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Abstract 
Emergency Department (ED) in Alnoor Hospital is considered the pulsating unit in the hospital by 
facing a daily challenge through a huge exposure to number of patients round between 500 - 700 
per day in average. With this busy service in ED, our study emerges to measure the quality of 
provided services to patients in term of measuring the total length of stay time (LOS) in ED and its 
influencing factors. This is a prospective study aiming to estimate the average time patients spend 
in ED of Alnoor Hospital during the month of January (2013). In addition, it inspects factors 
influencing the LOS. The questionnaire which conducted and filled by emergency team over all 
patients was consisted of the following data: arrival time to ED, initial time of assessment by nurse, 
initial time of assessment by doctor, time of arrival to specific area, consultation time, arrival time 
of consulted specialty, time of laboratory investigation, time of radiological investigation, time of 
final disposition and time of physical disposition. For the 7604 patient visits analyzed, mean ED 
LOS was 3.02 hour (SD = 5.03 hour). About half of the patients spent less than 59 minutes (44%), 
32.6% spent 1 to 3:59 hour, 15.2% spent 4 to 7:59 hour, and 8.2% of the patients spent more than 
8 hours. A priceless such study will offer an opportunity to evaluate the recent ED performance 
and assist to adapt future optimization strategies to improve the quality of services provided to 
the patient. 
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1. Introduction 
Emergency medicine is one of the most heavy service specialties as they see a wide range of cases that arrive on 
a daily base. No other departments can see the different cases in a typical week. The EDs serve as a safety net 
for patients without access to general practitioners as well as specialty care, which is more expensive and often 
difficult to obtain in a non-emergent situation [1]. Hence, the principle of providing a high quality care is an 
important principle for both patient safety and physician.  

Worldwide, the ED is facing a serious problem of overcrowding and prolonged wait time affecting patient sa-
tisfaction of the service provided [2] [3]. Several factors have been identified in literatures associated with ED 
patient satisfaction and prolonged length of stay [4]-[7]. Lengthy waiting time has shown to be the main source 
of poor ED care satisfaction [8]. 

Emergency Department (ED) of Alnoor Hospital plays a vital important role in providing health care for mil-
lions yearly especially during Alhaj season. For that reason, ED staff face a big challenge to provide an efficient 
and optimized quality of service. Due to the lack of quality studies and statistics provided in Emergency De-
partment at Alnoor Hospital, this study aim to evaluate the level of clinical quality in term of total waiting time 
for the entire patient flow process from registration through the discharge process. The study evaluates the total 
length of stay (LOS) in ED and factors affecting this time mainly: time to initial assessment by physician 
(door-to-doctor), total waiting time for laboratory results, diagnostic imaging, and consultation arrival.  

In emergency department (ED) the time is considered a significant tool to measure the quality as this waiting 
time can affect the outcomes of patient situation and satisfaction, as well the problem of long waiting time can 
also indicate a poorly resourced, poorly managed and/or poorly co-ordinated department. By 2004, The National 
Health Service (NHS) in United Kingdom set a target that no one should wait more than four hours from arrival 
in the ED to admission, discharge, or transfer. This would reduce average waiting time in EDs to 75 minutes [9]. 
In this study, the evaluation of waiting time has been conducted among ED patients by adapting the 4 hours tar-
get waiting time to evaluate the overall total length of stay time of Alnoor Hospital ED and measuring factors 
influencing this time. 

2. Methodology 
2.1. Setting 
This study was conducted at the Emergency Department of Alnoor Specialist Hospital, the main tertiary care 
center in Makkah, Saudi Arabia. The ED saw over 200,000 patients a year and was staffed by one medical or 
surgical consultant physician with five general practitioners. Pediatric and obstetric and gynecology emergency 
rooms were not included. This study received approval from Alnoor Specialist Hospital Board. 

2.2. Data Collection 
Research investigators observed the flow of every single patient and manually recorded the data from all pa-
tients who attended the ED between midnight Jan. 1, 2013, and midnight Jan. 31, 2013, a continuous 744-h pe-
riod of study. Age, gender, registration time, initial triage level, triage assessment time, arrival area, door to 
nurse time, door to doctor time, medical decision time (discharge vs. admit), time of physical disposition, use of 
laboratory and/or radiology services, and asking for specialty consultation services were recorded for each pa-
tient seen during the study period. 

2.3. Time Intervals 
Two pre-defined time intervals were determined and calculated for each patient. The time intervals were: 1) 
from entry registration to physician assessment and 2) from ED entry to actual departure from the ED. Admitted 
patients were not considered to have departed from the ED until they were physically transported out of the ED 
to the hospital inpatient ward or another patient care facility. 

