)

1(0.8)
1(0.8)
1(0.8)

15 (12.2)

8 (6.5)
72 (58.5)

39 (31.7)
4(3.3)

OR (95% Cl)

1.0 (0.7-1.5)

0.6 (0.3-1.3)

1.0 (0.9-1.1)

1.7 (1.1-2.9)

0.6 (0.4-1.2)

1.0 (0.6-1.7)
0.5 (0.1-2.5)

1.71 (1.02—
2.87)*

Reference
0.5 (0.1-2.3)

1.0 (0.4-2.5)
1.1 (0.3-3.5)

0.5 (0.3-0.8)*

0.6 (0.3-1.4)
1.2 (0.8-1.9)

Reference
0.5 (0.2-1.6)

ED-LOS = Emergency Department Length Of Stay; min = minutes; OR = Odds Ratio; Cl = Confidence Interval; CCl = Charlson Comorbidity Index;

SD = standard deviation.
* =0.001 < p <0.05.

doi:10.1371/journal.pone.0135066.t002

PLOS ONE | DOI:10.1371/journal.pone.0135066 August 12,2015

8/15



@'PLOS ‘ ONE

Organisational Factors Induce Prolonged ED-LOS in Elderly Patients

Table 3. Unadjusted data on the impact of organisational factors on ED-LOS.

Weekend vs. week

(%)

Time of presentation

Morning (%)
Afternoon (%)
Evening (%)
Night (%)

Mode of presentation

General
practitioner (%)

Medical specialist

(%)

Ambulance (%)
Self-referral (%)
>1 vs. 1 consultation

on ED (%)

Seniority of physician

on ED

Medical student

(%)
Non-trainee
resident (%)

Trainee resident

(%)

Medical specialist

(%)
Unknown (%)

No of diagnostic tests

on ED (SD)

Medical procedures

at ED (%)

Medication at ED (%)

Admissions (%)

Elderly patients

ED-LOS < 208 min
(n =1299)

312 (24.0)

257 (19.8)
513 (39.5)
421 (32.4)
108 (8.3)

898 (69.1)
120 (9.2)

122 (9.4)
159 (12.2)
127 (9.8)

26 (2.0)
382 (29.4)
780 (60.0)
87 (6.7)

24 (1.8)
3.01 (1.8)

545 (42.0)

539 (41.5)
922 (71.0)

ED-LOS > 208 min
(n = 483)

84 (17.4)

106 (21.9)
228 (47.2)
133 (27.5)
16 (3.3)

372 (77.0)
33 (6.8)

36 (7.5)
42 (8.7)
109 (22.6)

25 (5.2)
176 (36.4)
259 (53.6)

23 (4.8)

3.58 (1.6)
201 (41.6)

223 (46.2)
377 (78.1)

OR (95% Cl)

0.7 (0.5-0.9)*

Reference

1.1 (0.8-1.4)
0.8 (0.57-1.03)
0.4 (0.2-0.6)**

Reference
0.66 (0.44—
0.99)*

0.7 (0.5-1.1)
0.6 (0.4-0.9)*
2.7 (2.0-3.6)**

3.6 (1.8-7.4)%*
1.7 (1.1-2.9)*
1.3 (0.8-2.0)

Reference

1.2 (1.1-1.3)**
1.0 (0.8-1.2)

1.2 (0.98-1.50)
1.5 (1.1-1.9)*

Younger patients

ED-LOS < 208 min
(n = 474)

134 (28.3)

94 (19.8)
148 (31.2)
163 (34.4)
69 (14.6)

162 (34.2)
48 (10.1)

60 (12.7)
204 (43.0)
42 (8.9)

7 (1.5)
134 (28.3)
255 (53.8)
56 (11.8)

22 (4.6)
2.01 (1.5)

125 (26.4)

166 (35.1)
169 (35.7)

ED-LOS = emergency department length of stay; min = minutes; OR = odds ratio; Cl = Confidence interval.

