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Background: Emergency department (ED) crowding has been described as the most serious 
problem that endangers the reliability of healthcare system worldwide. The aim of this study 
was to explore the possible relationship of ED crowding status and length of stay in patient 
received care. In addition, association between LOS and other variables in relation to 
crowding status has been explored.
Methods: This is a retrospective cohort analysis study done by using dataset abstracted from 
Quadra Med Information System of patients visited emergency department of a tertiary 
university hospital at Eastern Province of Saudi Arabia during the period of January 1st, 
2018 to December 30th, 2018. ED occupancy rates were used to define crowding status (as 
crowding and overcrowding), while the percentage of patient who spent in ED more than 6 
hours was used to define the length of stay in ED.
Results: There were 53,309 crowded and 57,290 overcrowded presentations in ED. The 
median length ± interquartile range of the length of stay for low-crowded and high-crowded 
conditions were 211 ± 606 and 242 ± 659 minutes, respectively. There was a significant 
association between ED crowding status and length of stay (p < 0.05).
Conclusion: The increased patients’ length of stay at ED was associated with crowding 
status of ED. Therefore, decision-makers at ministry of health should develop and implement 
measures and interventions to shed light on the causes of crowding, to reduce the crowding at 
ED, and resolve the problem steamed from such crowding for the purpose of shorten 
patients’ length of stay at ED.
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Introduction
Crowding status of emergency department is considered a significant issue in 
healthcare globally.1 Emergency department crowding is viewed as a condition in 
which the recognized needs for emergency services surpasses available resources 
for patient care in the ED.2

Emergency department crowding leads to negative consequences, such as delay 
in patient’s admission, decrease in quality of healthcare, prolonged waiting times, 
reduced patient satisfaction, upsurge number of patients who left without being 
seen, and increase medical errors.3–7

There are many causes of ED crowding have been reported in the literature.8 

Among these causes is in-patient “access block”, which occurs when the waiting 
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time of ED patients requiring admission exceeds 8 hours 
or simply put, this refers to patient delays in accessing in- 
patient beds after getting admitted.9,10 These access blocks 
resulted in extended lengths of stay in inpatient depart-
ments and increased patient mortality.11

It has been argued that length of stay is not considered 
as a direct measure of ED crowding, but rather it is 
a significant indicator and a device/means to invigilate 
emergency care quality.12,13 Augmented length of stay 
has been correlated with unfavorable outcomes, deferrals 
in therapy, increase patient dissatisfaction, and lower 
patient safety.3,14

Earlier studies attempted to determine the effects of ED 
overcrowding on patient outcome. For example, the find-
ings of Boulain et al, Mataloni et al, Hsieh et al, Al- 
Qahtani et al, and Akhtar et al studies, respectively,4–7,15 

confirmed that as long as patients stayed in EDs, death and 
morbidity rates increased, inter hospital stays increases, 
whereas healthcare personnel’s conformity with treatment 
protocols declines.4–7,15 Other studies assessed increases 
in the number of patients in high-crowded and low- 
crowded EDs, and found significant differences in 
patients’ lengths of stay between those who arrived during 
high crowding and low crowding. However, arriving dur-
ing high crowded times was not associated with overall 
mortality, as most assessed patients were non-urgent 
cases.16–18

Another study conducted at 14 medical centers 
throughout Southern California revealed that total length 
of stay was associated with increased risks of hospitaliza-
tion or death after being discharged.19 Furthermore, 
a retrospective study showed that during high-crowded 
periods in EDs, there were increases in patient admissions, 
particularly, elderly patients, increases in waiting times, 
and lengths of visits.20

In general, the literature indicates that ED overcrowd-
ing might lead to adverse impact on patient outcomes. 
Therefore, the associations between ED crowding status 
and patient outcomes should be assessed. Up to the 
authors’ knowledge, large bulk of research on this matter 
has been conducted in Western countries, while limited 
number of similar studies have been done in Saudi Arabia. 
It might be anticipated that verifying the presence of 
associations between ED crowding, and increased lengths 
of stay may inspire decision-makers to report ED crowd-
ing among the top public health priorities in Saudi Arabia. 
Thus, the main objective of the present study is to explore 
the possible association between ED crowding status and 

patients’ lengths of stay at a teaching hospital in the 
Eastern Province of Saudi Arabia. It is hoped that the 
present study will narrow that gap and yield a worth 
evidence on the subject, and will add to the current knowl-
edge base about the matter of EDs crowding status and 
patient outcome.

Methods
This is a retrospective cohort analysis study done by using 
an existing dataset abstracted from Quadra Med 
Information System of patients who presented to the emer-
gency department of a university hospital in the Eastern 
Province, Saudi Arabia during the period of 
1 January 2018 to 30 December 2018. This university 
hospital is a mixed adult and pediatric tertiary hospital 
that provides services, mainly, OB/GYN, resuscitation, 
surgical, pediatrics, cardiac and trauma care. This hospital 
involves a 440 bed capacity. The emergency department 
includes 44 beds.

