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Abstract

Background: Emergency Department (ED) is considered to be the heart of a hospital. Based on many studies, a well-organized physical
environment can enhance efficacy.

Objectives: In this study, we aimed to investigate the influence of physical environment in EDs on efficacy.

Materials and Methods: This analytical cross-sectional study was conducted via the faculty members of the ED and residents of Shahid
Beheshti University of Medical Sciences in Tehran, Iran. Data were collected using a predefined questionnaire. Descriptive statistics and
ANOVA were used to analyze the data.

Results: Sixty-two participants, including 21 females and 41 males, completed the questionnaires. The mean age of the participants was
37 years (SD: 8.42). The mean work experience was 8 years (SD: 4.52) and all the studied variables varied within a range of 3.3 - 4.2. Time
indices had the highest mean among variables followed by capacity, work space, treatment units, critical care units and, triage indices,
respectively.

Conclusions: In general, time indices including length of patient stay in the ED and space capacity,emphasizing the need to address these
shortcomings.

Keywords: Hospital Design and Construction, Environment Design, Accident and Emergency Department, Physical Challenges

1. Background

Emergency Departments (ED) play a critical role in re-
sponding to medical emergencies. The ED is considered
to be the heart of a hospital (1-6).

Physical environment of an ED has a significant effect on
performance. According to many studies, a well-organized
physical environment enhances the efficacy and improves
the speed and precision in providing services (1, 2, 7-10).
However,according to many studies physical environment
of EDs requires more attention than other departments. In
aresearch by Ebrahimi et al. ED has been introduced as the
most challenging physical environments among the Irani-
an therapeutic units (11). Recently, Iran’s Ministry of Health
has given EDs the first priority for revision and allocated a
considerable budget to this issue.

Despite the significance of this issue, ED design has
been rarely studied as an independent issue (12-14).

2. Objectives

The present study aimed to investigate the efficacy
of the physical environment of the ED. Findings of this
study can provide useful information for designers, man-
agers and other professionals in revision of the physical
environment in the ED.

3. Materials and Methods

The present study was an analytical cross-sectional
study. The study population consisted of the emergency
medicine specialists. Emergency medicine specialists
have a leading role in EDs. Data were collected using a
predefined questionnaire. Respondents were the faculty
members of Shahid Beheshti University of medical sci-
ences and residents of this field. The medical buildings
had life-spans between 4 and 45 years and their facilities
they have been described as medium to well-equipped.
The average attendance time of the participants of this
study in EDs was 4 days per week and 8 hours per day.

The questionnaire consisted of two general parts, includ-
ing personal information of the participants and ques-
tions investigating the the physical environment of the
ED. The personal information section included informa-
tion about age, academic degree (being a faculty member
or resident), gender, workplace, and work experiences.
This questionnaire consisted of eight general sections: 1)
time indices, 2) capacity, 3) patient safety, 4) user satisfac-
tion, 5) quality and arrangement of spaces, 6) functional ef-
ficiency, 7) accountability during crises, and 8) evaluation
of the specific spaces in the EDs. Each section consisted
of subgroups conceptually related to the subject of that
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part. The questionnaire included 59 questions with 5-item
Liker scale (i.e., ranging from very undesirable = 5 points,
no problem at all =1 point and I have no idea = 0). The
questionnaire was validated using the expert judgment
method. Two experts in this field reviewed the content of
the questionnaire, and after necessary modifications, its
validity was confirmed. The test-retest method was used
to determine the reliability of the questionnaire. ICC score
was calculated to be 0.82. Data were analyzed using SPSS
version18 (SPSS, Inc., Chicago, Illinois, USA). Cronbach’s
alpha was 0.84. To compare the mean scores of the ques-
tions, ANOVA was used. Moreover, descriptive statistics
were used to describe the frequency and mean scores.

4. Results

Sixty-two participants including 21 females and 41 males
completed the questionnaires. Mean age of the partici-
pants was 37 years (SD: 8.42). The mean of work experi-
ence was 8 years (SD: 4.52). Among the participants, 16
cases were faculty members and 46 cases were residents
of emergency medicine.

