
Abstract
Emergency Department (ED) Length Of Stay (ED-LOS) is

associated with quality of care, patient safety and treatment out-
come. The aim of this study is to identify factors associated with
ED-LOS of internal medicine patients and provide recommenda-
tions to shorten ED-LOS. A retrospective cohort study was con-
ducted in a single center in the Netherlands. Anonymised data of
7,380 ED attendances from January 2016 to January 2018 were
analyzed. Data included time of ED arrival and departure, sex, age,
source of referral, triage category, first or consecutive visit and
number of radiological examinations. Univariate analyses were
used. Mean ED-LOS was 220 minutes. Factors which significantly

prolonged ED-LOS were older age, source of referral, triage cate-
gory, need for admission, first visit, number of radiological exam-
inations, presentation in winter or spring and time of arrival (day
and evening). Several patient and circumstantial factors are associ-
ated with ED-LOS. To shorten ED-LOS, we recommend to antici-
pate need for admission for older patients who arrive by ambu-
lance and to create time slots in the radiology program and to
restructure the morning report. 

Introduction
The time a patient spends at the Emergency Department (ED)

has become an increasingly discussed quality measure, since pro-
longed ED Length Of Stay (ED-LOS) is associated with reduced
patient satisfaction, prolonged hospital stay, increased mortality,
increased number of patients leaving without consultation with an
ED physician and higher healthcare costs.1-8 Moreover, prolonged
ED-LOS leads to crowding, which occurs when the need for emer-
gency services exceeds available resources at the ED. Prolonged
ED-LOS can also be the result of crowding, yielding a vicious
cycle.9

It is worthwhile to elucidate the determinants of ED-LOS and
identify possible modifiable factors to eventually improve quality
of care. Previous studies have described many factors responsible
for ED-LOS, including patient related factors such as age and eth-
nicity; process related factors such as diagnostics, consultation,
source of referral, triage category and need for admittance; hospital
related factors such as staff occupation, seniority physician and
bed occupancy at the clinical wards, Intensive Care and the ED;
and time related variables such as season, day of the week and time
of arrival.5,10-21 Vegting, Alam et al. and Vegting, Nanayakkara et
al. demonstrated in a study in 2 hospitals in the Netherlands that
patients referred to the internal medicine department were most
likely to exceed a four-hour target of ED-LOS compared to other
medical specialties.17,18

The primary objective of this study is to identify factors that
are associated with longer ED-LOS of internal medicine patients.
The second objective is to provide recommendations to shorten
ED-LOS for this patient category.

Materials and Methods

Study design and participants
A retrospective cohort study was conducted at the

Diakonessenhuis Utrecht. The study population consisted of all
patients seen by internal medicine physicians at the ED of the
Diakonessenhuis between January 1st, 2016 and December 31st,
2017.
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Hospital setting
The Diakonessenhuis Utrecht is a 500-bed urban non-academ-

ic teaching hospital in the Netherlands. It is a hub and has a spoke
situated in the city of Zeist (at approximately 13 km distance) and
the city of Doorn (approximately 24 km distance). Annually, there
are approximately 23,500 day care admittances, 22,000 admit-
tances lasting longer than one day and 390,000 outpatient clinic
visits. The ED is situated at the Utrecht location. The catchment
area of the Diakonessenhuis consists of the city of Utrecht
(approximately 360,000 inhabitants) and the Utrecht province
(approximately 733,000 inhabitants). Two other hospitals are situ-
ated in the city of Utrecht; both tertiary referral hospitals; one aca-
demic (University Medical Center Utrecht, 1000 beds) and one
non-academic (St. Antonius hospital, 850 beds). 

The ED of the Diakonessenhuis is utilized to treat patients with
a wide range of pathology, except for multi trauma patients and
patients suspected to have an acute coronary syndrome needing
emergency coronary intervention. Those patients are referred to
the ED of the other city hospitals. The internal medicine physicians
in particular see the entire spectrum of the internal medicine plus
gastroenterology and geriatrics, aside from patients with stem cell
transplants and kidney transplants in the first year of follow-up.
Each year there are approximately 25,000-26,000 visits to the
Diakonessenhuis ED of which 14-15% is registered for the internal
medicine department. 

