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Abstract

Introduction: Emergency overcrowding is defined as when the amount of care required for patients
overcomes the available amount. This can cause delays in delivering critical care in situations like stroke.
Objective: The aim of this study was to assess the possible impact of emergency department (ED) crowding
on the quality of care for acute stroke patients.

Methods: In this cross-sectional prospective study, all patients with symptoms of acute stroke presenting to
the ED of educational hospitals were enrolled. All patients were assessed and examined by the emergency
medicine (EM) residents on shift and a questionnaire was filled out for them. The amount of time that passed
from the first triage to performing the required interventions and delivering health services were recorded by
the triage nurse. ED crowding was measured by the occupancy rate. Then, the correlation between all of the
variables and ED crowding level were calculated.

Results: The average daily bed occupancy rate was 184.9 + 54.3%. The median time passed from the first
triage to performing the interventions were as follows: the first EM resident visit after 34 min, the first
neurologic visit after 138 min, head CT after 134 min, ECG after 104 min and ASA administration after 210 min.
There was no statistically significant relationship between the ED occupancy rate and the time elapsed before
different required health services in the management of stroke patients either throughout an entire day or
during each 8-hour interval (p > 0.05).

Conclusion: In the current study, the ED occupancy rate was not significantly correlated with the time frame
associated with management of admitted acute stroke patients.
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Over 100 million visits occur annually to overcrowding on the quality of health care services

emergency departments (ED)s of the United States.
Nowadays there are reports of overcrowding of
many EDs all around the world, which has caused a
great deal of concern about the adequacy of
emergency service capacity (1-3). Overcrowding is
a sign of a systemic problem and its underlying
reasons are divided into three principal categories
of input, throughput, and output problems. Input
problems are generally related to non-urgent visits
like “frequent-flyer patients” (4-6). Throughput
problems are usually referred to as problems
related to the care and treatment process in EDs.
The most important reason behind this core
problem is the lack of qualified health care
providers (7). In the output section, the reasons are
usually related to delays in admission of patients to
their relevant wards (8, 9). The effects of ED

is an important measurement that may take into
account throughput problems.

There are some critical diagnoses in which time
elapsed before treatment has a major impact on
patient outcomes, including stroke. Urgent
management in the first few hours after stroke
presentation is vital. This requires an early clinical
diagnosis following proper history taking, a
physical examination, and conducting standard
imaging modalities (10, 11). The recent guideline
on adult stroke, released by the National Institute
of Neurological Disorders and Stroke (NINDS), has
recommended performing a brain computed
tomography (CT) scan within the first 25 minutes
of patient admission. They have also declared that
the CT scan should be read within the first 45
minutes, and thrombolytic drugs should be
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administered within 60 minutes (door to
treatment) if indicated (12, 13). Stroke
management should be initialized as soon as
possible. Prompt presentation and evaluation are
critical to obtain a good outcome and prognosis,
but it has been claimed that ED crowding can cause
delays in proper care of patients presenting to the
ED. In this study, we decided to evaluate the
possible effect of ED crowding on the management
of patients with acute stroke presentation.

Study design

This cross-sectional prospective study was
performed in the ED of Shariati Hospital, Tehran,
Iran during the year 2014. This hospital is a tertiary
referral hospital. The ED consist of four main parts
with different acuity based on the triage level
including emergent part 1, emergent part 2, fast
track exam room, cardiorespiratory resuscitation
(CPR) room, and the triage room. One emergency
medicine (EM) resident is present in each part
fulltime and one EM resident is in charge 24 hours
a day, 7 days a week. These two hospitals have
almost the same number of beds, staff, and
resources. The study protocol was approved by the
ethical committee of the Tehran University of
Medical Sciences.

Study population

All patients older than 18 years old that presented
with any focal neurologic deficits suggestive of
acute stroke (ischemic, hemorrhagic, transient
ischemic attack) were enrolled. Patients who were
unwilling to share their data with us, patients who
left the hospital before entering their data in
questionnaires, patients who had concomitant
head trauma, and patients who did not know the
exact onset time of their presentations, and those
with persistence of symptoms for more than a day
were excluded.

Data gathering

Patients were assessed for having the criteria and
enrollment in the study by the triage nurse or EM
residents. Patients were admitted to the
appropriate ED section based on their triage level

and were visited by the EM resident. A pre-
prepared checklist including demographic data,
time of onset of the symptoms, the first EM resident
visit, the first neurology resident visit, time of
performing the brain CT and electrocardiogram
recording, and time of aspirin administration were
recorded by the investigator.

Definitions

Each 24-hour-shift was divided into three 8-hour-
intervals (morning: 8 a.m. to 4 p.m. evening: 4 p.m.
to 12 a.m. night: 12 a.m. to 8 a.m.).

ED crowding in each time interval was calculated
by the occupancy rate formula. The occupancy rate
is defined by the total number of patients in the ED
divided by the number of licensed ED beds (14).
Primary and secondary endpoints

The relationships between the averages of all
variables were evaluated with the average
occupancy rate during the three mentioned time
intervals. The primary endpoint was to evaluate
the correlation between the time spent in stroke
management with the ED occupancy rate during
the three time intervals (morning, evening, night).
One of our secondary endpoints was to determine
the time interval with the greatest occupancy rate
and the time interval with the longest delay in
stroke management. The other was to estimate the
average time spent before performing different
steps of stroke management.