The average score of each participant in 8 investigated
variables were individually indicated in Table 1. Means of
all the studied variables varied from 3.3 - 4.2.

In this table, time metrics had the highest mean among
the other variables. After that, capacity metrics had the next
high average score (mean scores: 4.14, 4.05). Accountability
to crises had the lowest average score (mean score: 3.38).

Statistically, after conducting the ANOVA test among
the variables, a significant difference was seen (F: P value
< 0.05). When the Tukey test was performed among the
time and capacity metrics, no significant difference was
observed. However, there was a significant difference
between these two variables and other variables. On the

other hand, no significant difference was seen among the
variables of satisfaction, functional efficiency, safety, ar-
rangement of spaces and accountability in crises.

According to the participants’ opinion in this study, all
the time indices had an average score higher than 3.92.
Length of stay in ED had the highest mean among time
indices. (4.35+ 0.86).

Regarding capacity indices, discordance of the admis-
sion capacity with the number of patients referring to
the ED had the highest average among the questions con-
cerning this issue (the mean score: 4.41+ 0.82). More than
90 percent of the participants believed that capacity of
the ED was disproportionate to the referring patient.

Treatment specific spaces responses are shown in Table
2. Treatment units, critical care units and afterwards, and
triage unit had the highest average scores, respectively.
In the ANOVA test, there was a significant difference be-
tween the treatment units. (F: 3.05, P = 0.01) Tukey anal-
ysis, revealed that there was a significant difference be-
tween treatment units and and service spaces (P = 0.04).

Among the content analysis of open-ended questions,
the following points can be mentioned:

-The ED is a highly stressful work environment.

- Inefficient resting space exists for the emergency staff.

-Inefficiency in effective tracking and monitoring of pa-
tients and lack of modern technologies

- Disorganization of patients’ families in ED

-Shortage of open spaces to maintain performance dur-
ing emergency conditions

- Inflexibility of physical environment to adjust to the
modern diagnostic medical equipment

-Problems creating fast track and triage unit

- Dysfunctional connection of the ED to laboratory, im-
aging, CCU, and surgery units

-Lack ergonomics in work spaces

Table 1. Investigation of the Efficacy of the Physical Environment of the Emergency Department

Different Factors Related to the Physical Environment in ED

Weighted Score®*  SD  No.of Answers

Time (metrics) indices
Length of stay 435 0.86 62
Length of time for admission 3.92 1.05 62
Length of time from admission to decision-making 4.05 110 61
Length of time from decision-making to treatment or discharge 4.23 0.98 62
Mean of time parameters 414 NA NA
Capacity (metrics) indices
Discordance of admission capacity with the number of patients 4.41 0.82 61
Discordance of facilities in emergency department with the number of patients 4.02 0.96 60
Discordance of the patients and therapeutic potential of the ED 3.85 115 62
Unbalanced allocation of spaces to emergency units 3.92 1.04 62
Means of capacity parameters 4.05 NA NA
Patients and stafP’s safety
Hospital infections 3.68 1.04 61
Medical errors 3.46 1.03 62
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Physical injuries (falls and etc.) 3.02 11 62
Physical convenience of patients and medical staff 4.03 0.94 61
Violence against the medical staff 312 1.03 60
Appropriate nurses’ control over patients 3.72 1.06 61
Means of safety 3.50 NA NA
Users’ Satisfaction
Noises 3.78 1.01 61
Way finding 3.48 1.08 62
Physical privacy 4.08 0.94 62
Confidentiality of patient’s information 3.46 112 62
Accountability to cultural needs 3.42 1.07 61
Environment cleanliness 4.09 0.85 62
Accountability to different age and illness ranges 3.65 1.02 60
Accountability to medical staff's needs 3.72 1.02 61
Accountability to the patient’s entourage 3.96 1.04 62
Mean of Satisfaction 3.73 NA NA

Quality and arrangement of spaces

Long travel distance 3.92 1.04 62
Efficient proximity of spaces 313 1.08 62
Beauty and appropriateness of interior design for each space 3.04 1.09 61
Fitness of spaces to users’ needs 4.09 0.85 60
Mean of quality and arrangement of physical environment 3.54 NA NA