At the Diakonessenhuis, internal medicine patients (from now
on referred to as patients) are cared for in the ED by an internal
medicine resident (trainee and non-trainee) who is supervised by
an internist. During office hours (8 a.m. until 5 p.m.), this supervi-
sor is present in the hospital. Outside office hours, the internist is
available on-call. The day shift starts with one resident who is pre-
sent from 8 a.m. until 5 p.m. At 11 a.m., a second resident starts
who is present until 8 p.m. At 5 p.m., the evening shift begins with
two residents present until 11 p.m. One resident is present from 11
p.m. until 8 a.m. An Emergency Physician is always present for
consultation and coordination. 

Data collection
Data were anonymously extracted from the hospital registra-

tion system. Data included date and time of ED arrival and depar-
ture, sex, age, source of referral, triage category, presenting com-
plaint, destination, first or consecutive visits and number of radio-
logical examinations. The first author (SV) validated the database.
Reasons for exclusion of ED records were missing values, outliers,
duplicates or patient age <18 years. Missing values were patient
records where the data and time of ED arrival or departure were
not registered. Outliers were defined as records with an ED-LOS
of less than 25 or more than 1,200 minutes (cut-offs were deter-
mined after consensus between SV, SL and SS). Duplicates were
identified as records of patients having two ED visits within less
than 3 hours with the same presenting complaint. 

This analysis was done as part of a quality of care evaluation
using anonymized patient data, therefore was without the need for
patient informed consent. 

Definitions
ED-LOS was defined as the time interval in minutes between

patient arrival at the ED and patient departure (either discharge or
admission). Source of referral had 4 categories; free call (patient
arriving by ambulance after calling the alarm number); referral by
the General Practitioner (GP) by ambulance, referral by the GP
with own transportation and other (the radiology department, self-
referral, outpatient clinic, another hospital, another specialty, nurs-

ing home or consecutive visit). A consecutive visit was defined as
a patient visiting the ED within 48 hours with the same presenting
complaint. The Dutch Triage Standard was used for triage.22

Urgency levels (U) were classified as U0 (resuscitation), U1 (life-
threatening), U2 (emergent), U3 (urgent), U4 (non-urgent) and U5
(self-care advice). ED nurses register the triage category. The
triage category is missing whenever crowding prevents the ED
nurse from adequately registering the triage category because pri-
ority is given to direct patient care instead of these administrative
tasks. Since missing values concerning triage category are situa-
tion related and not patient related, data from these patients is used
in subgroup analyses not concerning triage category. Radiological
examinations performed at the ED included X-rays, Computed
Tomography (CT) scans, Magnetic Resonance Imaging (MRI)
scans, ultrasounds and ventilation/perfusion lung scans. The desti-
nation of patients was either discharge, admission or other (mortu-
ary, another institution or leaving before being treated). Patients
were categorized into groups according to age, <65 years or ≥ 65
years. Time of ED arrival was categorized into day (8 a.m. until 5
p.m.), evening (5 p.m. until midnight) and night (midnight till 8
a.m.). 

Statistical analysis
Descriptive statistics [mean, Standard Deviation (SD)] were

used to describe ED-LOS per factor. For the total population and
for each subcategory separately, normal distribution with slight
positive skewness was confirmed by visual inspection. Therefore,
parametric tests were used. Univariate analysis was used to test the
association of each factor with ED-LOS. A p-value <0.05 was con-
sidered statistically significant. Furthermore, independent sample
t-tests for binary variables and one-way Analysis Of Variance
(ANOVA) for categorical variables with multiple categories were
used. If there was significance with ANOVA, post hoc analyses
were used to determine significance relative to each other. Based
on the assumption of (un)equal sample sizes or (un)equal group
variances the post-hoc analyses were chosen (Tukey, Gabriel,
Hochberg’s GT2 or Games-Howell).23 The shortest ED-LOS was
used as the reference group. An exception was made with the fac-
tor triage category. Since U0 (resuscitation) and U5 (self-care
advice) are not representative of standard care, they were not eligi-
ble as a reference group. SPSS version 23.0 (IBM Corporation,
Chicago, USA) was used for all analysis.

