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A B S T R A C T   

Introduction: Globally, length of stay of patients in emergency departments remains a challenge. Remaining in the 
emergency department for >12 h increases health care costs, morbidity and mortality rates and leads to 
crowding and lower patient satisfaction. 
The aim of this research was to describe the areas of delay related to prolonged length of stay in the emergency 
department of an academic hospital. 
Methods: A quantitative retrospective study was done. The Input-Throughput-Output model was used to identify 
the areas of patients’ journey through the emergency department. The possible areas of delay where then 
described. Using systematic sampling, a total of 100 patient files managed in an emergency department of an 
academic hospital in South Africa were audited over a period of 3 months. Descriptive statistics and regression 
analysis was used to analyse data. 
Results: The mean length of stay of patients in the emergency department was 73 h 49 min. The length of stay per 
phase was: input (3 h 17 min), throughput (16 h 25 min) and output (54 h 7 min). A strong significant rela
tionship found between the length of stay and the time taken between disposition decision (throughput phase) 
disposition decision to admission or discharge of patients from the ED (output phase) (p < 0.05). 
Conclusion: The output phase was identified as the longest area of delay in this study, with the time taken be
tween disposition decision to admission or discharge of patients from the ED (patients waiting for inpatient beds) 
as the main significant area of delay.   

African relevance 

• In Africa, and globally, length of stay of patients in emergency de
partments remains a challenge  

• The Input-Throughput-Output model provide a logical framework to 
identify areas of delay that prolong patients’ length of stay in 
emergency departments  

• We recommend the monitoring and evaluation of length of stay in 
emergency departments to be monitored  

• Strategies should be implemented to decrease the length of stay in 
emergency departments. 

Introduction 

Prolonged length of stay (LOS) in the emergency department (ED) is 
a global challenge as millions of individuals access health care through 

EDs each year and the number increases annually [1]. Despite the 
increasing rate of patients seeking health care, the EDs capacities remain 
overburdened, subsequently leading to overcapacity, crowding and 
prolonged LOS [1,2]. 

Prolonged LOS adversely affects the functionality of the ED and 
quality patient care as it leads to crowding [2–4]. Crowding depletes ED 
resources such as available staff, equipment, infrastructure and con
sumables [1,2,5–7]. Staff-patient ratios become inappropriate and in
crease the burden of the ED health care providers. The health care 
providers spend more time caring for new admissions, neglecting the 
care of patients waiting to be admitted in the wards [1,2,5–8]. These 
patients are less frequently re-evaluated, increasing the risk for medical 
errors and adverse events, consequently reducing the ED’s efficiency 
[7,9,10]. Crowding and limited resources due to prolonged LOS may 
reduce access for new admissions, delay care and workups, prolong pain 
and suffering, delay therapeutic interventions and result in longer 
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hospital stay and costs [3,4,7,9,11]. A depleted infrastructure such as 
shortage of available beds and treatment areas may further compromise 
patients’ privacy and confidentiality as they are then treated in inap
propriate areas such as on a chair in the hallway [12,13]. Prolonged LOS 
results in patients being exposed to adverse events and not getting 
optimal and best available care they deserve and would have received 
when admitted in the specialty wards [7,10]. 

Prolonged LOS in the ED is recognised as a main concern in many 
countries (developed and developing), such as Australia [4], Taiwan 
[14], the United States of America [15], the Netherlands [16], Canada 
[17], Brazil [18] and Ghana [19]. Many of these countries have tried to 
reduce the LOS in the ED by setting targets for average LOS in the ED 
without compromising quality patient care. The United Kingdom’s Na
tional Health Service set the ‘four hour rule’ target goal which was later 
also implemented in Australia [20,21]. Other countries such as New 
Zealand increased the target time to a ‘six-hour target’ aiming at 
reducing LOS without compromising the quality of care [3]. 

Sub-Saharan African countries recognised that prolonged LOS has 
become a daily reality affecting the functionality of the EDs and reached 
consensus that further investigations was vital to try and reduce pro
longed LOS in the ED [22,23]. The study conducted in Botswana found 
that ED waiting times and length of stay were prolonged [24]. Although 
it was indicated in the study conducted in Nigeria that the ideal ED LOS 
was 6 h, findings from the study conducted in a teaching hospital ED 
showed patient ED stay of over 24 h [25]. 