The two main time intervals were determined for each patient based on The Canadian Triage & Acuity Scale 
level [9] (CTAS I, CTAS II, CTAS III, CTAS IV, CTAS V) and arrival area (Trauma, resuscitation, observation, 
and triage).  
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2.4. Data Analysis 
Data were recorded on standard study forms and then entered into an SPSS spreadsheet (SPSS 21). Patient de-
mographics, triage levels, arrival area, time intervals and several variable relationships were described using de-
scriptive statistics. Multivariate analysis and multiple linear regression analysis were performed to determine 
how various patient characteristics and ED service processes influenced LOS. These factors included the fol-
lowing: Laboratory time, patients admission to observation, patients admission to trauma, final decision time to 
time of physical response to the final decision, consultation time, critical care management patients, door to final 
decision time, radiology time, non critical care management patients, triage cases, patients admission to resusci-
tation room, doctor to consultation time, doctor to radiology time, doctor to laboratory time, and door to doctor 
time. The regression model had LOS in hours as a dependent variable and several independent variables were 
used for the model. These included initial triage level, arrival area, time to initial assessment by physician, use 
of laboratory tests, use of diagnostic imaging (X-ray, CT or ultrasound), and specialty service consultation. 
SPSS statistical software (SPSS version 21) was used to perform the regression analyses. 

3. Result 
During the 31-day study period, 10,226 patients registered in the ED. Of these, 2533 patient charts (24.8%) were 
excluded from analysis because of incomplete documentation of total LOS and 89 (0.9%) were excluded be-
cause the patient left without being seen. 

The mean age of study patients was 37.93 years (standard deviation [SD] = 22.88 yr) and 58.3% were male. 
Among all visits, 93.58% fell into triage levels III, IV and V. For the 7604 patient visits analyzed, mean ED 
LOS was 3:02 hour (SD = 5:03 hour). Table 1 shows the number of visits based on trauma, arrival area, and 
CTAS level.  

CTAS has five acuity levels to V consisting of resuscitation, emergent, urgent, less urgent and non urgent [10]. 
Patients in triage level I had the shortest LOS, while those in level IV had the longest. About half of the patients 
spent less than 59 minutes (44%), 32.6% spent 1 to 3:59 hour, 15.2% spent 4 to 7:59 hour, and 8.2% of the pa-
tients spent more than 8 hours. 

Time delays increased in the lower triage levels. Registration-to-doctor interval ranged had a mean of 0:19 
min (SD = 0:46). Table 2 shows the mean and target time of door-to-doctor interval and door-to-door interval 
for each CTAS level. 

 
Table 1. Number of visits based on trauma, CTAS level, and arrival area. 

Type of visits  Number of visits Percent 

Trauma 

Yes 1984 25.8% 

No 5286 68.7% 

Missing 423 5.5% 

CTAS level 

CTAS I 125 1.6% 

CTAS II 112 1.5% 

CTAS III 278 3.6% 

CTAS IV 2302 29.9% 

CTAS V 909 11.8% 

Missing 3965 51.5% 

Arrival area 

Trauma 1896 24.6% 

Observation 1470 19.1% 

Resuscitation 281 3.7% 

Triage 1320 17.2% 

Missing 1896 24.6% 
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Based on arrival area, the major total LOS time delay was in the observation and trauma areas, while resusci- 
tation and triage had the shortest LOS time (Table 3). Among the total analyzed visits to ED, 4853 patients had 
a radiological study requests, 4890 laboratory requests, and 4409 consultation requests. As a result of incom- 
plete documentation, there were a great percent of missing requests, 63.40% radiology requests, 58.28% labora- 
tory requests, and 77.43% consultation. Among the requested services in ED, laboratory results had a longer 
waiting time than radiology results and consultation arrival. 34.13% of laboratory results had a waiting time 
more than one hour compared to 4.7 and 4.94 for radiology results and consultation arrival, respectively (Table 
4). 

 
Table 2. The mean and target time of door-to-doctor interval and door-to-door interval for each CTAS level. 

Door to door interval Door to doctor interval 
N (%) CTAS Observed total LOS 

time 
Target total LOS 

time 
Observed door to  

doctor time 
Target door to  

doctor time 

LOS did not exceed 6 
hours in 73.76% of 

cases 

LOS not to exceed 6 
hours in 95% of 

cases 

80.64% immediately Immediately 98% of the time 125 (1.6%) CTAS I 

70% within 15 minutes Within 15 minutes 95% of 
the time 112 (1.5%) CTAS II 

91.50% within 30 minutes Within 30 minutes 90% of 
the time 278 (3.6%) CTAS III 

LOS did not exceed 4 
hours in 85.63% of 

cases 

LOS not to exceed 4 
hours in 95% of 

cases 

97.84% within 60 minutes Within 60 minutes 85% of 
the time 2302 (29.9%) CTAS IV 

97.88% within 120 minutes Within 120 minutes 80% of 
the time 909 (11.8%) CTAS V 

    3726 (48.5%) latoT 

    3805 (49.5%) agnissiM  

CTAS: the Canadian triage and acuity scale; LOS: length of stay; aMissing documented CTAS level. 
 