Results

Overall population
In 2016 and 2017 in total, 51,265 patients visited the ED of the

Diakonessenhuis Utrecht. Of these, 7,613 visits (14.8%) were regis-
tered for the internal medicine department of which 7,380 visits
(96.9%) were eligible for data analysis. Of these 7,380 visits, 3,580
were registered in 2016 and 3,800 in 2017.  In total, 233 visits were
excluded because of missing values (n=13), outliers (n=37), dupli-
cates (n=92) or age <18 years (n=91). The mean age of patients was
59.2 years. There were slightly more females (n=3,969, 53.8%) than
males (n=3,411, 46.2%). Most patients visited the ED on Friday
(n=1,276, 17.3%). Mean (SD) ED-LOS was 220.1 (93.0) minutes.
Figure 1 shows the number of ED visits per 25-minute-duration
groups with the solid line representing the cumulative percentage of
ED-LOS. In Figure 2, both the number of patients and the mean ED-
LOS per hour of the day is shown. Most patients arrive at 4.00 p.m.
The longest ED-LOS is observed at 7.00 a.m.

                             Article
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ED-LOS per factor
Table 1 shows the ED-LOS per analysed factor. Patients older

than 65 years stayed longer in the ED compared to younger patients;
236.5 (90.5) and 206.2 (92.9) minutes, respectively (p<0.001).
Almost half of all patients were referred by their GP and came by
own transportation. Fewest patients (16.8%) came in as a free call.
There was a significant association between the source of referral
and the ED-LOS (p<0.001). Patients who were referred by their GP
and came by ambulance stayed the longest in the ED [242.7 (88.8)
minutes]. Compared to patients referred by other sources, both types
of GP referrals had a significant longer ED-LOS (p<0.001), whereas
free calls did not (p=0.12). Most patients were either given the triage
category U2 (n=2,455, 36.5%) or U3 (n=3,090, 45.9%). There was

also a group of patients (n=651) who were not given a triage catego-
ry. There was an association between the triage category and the ED-
LOS (p<0.001). Yet compared to the reference group U4, only U2
and U3 patients had a significantly longer ED-LOS (p<0.001). The
destination of the patient and the ED-LOS were associated. Being
admitted or going to another destination significantly caused a
longer ED-LOS compared to being discharged (p<0.001). In 84
cases (1.1%) patients came back for a second visit with the same pre-
senting complaint within 48 hours. These patients had a significantly
shorter ED-LOS than first time visit patients [189.4 (119.4) and
220.5 (92.6) minutes, respectively; p<0.05]. The mean ED-LOS sig-
nificantly increased with increasing number of radiological exami-
nations, ranging from 190.1 (85.6) minutes without any tests to
299.3 (100.7) minutes when two or more examinations were done.

                                                                                                                              Article

Figure 1. Number of ED visits per and cumulative percentage of length of stay. Legend: Bars represent the number of ED visits per
length of stay (per 25 minute duration). The solid line represents the cumulative percentage of ED-LOS. ED: Emergency Department;
LOS: Length Of Stay.

Figure 2. Number of patients and mean ED-LOS per hour of arrival. ED: Emergency Department; LOS: Length Of Stay.
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Visits were equally distributed over the 4 seasons. Yet, the mean ED-
LOS differed significantly between seasons. In summer, ED-LOS
was the shortest [211.8 (92.7) minutes]. Compared to a summer
visit, visiting in winter and spring significantly lengthened the ED-
stay [230.9 (93.9) and 221.1 (94.3) minutes, respectively; p<0.05].
The ED-LOS did not significantly differ between males and females

or days of the week. More than half of the patients arrived at the ED
during the day (n=4,066, 55.1%). Almost one third of the patients
came in the evening (n=2,394, 32.4%). Arriving during the day or
evening resulted in the same mean ED-LOS [224.2 (89.8 and 93.5)
minutes), which was significantly longer compared to that of the
night-arrivals [199.0 (100.0) minutes; p<0.05].