The ED occupancy rates were used to define crowding 
status in order to standardize comparisons of crowding 
states across different ED time. This measure has been 
widely accepted as the “crowding index”.21 The percen-
tage of patients who spent in ED more than 6 hours was 
used to define the length of stay in ED.

The target population includes all patients showed in 
the ED during the calendar year of 2018. The 
calendar year was divided into 4 quarters. The first quarter 
start from January 1st to March 31st 2018, the second 
quarter start from April 1st to June 30th 2018; the third 
quarter start from July 1st to September 30th 2018; and 
fourth quarter start from October 1st to December 31st 
2018.

According to Cha et al,22 the occupancy rate to quan-
tify the ED crowding status was considered as low 
crowded if the ED occupancy rate ≤0.50 and as high 
crowded if 1.00 ≤ED occupancy rates. In the present 
study, the occupancy rate was computed based on the 
World Health Organization23 occupancy rate formula: 
Utilized bed-days x 100/available bed-days during the 
calendar year. Therefore, the occupancy rate for the 1st 
quarter = 2.59, for the 2nd quarter = 2.46, for the 3rd 
quarter = 2.68, and for the 4th quarter = 3. While the 
occupancy rate in this study is > 1 for all quarters, then 
all quarters were considered as crowded periods. 
Nevertheless, based on the number of patients visits during 
individual quarter of the year 2018, it appears that the 2nd 
quarter period has the lowest number of patient visits 
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(23% of the total visits), while the 4th quarter period has 
the highest number of patients visits (29% of the total 
visits). Consequently, the 2nd and 4th quartiles would be 
considered as crowded and overcrowded periods for our 
comparison analysis.

The inclusion criteria for our study included patient 
presenting at the university hospital’s ED during crowding 
and overcrowding periods of the year of 2018. While the 
exclusion criteria includes patients presenting at this hos-
pital during quarters other than the 2nd and 4th quarters of 
the year 2018.

The patients’ electronic medical records include vari-
ables such as: age, gender, nationality, triage level, and 
length of stay in the ED by minutes. There were 16% and 
17.8% of patients spent more than 6 hours in ED during 
the crowded and overcrowded periods, respectively.

Ethical approval for conducting the study was secured 
from Imam Abdurrahman Bin Faisal University’s research 
ethical review board (IRB-PG5-2019-03-399). Patients’ 
written informed consent to review their medical records 
was not required by the ethics review board, because the 
data used in this study were retrieved from the patients’ 
electronic health records found in the Quadra Med system 
during the year 2018 was anonymized. The patient data 

were collected anonymously, and the information obtained 
is kept confidential. This study complies with the 
Declaration of Helsinki. The IBM SPSS software for 
Mac will be used for statistical analysis. Mean and stan-
dard deviation were used to report continuous variables. 
Frequency and percentage were used to report categorical 
variables. The Mann–Whitney U-test and Kruskal–Wallis 
test were used to determine if there were any significant 
differences in the median length of stay by demographic 
variables between high- and low-crowded periods. Linear 
regression was conducted to identify potential association 
between ED crowding status and prolonged lengths of 
stay. The p-value <0.05 was used as cut-off values for 
significance.

Results
Table 1 shows the results of the Mann–Whitney U-test and 
Kruskal–Wallis test to determine if there were any signifi-
cant differences in the median length of stay by demo-
graphic variables. All the variables (except for nationality 
in low-crowded period) were found to be significant (p < 
0.000) for both crowding options. The results showed that 
the length of stay was higher for male patients, especially 
in the high-crowding ED. In addition, patients aged 75 

Table 1 Median of Length of Stay by Demographic Variables

Low Crowded Median (IQR) p-value High Crowded Median (IQR) p-value

Age

Less than 15Y 175 (535) 232 (612)

<0.001

15Y – 29Y 195 (602) 216 (642)
30Y – 44Y 220 (628) <0.001 248 (691)

45Y – 59Y 248 (649) 286 (715)

60Y – 74Y 289 (623) 328 (645)
More than 75Y 298 (542) 344 (539)

Gender
Male 218 (622) <0.001 262 (681) <0.001
Female 201 (591) 220 (628)

Nationality

Saudi 211 (609) <0.001 243 (661) <0.001
Non-Saudi 209 (597) 237 (638)

Triage

1. Immediate 87 (160) <0.001 164 (290) <0.001
2. Highly urgent (10 min.) 377 (734) 378.5 (1020)
3. Urgent (30 min.) 263 (390) 279 (654)

4. Standard (60 min.) 195 (520) 237 (654)

5. Non- urgent (120 min.) 146 (506) 159 (492)

Abbreviation: IQR, interquartile range.
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years and above had longer stays, regardless of crowding 
status, compared to other age groups. Patients classified in 
Triage 2 had the highest length of stay in both ED crowd-
ing status compared to other triage level patients.