Table 3. Length of stay per arrival area. 

Area Total LOS time 

Resuscitation 

59 minutes and less 55.97% 

1 to 3:59 35.44% 

4 to 7:59 6.28% 

8 hours and more 2.31% 

Observation 

Less than 59 min 8.88% 

1 to 3:59 27.12% 

4 to 7:59 39.09% 

8 hours and more 24.91% 

Trauma 

Less than 59 min 9.42% 

1 to 3:59 42.77% 

4 to 7:59 21.36 

8 hours and more 26.45% 

Triage 

Less than 59 min 55.97% 

1 to 3:59 35.44% 

4 to 7:59 6.28% 

8 hours and more 2.31% 
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The complete regression model yielded an R2 value of 0.137 (F = 2.577, P < 0.04). Multivariate analysis was 
used to examine the influences of explanatory variables on waiting times of patients. The time of arrival to time 
of physical discharge (i.e. total LOS) was considered the dependent variable. The results showed that laboratory 
time, patients admission to observation, patients admission to trauma, final decision time to time of physical re-
sponse to the final decision, consultation time, and critical care management patients were significantly asso-
ciated with the waiting time (P < 0.001) (Table 5). 

 
Table 4. Waiting time for selected emergency department services. 

ED service Waiting time Number of patients Percent 

Radiology result 
Median: 2:20 min 

Maximum: 9:32 hour 
Std. error mean: 6:25 min 

Less than 30 min 1317 74.16% 

31 to 60 min 231 13% 

61 to 120 min 127 7.15% 

More than 2 hour 101 5.69% 

Laboratory result 
Median: 2:49 min 

Maximum: 12:31 hour 
Std. error mean: 5:48 min 

Less than 30 min 157 7.70% 

31 to 60 min 214 10.49% 

61 to 120 min 777 38.09% 

More than 2 hour 892 43.72% 

Consultation arrival 
Median: 2:30 min 

Maximum: 22:00 hour 
Std. error mean: 8:18 min 

Less than 30 min 572 57.49% 

31 to 60 min 205 20.60% 

61 to 120 min 131 13.17% 

More than 2 hour 87 8.74% 

 
Table 5. Multivariate analysis of factors affecting waiting times in the emergency department, with 
waiting time as the dependent variable. 

Reason of delay Number of cases (n) % P-value 

Laboratory time 2040 (1669) 81.81% 

<0.001 

Patients admission to observation 1470 (941) 64% 

Patients admission to trauma 1896 (907) 47.81% 

Final decision time to time of physical  
response to the final decision 3726 (1611) 43.23% 

Consultation time 995 (218) 21.91% 

Critical care management patients 515 (109) 21.24% 

Door to final decision time 3726 (600) 16.11% 0.174 

Radiology time 1776 (228) 12.84% 0.253 

Non critical care management patients 2580 (2417) 9.37 0.256 

Triage cases 1320 (1181) 8.95% 0.691 

Patients admission to resuscitation room 281 (241) 8.59% 0.734 

Doctor to consultation time 995 (841) 8.45% 0.845 

Doctor to radiology time 1776 (865) 4.87% 0.858 

Doctor to laboratory time 2040 (767) 3.76% 0.865 

Door to doctor time 3726 (842) 2.26% 0.921 
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4. Discussion 
This study shows the utility of analyzing time to identify and quantify factors that prolong ED LOS. The CTAS 
provides objectives for ED nurse and physician response times, as well as recommended response rates, which 
refer to the proportion of patients in a given triage level who are assessed within CTAS response time objectives. 
CTAS reflects that the main operational objective is the waiting time to see a physician. The CTAS time objec-
tives provide useful evaluations for benchmarking, and examination of response rates to patients, providing a 
useful assessment ED flow process [9].  

Our data show that, for the most critically ill or injured patients (level I), nursing and physician response 
times were rapid, with little variability and that, overall, response rate for physician assessment were typically 
above 80.64%. 