                             Article

Table 1. ED-LOS of different groups of patients for the internal medicine department. 

Factors                                    Number of patients                      %      ED-LOS (minutes)                             p-valuea

                                                                                                                                           Mean                        SD                                   

Total                                                                       7,380                                            100                                           220.1                                93.0                                            
Sex                                                                                                                                                                                                                                                                  0.996
•      Male                                                             3,411                                           46.2                                           220.1                                93.7                                            
•      Female                                                         3,969                                           53.8                                           220.1                                92.5                                            
Age at ED arrival                                                                                                                                                                                                                                            <0.001
•      <65 years                                                    3,992                                           54.1                                           206.2                                92.9                                            
•      ≥65 years                                                    3,388                                           45.9                                           236.5                                90.5                                            
Source of referral                                                                                                                                                                                                                                     <0.001
•      Free call (112)                                           1,238                                           16.8                                           204.0                               103.2                                       0.124
•      GP – ambulance                                        1,783                                           24.2                                           242.7                                88.8                                      <0.001
•      GP – own transport                                  3,063                                           41.5                                           224.0                                85.8                                      <0.001
•      Otherb                                                          1,296                                           17.5                                           195.2                                96.4                                  Reference
Triage category                                                                                                                                                                                                                                              <0.001
•      U0 – Resuscitation                                       6                                                0.1                                            142.7                                61.6                                        0.850
•      U1 – Life-threatening                                392                                              5.8                                            213.0                                99.0                                        0.539
•      U2 – Emergent                                          2,455                                           36.5                                           230.2                                96.2                                      <0.001
•      U3 – Urgent                                                3,090                                           45.9                                           224.7                                88.9                                      <0.001
•      U4 – Non-urgent                                         768                                             11.4                                           201.8                                91.7                                  Reference
•      U5 – Self-care advice                                 18c                                              0.3                                            178.2                                82.1                                        0.993
Destination                                                                                                                                                                                                                                                 <0.001
•      Discharge                                                    3,241                                           43.9                                           191.3                                87.7                                  Reference
•      Admission                                                   4,081                                           55.3                                           241.9                                89.9                                      <0.001
•      Otherd                                                            58                                               0.8                                            296.0                               129.3                                     <0.001
Visit                                                                                                                                                                                                                                                                    <0.05
•      First visit                                                     7,296                                           98.9                                           220.5                                92.6                                            
•      Consecutive visite                                        84                                               1.1                                            189.4                               119.4                                           
Radiological examinations                                                                                                                                                                                                                      <0.001
•      No.0                                                              3,351                                           45.4                                           190.1                                85.6                                  Reference
•      No.1                                                              3,115                                           42.2                                           229.2                                82.2                                      <0.001
•      No.≥ 2f                                                           914                                             12.4                                           299.3                               100.7                                     <0.001
Seasong                                                                                                                                                                                                                                                            <0.001
•      Winter                                                          1,806                                           24.5                                           230.9                                93.9                                      <0.001
•      Spring                                                          1,843                                           25.0                                           221.2                                94.3                                       <0.05
•      Summer                                                       1,834                                           24.8                                           211.8                                92.7                                  Reference
•      Autumn                                                        1,897                                           25.7                                           216.9                                93.0                                        0.339
Day of the week                                                                                                                                                                                                                                           0.104
•      Monday                                                        1,131                                           15.3                                           222.6                                95.2                                            
•      Tuesday                                                         970                                             13.1                                           225.7                                93.4                                            
•      Wednesday                                                 1,025                                           13.9                                           217.5                                88.7                                            
•      Thursday                                                     1,074                                           14.6                                           218.3                                93.4                                            
•      Friday                                                           1,276                                           17.3                                           220.4                                88.1                                            
•      Saturday                                                        960                                             13.0                                           222.1                                95.1                                            
•      Sunday                                                           944                                             12.8                                           213.7                                98.1                                            
Time of arrival                                                                                                                                                                                                                                                <0.001
•      Day (8 a.m. till 5 p.m.)                              4,066                                           55.1                                           224.2                                89.8                                       <0.05
•      Evening (5 p.m. till midnight)                2,394                                           32.4                                           224.2                                93.5                                       <0.05
•      Night (midnight till 8 a.m.)                       920                                             12.5                                           199.0                               100.0                                 Reference
aBinary variables: independent samples t-test, categorical variables: ANOVA (one-way analysis of variance) plus post-hoc analyses. bSource of referral: Other: Radiology (N=340), Self-referral (n=105), Other hospital
(n=17), Other specialty (n=52), Nursing home (n=46), Outpatient clinic of the internist (n=536), Residency Diakonessenhuis Zeist (n=33), Consecutive visit (n=84), Control patient (n=83). cAdds up to 6,729, instead
of 7,380, since n=651 were not categorised and excluded from this subgroup analysis. dDestination: Other: Mortuary (n=7), Leaving without being seen (n=2), Other institution (n=48), Missing value (n=1).
eConsecutive visit: a patient visiting the ED within 48 hours with the same presenting complaint. fRadiological examinations: ≥2, maximum number of radiological examinations is 8 (n=2). gSeason: Winter is January
until March, Spring: April until June, Summer: July until September, Autumn: October until December. ED: Emergency Department; GP: general practitioner; LOS Length Of Stay.
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Other findings
Of patients over 65 years of age, 71.2% was admitted to the