Functional efficiency

Compatibility and positive effect of physical environment on the speed and preci- 3.46 11 60
sion of performance and process

Use of human resources and equipment 4.03 0.76 62
Use of communications, information and media (information technology) 3.64 0.98 62
Mean of functional efficiency 3.71 NA NA

Accountability during incidents and crises

Strength of hospital building 3.75 0.98 61
Flexibility of the physical environment for responding in critical conditions 3.38 1.03 60
Existence of appropriate critical axis for connection of the ED to other special 3.02 111 62
units

Mean of accountability during incidents and crises 338 NA NA

Abbreviation: ED, emergency department; NA, not available.
dscore 5 represents a basic challenge and very undesirable situation; and score 1 represents a quite desirable situation.

Table 2. Investigation of Efficacy of Physical Environment in EDs

Emergency Department Spaces Weighted Score? SD No. of Answers
Parking 3.02 1.22 59
Waiting spaces 3.62 1.08 62
Triage 3.76 1.08 62
Fast track 3.12 1.17 62
Critical care spaces and recovery room 3.78 1.01 60
Intervention room and outpatient surgery 3.23 114 61
Treatment units 3.92 0.98 62
Staff spaces 3.68 1.07 61
Service spaces 3.04 1.21 60

dScore 5 represents a basic challenge and very undesirable situation; and score 1 represents a quite desirable situation.
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Figure 1. Average Scores of Study Variables

5. Discussion

Our results indicate that all sections relating to physical
environment were problematic. All variables were placed
in arange between intermediate challenges to very unde-
sirable situation. Time and capacity metrics had signifi-
cant differences in comparison to other variables. Time
metrics including subgroups of length of stay, length of
waiting for admission, length of admission to decision-
making and the length of decision making to discharge
were among the most important functional issues of the
ED. According to a guideline dealing with the clinical gov-
ernance of the country’s ED, this length of time should
not be more than 6 hours (15).

However, according to the viewpoint of specialists who
are in close contact with patients, length of stay in the ED
is not desirable. Abundant studies have emphasized the
importance of time metrics in the ED (16-22).

Capacity metrics, which have been identified as second
challenges of EDs included the following subgroups:
Discordance of admission capacity with the number of
referring people, discordance of facilities with medical
needs of the patents, incompatibility of patients with the
medical potential of the ED and unbalanced allocation of
spaces to each unit of the ED. In a study by Bernstein et
al (2009), it has been emphasized that crowding in the
ED has a significant effect on the clinical outcomes of pa-
tients (23). Hence, providing a solution to address capac-
ity may improve clinical outcomes (8, 18).

In many studies, it has been emphasized that improv-
ing capacity metrics may result in improvement of time
metrics (5, 9, 22). By reviewing the literature concerning
the solutions for time and capacity metrics, the following
points can be mentioned (18, 20, 22, 24-33):

-Replacement of traditional nurse-based triage with
team triage model including physicians has shown that
physicians could discharge a high number of patients
without admission.

-Implementation of low flow/high flow strategy when
the ED is overcrowded, some of patients may receive
treatment in the initial care area.

-Implementation of segmented tracking system in the
ED like fast track conditions improve capacity metrics.

-Designing an internal waiting room allows patients to
be treated while awaiting the results of primary diagnos-
tic tests.

Footnotes

Authors’ Contribution:Hassan Goodarzi and Kasra
Hassanpour: planning, coordination, data collection,
analysis, and writing of the manuscript. Hassan Goodarzi
and Hamidreza Javadzadeh: supervision and guidance in
all stages.

Funding/Support:This study was financially support-
ed by the Trauma Research Center, Baqiyatallah Univer-
sity of Medical Sciences.