Since there were significant associations (p < 0.000) 
between the median length of stay at two crowding 
options and variables: age, gender, nationality, and triage 
level (Table 1), a dummy regression analysis was con-
ducted to quantify the association between the crowding 
status and increases in lengths of stay. Table 2 revealed 
that the length of stay for female patients tend to be 
significantly lower than that of male patients in the low- 
crowded ED. Patients whose age group between 60 and 
74 and those above 75 years old tend to spend signifi-
cantly (p < 0.05) more time (139.98 and 88.87, respec-
tively,) in low crowded ED compared with that for 

younger patients whose age less than 15 years old. The 
patients’ length of stay at triage 2, 3, and 4 tend to be 
significantly (p < 0.05) higher by 310.8, 157.7, and 95.8 
unit, respectively compared with that at triage 5. Patients 
with trauma and cutwound complaint tend to spend sig-
nificantly (p < 0.000) more time (74.3 minutes) in low- 
crowd ED compared with that of patients with pregnancy 
issues complaints. However, the length of stay for 
patients with fever complaint was significantly (p < 
0.05) lower than that of patients with pregnancy issue 
complaints.

Table 3 shows that the length of stay for female 
patients tend to be significantly (p < 0.00) lower than 
that of male patients in the high-crowded ED. Patients 
whose age group between 15–29, 30–44, and 45–59 
years old tend to spend significantly (p < 0.05) less 

Table 2 Regression Analysis for Length of Stay in Low-Crowding 
ED

B SE p-value

(Constant) 316.779 22.096 0.000

Female −43.659 7.769 0.000

Age categories:

Age 15–29 41.193 10.626 0.000

Age 30–44 48.147 12.211 0.000

Age 45–59 72.959 15.467 0.000

Age 60–74 139.988 21.496 0.000

Age above 75 88.866 36.619 0.015

Saudi 21.291 11.285 0.059

Triage levels:

Triage 1 247.125 515.317 0.632

Triage 2 310.777 137.978 0.024

Triage 3 157.688 17.525 0.000

Triage 4 95.762 9.155 0.000

Chief Complaint:

Abdominal and chest pain 10.863 14.274 0.447

Fever −44.882 16.400 0.006

Cough and cold −18.078 15.476 0.243

Trauma and Cutwound 74.284 18.333 0.000

Notes: Reference categories: Gender: male; Age: <15 years; Nationality: non-Saudi; 
Triage level: triage 5; Chief complaint: patients with pregnancy issue complaints.

Table 3 Regression Analysis for Length of Stay in High-Crowded 
ED

B Std. Error p-value

(Constant) 400.588 21.598 0.000

Female −65.708 7.548 0.000

Age categories:

Age 15–29 −78.862 9.844 0.000

Age 30–44 −74.617 11.661 0.000

Age 45–59 −38.590 15.172 0.011

Age 60–74 29.815 21.079 0.157

Age above 75 63.262 38.615 0.101

Saudi 33.604 11.017 0.002

Triage levels:

Triage 1 77.976 515.046 0.880

Triage 2 −4.699 230.653 0.984

Triage 3 127.076 21.801 0.000

Triage 4 92.433 8.275 0.000

Chief Complaint:

Abdominal and chest pain 58.347 15.659 0.000

Fever −1.730 16.745 0.918

Cough and cold −8.328 16.321 0.610

Trauma and Cutwound 57.210 19.531 0.003

Notes: Reference categories: Gender: male; Age: <15 years; Nationality: non-Saudi; 
Triage level: triage 5; Chief complaint: patients with pregnancy issue complaints.
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time (79, 75, and 39 minutes respectively) in high- 
crowded ED compared with that for younger patients 
whose age less than 15 years old. The table also revealed 
that the length of stay for Saudi patients tends to be 
significantly (p = 0.002) higher than that of non-Saudi. 
The patients’ length of stay at triage 3 and 4 tends to be 
significantly (p < 0.00) higher by 127 and 92 minutes, 
respectively, compared with that at triage 5. Patients with 
abdominal and chest pain as well as patients with trauma 
and cutwound complaint tend to spend significantly (p < 
0.000) more time (58 and 57 minutes) in high-crowded 
ED compared with that of patients with pregnancy issues 
complaints.