In this study, urgent patients spent the longest time in the ED. Short throughput times for levels IV and V pa-
tients are explained by lower investigation and consultation rates. The longer ED lengths of stay in level III may 
reflect the fact that these patients often have vague clinical presentations (not clearly justifying admission or 
discharge) and require more prolonged observation, investigation and treatment in the ED. Similar to a previous 
study in Saudi Arabia at King Faisal Specialist Hospital and Research Center (KFSH-RC), most critically ill pa-
tients (level I and II), initial assessment was rapid and LOS was prolonged, which are in line with CTAS objec-
tives. This is expected because these patients required more time and manpower resources for the care and 
management of their critical condition, thus, contributing to a prolonged LOS in the ED [10].  

A previous study in Alnoor Specialist Hospital tried to focus on LOS for admitted patients. Total time in ED 
in that study was defined as “Time of presentation of patient to ED as mentioned in his ED card until time of 
receipt of that patient by the inpatient nurse in inpatient ward”. During the study period out of total patients 4876 
who visited the ED only 355 (7.3%) were admitted with delay of 238 (67%) more than two hours. Regarding the 
duration of stay in the ED 80% cases were admitted in less than 4 hours, 19.2% admitted between 4 - 8 hours 
and only 0.8% admitted after 8 hours after arrival to the ED, which is close to our LOS for all ED patients. The 
mean ED length of stay (EDLOS) was 3 hours and 11 minutes, similar to our mean EDLOS 3 hours and 2 mi-
nutes [11]. KFSH-RC is another hospital in Saudi Arabia, started to adapt the CTAS system in ED and it’s tar-
geted waiting time. A better EDLOS has been achieved with 2.4 hours [12]. Hospital admission rate through 
KFSH-RC ED was 6.7%, which is in agreement to Alnoor Specialist Hospital admission rate [11] [12]. 

Most of the ED visits in our study were in CTAS levels IV and V. This is with the agreement of the fact that 
the majority of patients who attend EDs in Saudi Arabia have non-urgent problems, resulting in overcrowding, 
excessive waiting times and delayed care for more acutely ill patients [13]. Several factors have been identified 
for this finding where the most common reasons for attending the ED were not having a regular healthcare pro-
vider, being able to receive care on the same day, and the convenience of and access to medical care 24/7. Most 
of CTAS IV and V patients believe their conditions were more urgent than their triage nurse rating which reflect 
an insufficient community awareness of the role of the ED [13]. 

Our findings showed several potential variables influencing waiting times in the ED. Both admissions to 
trauma and observation area had a significant impact on total LOS. This may be linked to the laboratory work 
ups requested which was also associated with prolonged LOS. The significance of consultation time on LOS can 
be related to patients’ characteristics and the consulted specialty. Other factors related the hospital and bed ca-
pacity could affect LOS by prolonging the final decision time to time of physical response to the final decision. 

The regression analysis showed an estimation of how service processes may affect LOS. An R2 of 0.137 for 
the regression model indicates that LOS may be affected by other factors not examined explain much of the va-
riability in LOS. Further research is required to determine the impact of predictors like socioeconomic status, 
comorbidity, residency and referral, ED staffing levels, hospital bed capacity and occupancy rates, and hospital 
policies for housing admitted patients [6]. 

5. Limitations 
A major limitation of this study is that data were gathered manually from handwritten study forms and that the 
study period was limited to one month, precluding analysis of seasonal variation. Moreover, 24.8% charts were 
excluded from analysis because of incomplete documentation of LOS time. As with any observational study, 
deficits in documentation prevented the accurate capture of data elements for several patient care records. ED 
information systems can improve the accuracy and reliability of data collection to help decision-making [6]. 
Another limitation of this analysis is the limited finding of relationships between predictor variables causing a 
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prolonged LOS. Several external factors may affect LOS; therefore, a meaningful improvement may involve 
changing a combination of many factors, the assessment of which may be difficult [6]. 

With long waiting times for ambulatory patients, a great number of patients left without medical evaluation 
and were not included in the study. Number of patients left without being seen by a physician should be inter-
preted in light of existing data on the health consequences faced by patients who leave hospital EDs without 
treatment [14]. 

6. Conclusions 
LOS is an effective marker of ED performance and the quality of triage. Our data suggest that patients present-
ing to our ED have waiting time that vary according to admission area, triage category, consultation time and 
laboratory work up.  

The mean LOS was 3:02 hour (SD = 5:03 hour). 23.4% of visits to ED had a delay in LOS more than four 
hours. Prolonged LOS was associated with prolonged laboratory and consultation time, patient admission to ob-
servation or trauma areas, critical care management patients, and prolonged final decision time to time of physi-
cal response to the final decision. This data will be the guide in identifying the most important projects in the 
future to shorten the LOS in ED and to provide services that exceed patient’s satisfaction. 
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