*¥=0.001<p<0.05

** = p < 0.001.

doi:10.1371/journal.pone.0135066.t003

ED-LOS > 208 min
(n=123)

36 (29.3)

26 (21.1)
52 (42.3)
35 (28.5)
10 (8.1)
66 (53.7)
11 (8.9)

10 (8.1)
36 (29.3)
25 (20.3)

2 (1.6)
41 (33.3)
72 (58.5)
7(5.7)

1(0.8)
2.67 (1.6)

33 (26.8)

OR (95% Cl)

1.1 (0.7-1.6)

Reference

1.3 (0.7-2.2)
0.8 (0.4-1.4)
0.5 (0.2-1.2)

Reference
0.6 (0.3-1.2)

0.4 (0.2-0.9)*
0.4 (0.3-0.7)**
2.6 (1.5-4.5)%*

2.3 (0.4-13.3)
2.4 (1.04-5.79)*
2.3 (0.99-5.17)

Reference

1.3 (1.1-1.5)**
1.0 (0.7-1.6)

1.2 (0.8-1.8)
1.8 (1.2-2.7)*

tests (ORadj 1.2, 95% CI 1.1-1.3) and evaluation by a medical student or non-trainee resident
(ORadj 4.2, 95% CI 2.0-8.8 and ORadj 2.3, 95% CI 1.4-3.9, respectively) (Table 4). Weekend
or night-time arrivals were associated with shorter ED-LOS in elderly patients (ORadj 0.7, 95%
CI 0.5-0.9 and ORadj 0.4, 95% CI 0.2-0.7, respectively).
In younger patients, the number of consultations and self-referral remained associated with
prolonged ED-LOS in the multivariable analysis (ORadj 2.6, 95% CI 1.5-4.7 and ORadj 0.6,
95% CI 0.35-0.99, respectively) (Table 4).
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Table 4. Medical and organisational factors with significant impact on ED-LOS after multivariable
analysis.

Elderly patients Younger patients
ORadj (95% ClI) ORadj (95% ClI)
High urgency level 0.4 (0.2-0.6)**
Weekend arrival 0.7 (0.5-0.9)*
Arrival during night time 0.4 (0.2-0.7)*
Self-referral - 0.59 (0.35-0.99)*
>1 consultation on ED 3.1 (2.3-4.2)** 2.6 (1.54.7)*
Seniority of first physician on ED
Medical student 4.2 (2.0-8.8)**
Non-trainee resident 2.3 (1.4-3.9)*
Mean no. of diagnostic tests on ED 1.2 (1.1-1.3)*

ED-LOS = emergency department length of stay; ORadj = adjusted odds ratio; Cl = confidence Interval.
* =0.001 <p<0.05
** = p <0.001.

doi:10.1371/journal.pone.0135066.t004

Correlation between hospital admission, placement and ED-LOS

The median ED-LOS for elderly patients discharged home was shorter than for those who were
hospitalised (158 and 175 minutes, respectively, p < 0.001). The ED-LOS was comparable for
both elderly and younger patients if admitted to an ICU (intensive care unit) or medium-care
unit, as compared with admission to the acute medical unit or general ward (OR 1.2, 95% CI
0.6-2.3 and OR 2.8, 95% CI 0.8-9.8, respectively).

If admitted, the median hospital LOS in elderly patients was longer if ED-LOS was pro-
longed rather than normal (8 days (range 1-91) vs. 6 days (range 1-74), p < 0.001). In younger
patients, as well, the median hospital LOS was longer in patients with prolonged ED-LOS than
in those with a normal ED-LOS of 5 days (range 1-41) versus 2 days (range 1-89, p = 0.001).
Accordingly, a prolonged hospital LOS (i.e. a hospital LOS > 12 days) occurred more fre-
quently in elderly patients with prolonged ED-LOS than in those with normal ED-LOS (35.0
vs. 24.7%, OR 1.6, 95% CI 1.3-2.1). Similarly, in younger patients with prolonged ED-LOS, a
prolonged hospital LOS occurred more frequently than in those with normal ED-LOS (22.6 vs.
10.7%, OR 2.4, 95% CI 1.1-5.3).