References

1. Eitel DR, Rudkin SE, Malvehy MA, Killeen JP, Pines JM. Improving
service quality by understanding emergency department flow: a
White Paper and position statement prepared for the American
Academy of Emergency Medicine. | Emerg Med. 2010;38(1):70-9.
doi:10.1016/j.jemermed.2008.03.038. [PubMed: 18514465]

2. Huddy JE, Patel P, Johnson MW, Hamilton-Farrell MR, Ede R],
Sanderson JD. Hyperbaric oxygen as a treatment for malabsorp-
tion in a radiation-damaged short bowel. Eur | Gastroenterol Hep-
atol. 2006;18(6):685-8. [PubMed: 16702860

3. Mc DD, Bennett DM, Cameron PA. A paradigm shift in the na-
ture of care provision in emergency departments. Emerg Med ].
2004;21(6):681-4. doi: 10.1136/em;.2004.017640. [PubMed: 15496693

4. Saba]L,Bardwell PL. Universal design concepts in the emergency
department. | Ambul Care Manage. 2004;27(3):224-36. [PubMed:
15287212]

5. Welch SJ. Twenty years of patient satisfaction research applied
to the emergency department: a qualitative review. Am | Med
Qual. 2010;25(1):64-72. doi: 10.1177/1062860609352536. [PubMed:
19966114]

6. Worthington K. Customer satisfaction in the emergency depart-
ment. Emerg Med Clin North Am. 2004;22(1):87-102. doi: 10.1016/
S0733-8627(03)00121-4. [PubMed: 15062498]

7. Greene].Building smarter EDs. Hosp Health Netw. 2002;76(12):32-
6.[PubMed:12500446]

8. Jensen K, Crane J. Improving patient flow in the emergency de-
partment. Healthc Financ Manage. 2008;62(11):104-6. [PubMed:
18990843]

9. Oredsson S, Jonsson H, Rognes ], Lind L, Goransson KE, Ehrenberg
A, etal. A systematic review of triage-related interventions to im-
prove patient flow in emergency departments. Scand ] Trauma Re-
susc Emerg Med. 2011;19:43. doi: 10.1186(1757-7241-19-43. [PubMed:
21771339]

10. McKay JI. Building the emergency department of the future:
philosophical, operational, and physical dimensions. Nurs Clin
North Am. 2002;37(1):111-22. [PubMed: 11818266

1. Ebrahimi A, Mardomi K, Hassanpour Rahimabad K. Architec-
ture capabilities to improve healthcare environments. Trauma
Mon. 2013;18(1):21-7. doi: 10.5812/traumamon.9999. [PubMed:
24350145]

12.  Jabbari A, Jafarian M, Khorasani E, Ghaffari M, Majlesi M, Jafarian.
Emergency Department Waiting Time at Alzahra Hospital. Health
Inform Manag. 2011;8(4):5-11.

13. Mohkam M, Saiiari A, Imanzadeh F, Asgarian F, Ghoroubi J,
Hatamian B, Ghorgi F, Mohkam. M. Comparison of Emergency
Wards in University-Affiliated Hospitals with Iranian Ministry of
Health Standards. Pajoohandeh. 2009;14(2):77-81.

14. Khoshjan A, Mohammadi R, Tamaddonfar M, Hosseini F. Emer-
gency wards and patients' satisfaction level of their patients and
families.IJN.2005;18(41and 42):49-60.

15.  Office of Emergency Medical evaluation standards. Overview
Plan of Reorganization of the County Emergency Department.
20009.

Trauma Mon. 2015;20(4):e23734



GoodarziHetal.

16.

17.

19.

20.

21

22.

23.

Buckley BJ, Castillo EM, Killeen JP, Guss DA, Chan TC. Im-
pact of an express admit unit on emergency department
length of stay. | Emerg Med. 2010;39(5):669-73. doi: 10.1016/j.je-
mermed.2008.11.022. [PubMed: 19237258

Gorelick MH, Yen K, Yun HJ. The effect of in-room registra-
tion on emergency department length of stay. Ann Emerg Med.
2005;45(2):128-33.  doi: 10.1016/]'.annemergmed.2004.08.041.
[PubMed: 15671967]

Handel DA, Ginde AA, Raja AS, Rogers ], Sullivan AF, Espinola JA,
et al. Implementation of crowding solutions from the American
College of Emergency Physicians Task Force Report on Boarding.
Int ] Emerg Med. 2010;3(4):279-86. doi: 10.1007/s12245-010-0216-6.
[PubMed: 21373293]