hospital, in contrast to 41.8% of patients under 65 years of age.
Patients who were referred by their GP and came by ambulance
had the highest admittance percentage (83%). Of all returning
patients, 46.4% (n=39) were admitted at the second visit.

Discussion
We investigated factors influencing ED-LOS for internal

medicine department patients and found that patient’s age, source
of referral, triage category, discharge destination, first or consecu-
tive ED visit, number of radiological examinations, season and
time of arrival were significantly associated with ED-LOS, and
that sex and presenting day of the week were not.

Mean ED-LOS in our study was 220 minutes, which is longer
than in previous reports from other Dutch hospitals (120-170 min-
utes).16–18,24 One explanation might be that previous studies includ-
ed patients at the ED for all specialties, and not only internal
medicine patients. Compared to international data on ED-LOS,
varying from 160 to 440 minutes, our ED-LOS was relatively
short.5,14,20,25 Our results regarding sex, age and radiological exam-
inations are in accordance with previous findings.10-19,26 Brouns et
al. specifically investigated the effect of age of internal medicine
patients and demonstrated that the ED-LOS is considerably longer
(30 minutes) in elderly patients (≥ 65 years).13 Multiple studies
show that the kind of radiological examination also influences the
ED-LOS, where patients receiving CT, MRI or ultrasound investi-
gations stay longer in the ED compared to patients receiving only
conventional X-rays.10,14,17-19

The group of patients referred by their GP and arriving by
ambulance stays the longest in the ED and has the highest admit-
tance percentage. Inconsistency is noticed in literature, where
source of referral either does not affect ED-LOS,12,15,26 self-referred
patients and patients referred by radiology significantly shorten the
ED-LOS11,13,16 or patient arrival by ambulance significantly pro-
long ED-LOS.13,19

Most patients were triaged as category U2 and U3 and showed
significantly prolonged ED-LOS. U1 patients should be seen with-
in 10 minutes and therefore have no waiting time. U4 patients are
classified not urgent with a presenting complaint deemed not
severe, which probably means they can be handled fast and there-
fore can leave the ED sooner.13,17,19

We found that being admitted prolongs ED-LOS in compari-
son to being discharged. Bed occupancy in clinical wards causes
patients having to wait in the ED before being admitted.27,28

Administrative procedures, such as prescribing medication, writ-
ing admittance letters and recording assignments to nurses take
extra time. If patients are transferred to another institution, ED-
LOS is even longer. Both arranging transportation and a bed else-
where takes time. 