Discussion

In this study, we have demonstrated that the ED-LOS is considerably longer (30 minutes) in
elderly internal medicine patients than in younger patients. The effect of organisational factors
on the ED-LOS, such as the number of consultations, number of diagnostic tests performed at
the ED and the seniority of the physician, is more evident in elderly patients than in the youn-
ger group.

The proportion of patients with a prolonged ED-LOS, for research purpose defined as the
75" percentile of ED-LOS (i.e. ED-LOS > 208 minutes), is higher in the elderly. Moreover,
16.3% of the elderly patients have an ED-LOS exceeding 4 hours, which is predominately
caused by organisational factors and its effect on the treatment time of elderly patients.

Our study shows a clear relationship between the ED-LOS and organisational factors. In
accordance with other studies, the number of investigations performed at the ED significantly
increased the ED-LOS for elderly patients [25-27,34]. Although an extensive diagnostic
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work-up during ED visits is becoming customary, particularly in elderly patients, it has impor-
tant implications for emergency care processes [35]. Additionally, the number of consultations
involved at the ED is an important contributor to prolonged ED-LOS in the elderly, which is
consistent with a study by Vegting et al [23]. In our study, almost 50% of elderly patients with
multiple consultations at the ED has an ED-LOS exceeding 4 hours, which may reflect the
complexity of the elderly population.

Apart from a beneficial effect on ED-LOS of more staffing at the ED, as reported before,
[36] the type of physician appears to be of special importance. Our study shows that the lower
seniority of the first treating physician at the ED is a significant determinant for the prolonged
ED-LOS in elderly patients. This indicates that experience and education of the ED doctors
plays an important role in the occurrence prolonged ED-LOS, especially in the elderly [26,27].

Although resources and staffing levels are usually reduced on weekends and during the
night, [37-41] our data show a positive association between ED-LOS and temporal factors,
such as day or time of ED arrival, in elderly patients. This might be explained by the number of
patients presenting at our ED, as this is considerably lower on weekends or during the night,
suggesting that the number of patients at the ED may contribute more to the prolonged
ED-LOS of elderly patients than the availability of resources or ED personnel [37,39].

A remarkable result is the lack of association between ED-LOS in elderly patients and medi-
cal or baseline factors, such as CCI, medication use, and presenting complaint. In addition, the
presence of cognitive impairment in elderly patients does not affect ED-LOS. These findings
contradict other reviews, in which factors such as comorbidity, atypical presentation and poly-
pharmacy were mentioned to be of major influence in ED evaluation of elderly patients
[26,27]. The only medical factor in elderly patients with influence on ED-LOS in our popula-
tion is a high urgency level, which is associated with a shorter ED-LOS. This is also in contrast
with other studies that found prolonged ED-LOS in critically ill patients [14,34,42]. This dis-
crepancy can be explained by the presence of an access block to the ICUs in these studies,
caused by the inability to transfer admitted ED patients to ICU beds, which hardly occurs in
our hospital.

Another main finding in our study is the difference in impact of organisational factors on
ED-LOS between elderly and younger patients. Although several organisational factors con-
tribute to prolonged ED-LOS in the elderly, only multiple consultations in the ED were associ-
ated with prolonged ED-LOS in the younger patient group. There is no association between
the seniority of the physician, number of tests performed or temporal factors and ED-LOS in
younger patients. On the other hand, in younger self-referred patients, the ED-LOS is signifi-
cantly shorter. These patients typically have no need for diagnostic work-up (25.4%), require
only one consultation at the ED (91.2%), and are discharged following the ED visit (80%).
Hence, it is predominantly the elderly population that affects the emergency care processes at
our ED, as is consistent with other studies [12,24,34,43].