Lucas R, Farley H, Twanmoh ], Urumov A, Olsen N, Evans B,
et al. Emergency department patient flow: the influence of
hospital census variables on emergency department length
of stay. Acad Emerg Med. 2009;16(7):597-602. doi: 10.1111/j.1553-
2712.2009.00397.x. [PubMed: 19438415]

Nahab F, Leach G, Kingston C, Mir O, Abramson J, Hilton S, et al.
Impact of an emergency department observation unit transient
ischemic attack protocol on length of stay and cost. J Stroke
Cerebrovasc Dis. 2012;21(8):673-8. doi: 10.1016/j.jstrokecerebrovas-
dis.2011.02.017. [PubMed: 21482142]

Rodi SW, Grau MV, Orsini CM. Evaluation of a fast track unit:
alignment of resources and demand results in improved satis-
faction and decreased length of stay for emergency department
patients. Qual Manag Health Care. 2006;15(3):163-70. [PubMed:
16849988|

Welch SJ], Asplin BR, Stone-Griffith S, Davidson S], Augustine
], Schuur J, et al. Emergency department operational met-
rics, measures and definitions: results of the Second Perfor-
mance Measures and Benchmarking Summit. Ann Emerg Med.
2011;58(1):33-40.  doi:  10.1016[j.annemergmed.2010.08.040.
[PubMed: 21067846]

Bernstein SL, Aronsky D, Duseja R, Epstein S, Handel D, Hwang

Trauma Mon. 2015;20(4):e23734

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

U, et al. The effect of emergency department crowding on clini-
cally oriented outcomes. Acad Emerg Med. 2009;16(1):1-10. doi:
10.1111/.1553-2712.2008.00295.X. [PubMed: 19007346

'Immediate bedding' boosts patient satisfaction at California
emergency department. Perform Improv Advis. 2003;7(12):155-7.
[PubMed: 14748129]

Boost capacity, slash LWBS rate with POD triage system. ED Man-
ag. 2011;23(4):40-1. [PubMed: 21462755]

Ojwang SB. The impact of family planning in Kenya during the
last 10 years. East Afr Med ]. 1991;68(2):69. [PubMed: 2040237]
Bertoty DA, Kuszajewski ML, Marsh EE. Direct-to-room: one
department's approach to improving ED throughput. | Emerg
Nurs. 2007;33(1):26-30. doi: 10.1016(j.jen.2006.09.018. [PubMed:
17258049]

Kwa P, Blake D. Fast track: has it changed patient care in the emer-
gency department? Emerg Med Australas. 2008;20(1):10-5. doi:
10.1111/j.1742-6723.2007.01021.X. [PubMed: 17999686

Quattrini V, Swan BA. Evaluating care in ED fast tracks. | Emerg
Nurs. 2011;37(1):40-6. doi: 10.1016/j.jen.2009.10.016. [PubMed:
21237366]

Schrock JW, Reznikova S, Weller S. The effect of an observa-
tion unit on the rate of ED admission and discharge for py-
elonephritis. Am | Emerg Med. 2010;28(6):682-8. doi: 10.1016/j.
ajem.2009.03.003. [PubMed: 20637383]

Sen A, Hill D, Menon D, Rae F, Hughes H, Roop R. The impact
of consultant delivered service in emergency medicine: the
Wrexham Model. Emerg Med J. 2012;29(5):366-71. doi: 10.1136/
€mj.2010.107797. [PubMed: 21490371]

Welch S, Davidson S. Exploring new intake models for the
emergency department. Am | Med Qual. 2010;25(3):172-80. doi:
10.1177/1062860609360570. [PubMed: 20460562

Wiler JL, Gentle C, Halfpenny M, Heins A, Mehrotra A, Mikhail
MG, et al. Optimizing emergency department front-end op-
erations. Ann Emerg Med. 2010;55(2):142-160 el. doi: 10.1016/j.
annemergmed.2009.05.021. [PubMed: 19556030]