Statistical analysis

All recorded data were checked for normality and
were analyzed by SPSS version 21. Data are
presented as means and standard deviation (SD),
frequencies, or medians with interquartile ranges
(IQRs) for nonparametric time data. The
correlation between the ED occupancy rates with
the study variables were assessed with correlation
analysis. Because the occupancy rates of the two
hospitals were the same, we reported the average
time of the different items in the two hospitals
together. A P-value < 0.05 was defined as
significant.

One hundred and four patients with symptoms

The baseline characteristics and values of the enrolled patients

Variable Mean + SD Median (Min-Max)
Age (year) 68.7+11.1 69 (34-92)
Admitted patients (number) 55.5+16.3 58 (22-98)
Emergency department occupancy rate (percent) 184.9 +54.2 193.3 (73.3-328.3)
Triage to EM physician visit (min) 42 +30 34 (5-140)
Triage to neurologist visit (min) 148+ 99 138 (5-545)
Triage to ECG (min) 114+ 65 104 (15-366)
Triage to brain CT (min) 135+58 2:14 (35-366)
Triage to aspirin administration (min) 221+£69 210 (60-480)
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The mean of baseline measured values in each of the time intervals

. . Morning | Evening Night
Time periods Mean £ SD*
Triage to EM physician visit 39+31 43 +30 47 £25
Triage to neurologist visit 163 +111 132+89 139 £65
Triage to ECG 111+ 60 125+71 117 + 60
Triage to brain CT 126 £57 143 +57 142+ 63
Triage to aspirin administration 190 + 66 227+ 69 243+49

*values are presented in minutes

The relationship of the ED occupancy rate with time spent for different required health services during various time intervals

Time periods 24 hours | Morning | Evening | Night
p-value*

Triage to EM physician visit 0.86 0.30 0.64 0.98

Triage to neurologist visit 0.51 0.93 0.53 0.32

Triage to ECG 0.56 0.73 0.81 0.62

Triage to brain CT 0.57 0.17 0.21 0.51

Triage to aspirin administration 0.67 0.67 0.67 0.12

*Based on the findings of Spearman’s correlation test

suspicious of acute stroke were enrolled. The
average age was 68.7 £ 11.1 years old and 62
(59.6%) patients were men. The baseline
characteristics and values of the patients have been
summarized in Table 1.

The mean ED occupancy rate in the morning,
evening, and night were as follows, respectively:
184.55+54.36,190.98+54.57,and 160.35+50.11.
The mean baseline measured values in each of
various time intervals are shown in Table 2.

The relationship of the ED occupancy rate with the
measured time spent for different required health
services during the various three 8-hour intervals
was evaluated and the results are shown in Table 3.
There was no statistically significant relationship
between the occupancy rate and the time spent for
different required health services in the
management of stroke patients either by day or for
each of the 8-hour intervals (p > 0.05).

Based on the findings of the current study, the ED
occupancy rate had no statistically significant effect
on required health services for patients suspicious
for stroke. There are generally four basic patterns
recognized in ED overcrowding impacts: adverse
outcomes, decreased quality, impaired access, and
provider losses. Unpleasant consequences are the
mortality and morbidity threatening patients’ lives
(15-20). Delays in patients’ transfers or treatment
are examples of declines in the quality of care (21).
The complexity in ED overcrowding problems has
some remedies. The most useful solutions are: 1)
increasing the resources, 2) demand management,
and 3) operations research (22-25).

In 2015, a systematic review was published and it

introduced three main factors related to the quality
of care of patients, including the number of patients
awaiting triage, the ED occupancy rate, and the
number of patients on the waiting list for wards’
admission (26). In contrast, we could not find a
significant relationship between the ED occupancy
rate and the quality of care for stroke patients.
Jungehulsing et al. evaluated the leading factors
affecting patients’ care in acute stroke. Their study
revealed that more acute presentation, a more
severe initial National Institutes of Health Stroke
Scale (NIHSS), admission at two specific hospitals,
admission on weekends, and having private health
insurance were significantly associated with fewer
delays (27). Ben-Yakov et al. in 2015 showed that
greater severity of ED crowding was related to a
lower likelihood of discharge for transientischemic
attack and minor strokes (28).

In confirmation of the results of this study,
Chaterjee et al. in 2011 concluded that ED
crowding was not associated with care delays in
thrombolysis-eligible  patients with  stroke.
However, they showed that patients with
symptoms for longer than 3 hours and without
thrombolytic indications experienced CT delays
during higher levels of ED crowding (29). In
addition, Chen et al. in 2006 showed that the
presence of concurrent trauma evaluation, which
causes higher ED crowding, did not delay CT
imaging of patients with a suspicion of stroke (30).
Madej-Fermo et al,, in a retrospective study, also
showed that nursing shift changes and time of
transition of care did not cause delays in
thrombolytic administration in eligible patients
with a diagnosis of acute ischemic stroke (31).

It seems that the discrepancy in the viewpoints of
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various researchers is still present in this subject.
Therefore, to promote discussion and eventual
generalization of the results, and considering the
urgency of administering therapeutic measures in
acute stroke, we recommend performing
additional studies with greater sample sizes in this
field.

Limitations

We evaluated the occupancy rate in only one
tertiary referral hospital in Tehran, so our results
may not be generalizable. We calculated the ED
crowding by the occupancy rate; it has been
suggested that other formulas may estimate ED
crowding more accurately. Documentation error is
an important problem in our study, and thus it was

In the current study, the ED occupancy rate had no
significant effect on the management of admitted
acute stroke patients.
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