Due to the quadruple burden diseases and limited resources in South 
Africa the rate of patients seeking emergency care has increased 
alarmingly, leading to crowding and subsequently prolonged LOS in the 
ED [22,26]. Yet, in South Africa, a set target for the average LOS in the 
ED is not specified [27]. In the study conducted in Cape Town public 
EDs, health care providers described limited bed availability, staff 
shortage and high rate of boarders in the ED as outcomes of crowding 
which lead to prolonged ED LOS [27]. The ED of the study hospital is 
often understaffed and overburdened as in the case of many similar 
hospitals in South Africa [28]. The 2014 statistics revealed continuous 
challenges relating to patients’ LOS in the ED – for example, patient 
remained in the ED for up to 5 days [28] - despite aiming for patients to 

be transferred form the ED within at least 12-h (informal communica
tion by the head of department). The exact cause of prolonged LOS in the 
study ED was unknown as measuring waiting times were not routine 
practice. Thus, the aim of this study was to describe the areas of delay 
related to prolong LOS in the ED in an academic hospital in South Africa. 

Setting 

The ED is located in an academic hospital in the public sector with 
832 beds, located in Gauteng, a province in South Africa. The ED de
livers a 24-hour service and consists of a triage area, trauma resuscita
tion area (4 beds), medical resuscitation area (2 beds), a female 
admission area (10 beds), male admission area (6 beds) and an acute 
trauma admission area (10 beds). Seventy-two nurses and 16 doctors are 
employed on a permanent basis in the ED. Between 50 and 72 patients 
are admitted daily, varying from urgent to non-urgent medical, surgical 
or trauma related emergencies. Thirteen nurses (12-hour) and 3 doctors 
(8-hour) work shifts in the ED and approximately 40 to 60 patients, 
awaiting management and or disposition, are handed over to the nursing 
staff at each new shift. 

Conceptual framework 

Asplin et al. created a conceptual model which characterized ED 
operations as having three elements; input, throughput and output [29]. 
This conceptual model has been used in many studies for studying the 
ED crowding [30–33]. In this study, the conceptual framework (Fig. 1) is 
guided by the Input-Throughput-Output model to study the ED LOS 
[29]. Input is about patient demand for emergency services prior arrival 
in the ED, which comprises patients’ arrival at reception and/or triage. 
Throughput focuses on the operations and activities implemented to 
manage patients within the ED including consultations with health care 
providers (particularly nurses and doctors), conducting of diagnostic 
tests and referral to specialists. The output represents the admission or 
discharge of patients from the ED. The areas of a patient’s journey 
through the ED were highlighted in order to identify potential factors 
that may influence their LOS. 

Fig. 1. Conceptual framework representing the areas of a patient’s journey through the emergency department.  
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The input phase includes the patient reporting to ED reception and 
triage. The throughput phase includes admission to the ED, management 
as well as referral to a specialist and decision for disposition. The output 
phase includes discharge from the ED, which can include admission to 
the hospital or discharged home. 

Methods 

A quantitative retrospective study was conducted at an academic 
hospital in Gauteng, a province in South Africa. The ethical approval 
was obtained from the Research Ethics Committee of the Faculty of 
Health Sciences at the University of Pretoria (No: 246/2015) as well as 
from the hospital where the study was conducted. This study included 
the medical records of male and female adult patients’ (>18 years), who 
were managed for medical, surgical or trauma related emergencies in 
the ED during the period June to August 2015 and had remained in the 
ED for 12 h or longer. All relevant data were obtained from the study 
hospital ED registry database. The hospital’s admission department use 
electronic patients’ record time while nurses and doctors document their 
own time. Time variables comprised reception, triage (contact with 
nurse and doctor), ED admission (contact with nurses, ED doctors and 
specialist and disposition decision) and admission or discharge from the 
ED. The total number of patients’ medical records that met the unit of 
analysis inclusion criteria was 1300 from which a 100 patients’ medical 
records were needed for a representative sample. Systematic sampling 
was used to identify 100 patients’ medical records, which were used in 
this study. During the systematic sampling of patients’ medical records 
that met inclusion criteria of the unit of analysis, a red sticker was 
attached to each of patients’ medical records. An audit tool was used to 
collect the data from the 100 patients’ medical records. The tool 
developed by the researchers that comprised of four sections: Section A: 
Demographic information; Section B: Input; Section C: Throughput and 
Section D: Output (guided by the factors identified in Fig. 1). 