We assumed that more patients would visit the ED in winter
and spring, because of the influenza epidemic during these seasons
in 2016 and 2017. Remarkably, however, the number of visits was
equal for all seasons. The ED-LOS did vary though, with the
longest being observed in winter, followed by spring. This might
still be explained by the influenza season, since patients with
chronic lung diseases, who are more prone to influenza complica-
tions,29 might have visited the Pulmonology ED, at higher frequen-
cies and thereby occupying general ED resources. Our data only
concerns internal medicine patients and therefore we do not know

the total number of ED visits per day. 
Most patients visited the ED on Monday and Friday. Probably,

because in the Netherlands the GP refers the patient to the ED for
further examination and because patients prefer consulting their
own GP, who is available on weekdays only. Nonetheless, the ED-
LOS did not significantly change with day of the week, which is
comparable to the findings of Vegting et al.17

The same trend seems to occur for time of arrival. The frequen-
cy of patients arriving at the ED peaks at 4 p.m. at the end of the
GP’s consultation hours, yet the ED-LOS remains globally the
same. This might be explained by having more residents on the
floor between 4 and 8 p.m.  Patients stay the longest in the ED if
they arrive at 7 a.m. We speculate that this is because the resident
on night duty only assesses whether the patient is stable enough to
be seen later and that regular consultation is only started after the
8 a.m. report by the daytime resident. 

Vegting et al. and Bucheli et al. reported that ED-LOS was sig-
nificantly reduced if the supervisor was present in the hospital until
11 p.m.17,30 Our data does not support this. On the contrary, in our
study ED-LOS is the shortest during the night and the same during
day and evening. The supervisor is only physically present during
the day. Our mean ED-LOS during the night is shorter despite hav-
ing less residents available, yet the visit frequency is also far less.
A possible explanation for this finding might be that because of
fewer admissions in the night there is less delay in transportation
of the patient to the ward.

In 2012 van der Linden et al. conducted a survey among ED
nurse managers (n=62) from 63 EDs in the Netherlands about
crowding. Respondents cited consultation, radiology and laborato-
ry tests and hospital bed shortage as the 3 most important reasons
for crowding.24 We did not investigate the effect of consultations
and hospital bed shortage on ED-LOS in our study, but this
assumption is confirmed by previous studies.12,13,17,18,20,21

There are some limitations to our study. We used data from a
single urban non-academic teaching hospital in the Netherlands
and included data from internal medicine patients only, which may
limit generalizability. Furthermore, our database contained rou-
tinely collected data, thereby lacking information regarding num-
ber of consultations, bed occupancy rate, the seniority of the
attending physician and detailed information regarding the radio-
logical examination ordered. Moreover, when validating the
database, it became known that subprocesses -such as waiting
room time, triage time, treatment time and waiting time for admis-
sion- were inaccurately registered. This made it impossible to dis-
tinguish which subprocesses had the biggest influence on ED-
LOS. Lastly, since we primarily focused on identifying factors
affecting ED-LOS, a multivariate analysis was not performed.
Therefore, we cannot conclude about the relationship between
these factors. 

Recommendations
Based on our results we do the following recommendations to

EDs with a comparable organization and capacity as
Diakonessenhuis Utrecht; at the registration of a patient aged ≥65
years arriving by ambulance the clinical ward coordinator is
already asked to arrange the admittance of the patient.

Furthermore, because ED-LOS significantly increased with
increasing number of radiological examinations and literature sup-
ports that longest ED-LOS is found with CT and MRI scans, it
would be beneficial to create time slots in the radiology program
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specifically for emergency CT and MRI scans. First, more detailed
information regarding the number of emergency scans per day and
week is needed in order to plan this most efficiently. Besides that,
because the longest ED-LOS occurs at 7 a.m., the morning report
should be reorganised, so that the ED patient is attended to imme-
diately. Because of the small number of patients, presenting at this
hour, this intervention will not have great impact on the overall
ED-LOS. Lastly, accurate registration of the time the subprocesses
at the ED take can facilitate studying their impact on ED-LOS and
possibly identify subprocesses requiring interventions. 

Conclusions
Patient’s age, source of referral, triage category, discharge des-

tination, first or consecutive ED visit, number of radiological
examinations, season and time of arrival are significantly associat-
ed with ED-LOS. Based on these findings, we recommend several
actions be generated to shorten ED-LOS. For instance, early con-
tact with the clinical ward coordinator for patients >65 years who
arrive by ambulance, creating time slots in the radiology program
and restructuring the morning report. 
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