Discussion
The aim of this study was to identify the possible associa-
tion between ED crowding status and patient outcomes. 
ED high crowding and patient outcomes are related in 
multiple ways, as demonstrated by previous studies con-
ducted across the globe. Our findings, based on a large 
sample of 110,554 patients (48.2% in a low crowded ED 
and 51.8% in a high crowded ED in 2018), revealed an 
occupancy rate of 2.46 for the low crowded ED and 3 for 
the high crowded ED. The latter mainly impacted length of 
stay, which was significantly higher than for a low- 
crowded ED.

Previous studies viewed the average length of stay as 
an indicator for ED overcrowding.11,16,24 The median 
length of stay in our study was found to be higher during 
the high-crowded ED period (median 242 minutes vs 211 
minutes in low-crowded ED). This result was also statis-
tically significant, indicating that high crowding in the ED 
does have an impact on patients’ average length of stay. 
This is in line with other studies from Taiwan and the 
Netherlands whose results show that an ED’s high crowd-
ing results in increased lengths of stay, independent of age, 
sex, and time of arrival at the ED.17,24 Two more studies, 
one conducted in Qatar and the other in Negara, assessed 
length of stay, the adverse impacts on patient outcome, and 
their associations with a highly crowded ED, revealing 
that the major reason for increased length of stay at an 
ED was overcrowding.18,25

A study from Nepal also revealed an association 
between longer lengths of stay and ED high crowding, 
poor patient care, and decreased levels of patient 
satisfaction.26

Moreover, our result shows that men tend to have 
longer LOS than female in both crowding time. This 

might be related to gender-based hazard and treatment 
seeking behavior as mentioned by Okoroiwu et al.27

On the other hand, there were statistically significant 
relationships between older and younger patients. 
Specifically, the lengths of stay for those aged 60–74 aver-
aged 328 and 289 minutes respectively in both crowding 
status, and for those 75 years old and older, they averaged 
344 and 298 minutes in both crowding periods, respectively. 
This result was in line with a study in Sweden that showed 
that the elderly are at particular risk of long lengths of stay 
and of revisiting the ED within 72 hours.28

This study also considered the triaging of patients, and 
the results showed that the largest number of triage level 
associated with level four (standard, 62.7%) of the parti-
cipants in a high-crowded ED with 159 minutes of LOS, 
and level five (Non-urgent 33.1%) of the participants in 
high-crowded with 237 minutes of LOS which in line with 
the result of two studies came from Sweden16 and Saudi 
Arabia29 indicating the LOS is increasing with less urgent 
cases leading to elevating crowding status.

In the current study, regression analyses showed that 
demographic variables (such as gender and nationality) 
and triage level were significant predictors of increased 
length of stay in both low- and high-crowded EDs. This 
concurred in part with several previous studies.25,30–32

Limitations
The current study had numerous limitations. First, the 
study was conducted in a tertiary university hospital; 
therefore, generalization to further health institutions 
should be done with carefulness. Second, this study con-
centrated on patient outcomes in terms of length of stay, 
forthcoming researches are suggested to shed light on 
another significant patient outcomes such as patients leav-
ing without being seen or leaving against medical advice 
as a result of high crowding circumstances. Third, the 
research data were pulled from an electronic health data 
record system with incomplete data entries; accordingly, it 
is suggested that upcoming researches concentrated on the 
completeness and quality dimensions of electronic health 
record data. Fourth, our study investigated traditional 
emergency department practices such as nurse triaging, 
other methods such as emergency department physician 
triaging should be thought of in upcoming studies. Fifth, 
the finding of our study shows that LOS and overcrowding 
are associated, but it is difficult to comprehend which is 
the cause and which the effect. So, it is suggested that 
cause–effect relationship is investigate in the future 
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studies. Sixth, our study used occupancy rate to defined 
crowding status, forthcoming studies are suggested to us 
other methods for analyzing the crowding in the dataset as 
daily or mid-daily data. Finally, this study was conducted 
in one institute; therefore, it is suggested that upcoming 
studies focused on polycentric.

Recommendation
For decision-makers at Ministry of Health, it is highly recom-
mended to focus on creating campaign for enhancing the 
community awareness about the health services provided at 
Public Health Centers, mainly the emergency department.

For decision-makers at hospital level, it is recom-
mended rising bed occupancy, particularly at emergency 
departments.

For decision-makers at human resources management 
departments, it is highly recommended developing work-
shops and on-hand training that focus on evolving and 
fostering the soft skills of electronic health record person-
nel to build their capability to enter/manage patients’ data 
in those electronic systems used in emergency departments 
in full and precise approaches.

Conclusion
Effective measures to reduce crowding in emergency 
departments should be well planned, and they should 
take into account results from prior researches that shed 
light on the impact of emergency department crowding 
status on patient outcomes. Elements such as shift time, 
triage priority, and demographic considerations are key 
factors, however they have not been thought as major 
elements in prior researches. Therefore, upcoming studies 
should take into account those elements as they further 
investigate this important issue.
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