Demographic and clinical data were extracted from medical records 
of patients. Clinical data included all areas of delay within the three 
phases of the Input-Throughput-Output model (Fig. 1). Captured data 
was analysed using descriptive statistics to report demographic data and 
LOS in the ED. Regression analysis was performed to investigate the 
relationship between areas and prolonged LOS during the input, 
throughput and output phases in the ED. 

Results 

From the 100 medical records audited 51 were from women and 49 
from male patients. These patients had a mean age (SD) of 50.6 (18.3) 
years and their ages varied between 18 and 92 years. Twenty four 
percent of these patients arrived at the ED by the ambulance, while 76% 
arrived using private transport. 

Input phase 

The number of patients seen over the different days of the week was 
very similar, ranging from 13 to 17 patients on the different days. Of the 
100 patients who reported at the ED reception area, 61 patients were 
sent to the triage area while 39 were directly admitted into the ED. The 
results of triage scores and colours of the 61 patients sent to triage were: 
orange/very urgent (n = 12), yellow/urgent (n = 28) and green/routine 
non urgent (n = 21). The average time from where patients reported to 
reception up to triage was 3 h and 17 min. The length of stay during all 
three phases of the LOS for the areas of delay during the Input- 
Throughput-Output phases is shown in Table 1. 

Throughput phase 

The majority of patients (n = 82) admitted in the ED presented with 
medical emergencies, while 18 patients were trauma related cases. 

Patients presenting with medical emergencies are referred to specialists 
from internal medicine, which constituted 55% with an average of 6 
available beds in the hospital where these patients could be admitted to 
following their treatment in the ED. The length of stay from the first 
contact by a specialist to the decision for disposition (6 h 7 min) 
contributed the most to the total LOS (16 h 25 min) in the throughput 
phase, followed by referral by the doctor in the ED to a specialist to first 
contact by specialist (5 h 15 min). Refer to Table 1. A strong significant 
relationship was found between the LOS and the time taken between 
being seen by the specialist until the decision for disposition (p < 0.05). 

The ED is divided into different admission areas, where the average 
bed capacity over the 3 months was: trauma resuscitation (100%), 
medical resuscitation (100%), trauma (186%) and female (163%) areas. 
In addition, the diagnostic and laboratory test requested were as follows: 
X-rays (n = 100), blood test (n = 98), computerized tomography (CT)- 
scan (n = 17) and sonar (n = 5). 

Output phase 

Patients took a mean of 54 h 7 min to be transferred to a ward (n =
82), high care unit (n = 1) and intensive care unit (n = 5), operating 
theatre (n = 1), other hospital (n = 3) or discharged home (n = 8). The 
mean overall time (LOS) it took a patient from reporting to reception 
area (input phase) to being transferred/discharged from the ED (output 
phase) was 73 h 49 min, which is equivalent to 3.04 days. The output 
phase contributed the most to the overall LOS. 

Discussion 

Numerous studies have documented non-urgent visits of patients in 
EDs as a cause of crowding and prolonged LOS [34,35], while others are 
of the opinion that non-urgent patients presenting to the ED are not the 
cause of crowding and prolonged LOS [36]. Results from this study, on 
acuity showed that of patients who were triaged, 66% were triaged as 
urgent (urgent and very urgent), while 34% were triaged as non-urgent. 
Contrary to this study findings in other studies showed that a large 
proportion (>80%) of non-urgent patients were managed in EDs 
[37,38]. 

In this study, the mean waiting time for patients from reporting to 
the reception area up to being triaged was 3 h and 17 min, which is 
acceptable compared to the recommended triage waiting time for non- 
urgent patients in South African Triage Scale (SATS) of 4 h [27,39]. 
These findings are congruent with the findings of other studies, which 
reported shorter waiting times of <4 h for non-urgent patients to be 

Table 1 
Summary of the length of stay during Input-Throughput-Output phases.   