Limitations

Our findings may have been influenced by several limitations. Firstly, owing to the single-cen-
tre setting, our findings may be less applicable to other hospitals and other countries. Although
the healthcare system is well organised in the Netherlands, the organisation of emergency care
in other countries should be taken into account in interpreting our findings. As a consequence
our study may not address some of the problems encountered in other settings. Nevertheless,
the findings of our study may very well apply to other settings and explain part of the problems.
Secondly, there is a risk of bias, because of the retrospective observational design. It is possible
that part of the data were incomplete or incorrect, such as for example ED recording times.
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However, we have no reason to believe that the resulting misclassification is differential except
for extreme short visits, which may have more missing data than longer visits. Random mis-
classification of determinants may have diluted contrasts. The reference category of the pre-
senting complaints, being the largest group, comprised a range of signs and symptoms, which
may have introduced noise. The effect of missing values for the ED-LOS was evaluated by
including these in the analyses. Overall, more data was missing in younger patients than in
elderly patients, yet missing data was not associated with a shorter ED-LOS. Thirdly, the rela-
tively small number of younger patients may contribute to a reduced reliability of our results,
due to lack of power. Fourthly, in the absence of a generally accepted definition of prolonged
ED-LOS, we based the definition of prolonged ED-LOS for our study on the upper quartile of
recorded times in the entire population studied. Although, the relevance of ED-LOS >208
minutes is uncertain, it is useful for the identification of risk factors. Lastly, the effect of staffing
levels of medical personnel as well as radiology and laboratory staff, and their workload on
ED-LOS were not included in our analysis.

Implications

This study emphasises the need for a distinct emergency care approach for elderly patients pre-
senting in the ED. In addition, it suggests that sufficient training of ED doctors for the emer-
gency care of the elderly population can help to assess and treat these patients in a timely and
effectively manner [44].

The negative impact of the number of consultations on the ED-LOS provides an important
opportunity to improve care, since the waiting time between assessments can be reduced if col-
laboration between different disciplines can be enhanced. Therefore, coordination of emer-
gency evaluation by a leading physician at the ED, specifically in elderly patients, could be
helpful in improving the quality of acute care and in reducing the ED-LOS [23]. In addition, a
possible solution to reduce prolonged ED-LOS caused by an extensive diagnostic work-up is
the implementation of diagnostic-triage standing orders, which are medical orders developed
for distinct types of complaints performed by ED nurses (advanced triage). This has previously
shown to be beneficial in reducing ED treatment times [45]. Moreover, the development of a
clinical decision rule or care pathway for elderly ED patients could potentially improve effi-
ciency in emergency care and diagnostic processes and, subsequently, reduce ED-LOS. How-
ever, the cost effectiveness of such an intervention needs to be considered.

Reorganisation of emergency care processes, following the implementation of the four hour
target in the UK, contributed towards an improvement in patient flow and reduced ED-LOS,
although the relevance of a specific cut-off of ED-LOS remains questionable [46,47]. However,
as the number of elderly patients presenting to the ED is expected to increase, the high percent-
age of prolonged ED-LOS in this population will have a profound impact on EDs. The intro-
duction of a similar target in the Netherlands may facilitate the required modification of the
emergency care system in order to improve the quality of acute care [18,47,48].

The risks associated with a prolonged ED-LOS and a complete evaluation need to be
weighed against the benefits of a shorter ED-LOS with possible incomplete evaluation, balanc-
ing efficiency with accuracy and optimal care in this vulnerable group. Furthermore, patients
that would benefit from a higher degree of expertise and are more susceptible to risks associ-
ated with prolonged ED-LOS need to be identified. Future prospective studies could examine
the impact of prolonged ED-LOS on the quality of care for the elderly and patient outcome,
specifically relevant to this population, such as the occurence of complications, hospital LOS
and functional decline.
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Conclusions

ED-LOS was considerably longer in elderly patients than in younger patients in our ED. Pro-
longed ED-LOS in elderly patients was associated with medical and organisational factors,
such as a higher number of tests or consultations involved during the ED visit and the low
seniority of the physician. Baseline factors, such as medical history, appeared to be of limited
influence on prolonged ED-LOS. These findings indicate that improving operational efficiency
and coordination in emergency care processes by focusing on organisational factors, without
compromising quality of care, is necessary to better suit the needs of the continuously growing
population of elderly patients in the ED.

Supporting Information

S1 Table. Miscellaneous complaints in elderly and younger patients and prolonged
ED-LOS.
(DOCX)
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