Length of stay (hh: 
mm) 

Input phase (reception to triage)  
Reception to first contact with triage nurse 00:55 
First contact with triage nurse to first contact with triage 
doctor 

02:22 

Sub-total 03:17 
Throughput phase (first contact with nurse to admitting 

specialty)  
First contact with triage doctor to admission in emergency 
department 

00:27 

Admission to ED to first contact with nurse 00:28 
First contact nurse to first contact with doctor 01:43 
First contact with doctor to referral to specialist 02:25 
Referral to specialist to first contact with specialist 05:15 
First contact with specialist to decision for disposition 06:07 
Sub-total 16:25 

Output phase (decision for disposition to discharge)  
Disposition to discharge from emergency department 54:07 
Sub-total 54:07 

Total 73:49  
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triaged [39]. Contrary to these findings, one interview study that 
compared the views of ED staff on crowding and prolonged LOS in the 
Netherlands and Pakistan both reported delays in triage as a contribu
tory factor [40]. 

Our study showed that majority of patients admitted in the ED were 
medical emergencies (82%), hence specialists from internal medicine 
were consulted and continued the management of 55% of patients 
admitted to the ED. There were however only 6 internal medicine beds 
available in the wards for these patients to be admitted to, which could 
have contributed to the prolonged LOS. Similar findings were found in 
studies conducted in the Netherlands and Hong Kong, where it was re
ported that the majority of patients admitted to the ED presented with 
medical emergencies and then referred to specialists from internal 
medicine, who then remained in the ED for a longer period [23,35,41]. 

Results of this study showed that the average LOS from the first 
contact by a specialist to the decision for disposition was 6 h and 7 min. 
The findings of this study were consistent with studies reporting a sig
nificant prolonged LOS in the ED if patients where referred to specialists 
[42,43]. The findings of the study conducted in Australia reported a 
mean time of 3 h 57 min from when patients were triaged until the 
decision for disposition from the ED [42], whereas in this study it took 
16 h and 25 min, which is significantly longer. 

Diagnostic and laboratory testing are necessary in >90% of patients 
admitted to the ED and are one of the most important independent de
terminants of prolonged LOS [41]. Diagnostic (100%) and laboratory 
tests (98%) requested for patients in this study following admission to 
the ED could have contributed to prolonged LOS as suggested by others 
[43–46]. In this study we unfortunately were unable to assess the data 
and investigate the contribution to LOS relating to diagnostic and lab
oratory testing requested, which is a limitation that could be addressed 
in future studies. 

This study showed the mean time was 54 h 7 min from decision to 
disposition to actual discharge or transfer from the ED. Bed availability 
contributed to the prolonged LOS. Findings from other studies showed 
that the lack of inpatient beds in relevant units reduced output and exit 
block contributing to crowding and prolonged LOS in the ED 
[25,33,47–51]. Our study showed that mean overall time (LOS) from 
when patients reported to reception to being transferred or discharged 
from the ED was 73 h 49 min which is equivalent to 3.04 days. Other 
studies reported a mean LOS of 4 h [42] up to 6 h [47,52,53]. The output 
phase contributed the most to the overall LOS. 

Conclusion 

The Input-Throughput-Output model provided a logical framework 
to identify areas of delay that prolonged patients’ length of stay (>12 h). 
This study showed that LOS in the ED of the studied hospital was high 
(3.04 days), which could have been affected by the number of patients 
presenting with medical emergencies and consequently referred to 
specialists of internal medicine, diagnostic and laboratory tests as well 
as bed availability. 

Understanding causes of prolonged LOS in input, throughput and 
output phase is essential to ensure appropriate interventions. However, 
a single intervention cannot be adequate in addressing prolonged LOS, 
multiple measures should be employed to address the system as a whole. 
Organized discharge planning including inter facility transfer of patients 
could be treated or down referred to other facilities should be 
considered. 

We recommend that strategies should be implemented to decrease 
the LOS, such as to implement a monitoring and evaluation system 
where healthcare professionals discuss areas of delay and possible so
lutions for future. Improving coordination and capacity of the hospital 
bed management by using a computerized bed management system 
coupled with a dedicated bed manager in the ED who should facilitate 
the process of inpatient admission. The LOS of patients in the ED remains 
challenging and should be a focus area to improve the ED functioning. 
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