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SUMMARY

Objectives

Emergency department (ED) crowding is a growing problem across
the world. Hospitals need to identify the situation using emergency
department crowding scoring systems and to produce appropriate
solutions.

Methods

A new program (Electronic Blockage System, EBS) was written supple-
mentary to the Hospital Information System. It was planned that the
number of empty beds in the hospital should primarily be used for pa-
tients awaiting admission to a hospital bed at the ED. In the presence of
patients awaiting admission at the ED, non-urgent admissions to other
departments were blocked. ED overcrowded was measured in the
period before initiation of EBS, the early post-EBS period and the late
post-EBS period, of one-week’s duration each, using NEDOCS scoring.

Results

NEDOCS values were significantly lower in the early post-EBS pe-
riod compared to the other periods (p<0.0001). Although outpatient
numbers applying to the ED and existing patient numbers at time of
measurement remained unchanged in all three periods, the number
of patients awaiting admission in the early post-EBS period was signifi-
cantly lower than in the pre-EBS and late post-EBS periods (p=0.0001,
p=0.001).

Conclusions
EBS is a form of triage system aimed at preventing crowding and ensur-
ing the priority admission of emergency patients over that of polyclinic
patients. In hospitals with an insufficient number of total beds it can
be used to reduce ED crowding and accelerate admissions to hospital
from the ED.
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OZET

Amag

Acil servis kalabaligi tiim diinyada giderek yayginlasan bir sorundur. Has-
tanelerin acil servis kalabalik él¢iitlerini kullanarak durum tespiti yapmasi
ve uygun ¢bziim 6nerileri tiretmeleri gereklidir.

Gereg ve Yontem

GCalismamizda Hastane Bilgi Yonetim Sistemine ek bir program (Elektro-
nik Blokaj Sistemi, EBS) yazildi. Buna gére hastanede bulunan bos ya-
taklarin éncelikli olarak acil serviste yatis bekleyen hastalar icin kullanil-
masi planland.. Acil serviste yatis bekleyen hasta varken, ilgili servislere
yapilacak acil olmayan poliklinik yatislari bloke edildi. EBS baslamadan
énceki dénem, EBS sonrasi erken dénem ve EBS sonrasi ge¢ dénemde
birer hafta boyunca NEDOCS skorlamasi ile acil servis kalabalikligi 61-
culdii.

Bulgular

Elektronik blokaj sistemi sonrasi erken dénemde diger dénemlere gére
NEDOCS degeri anlamli olarak daha diisiik bulundu (p<0.0001). Her (i¢
ddnemde de acil servise basvuran giinliik hasta sayisi ve 6l¢lim aninda
mevcut olan hasta sayisi degismedigi halde, acil servis icinde yatis bekle-
yen hasta sayisi EBS sonrasi erken dénemde, EBS 6ncesi ve EBS sonrasi ge¢
déneme gore anlamli olarak daha azdi (p=0.0001, p=0.001).

Sonug

Elektronik blokaj sistemi, acil hastalarin poliklinik hastalarina gére én-
celikli olarak hastaneye yatisini saglayan, kalabaligi 6nlemeye ydnelik
bir cesit yatis triaji sistemidir. Hastanedeki toplam yatak sayisinin yeterli
olmadigi hastanelerde, acil servis kalabaligini azaltmak icin acil servisten
hastaneye olan yatislari hizlandirmak amaciyla kullanilabilir.

Anahtar sézciikler: Acil servis; National Emergency Department Overcrow-
ding Study; NEDOCS; kalabalik.
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Introduction

Overcrowding occurs when no inpatient beds are available
in hospital as a result of too many patients with non-urgent
medical conditions seeking emergency care."" Emergency
department (ED) overcrowding is an increasing problem
worldwide. Overcrowding is correlated with several nega-
tive outcomes, such as increased in-hospital death rates,
prolonged treatment times, a rise in preventable medical
errors, patients leaving without receiving medical advice
from a physician or without being examined in the ED, and
repeated applications to hospital.>*

Among the reasons for ED overcrowding are an insufficient
number of hospital beds, a rise in ED applications, excessive
critical patient numbers, an insufficient numbers of nurse,
delayed consultations, delayed radiological examinations,
and a shortage of ED physical space.”

There are no globally accepted standard criteria for measur-
ing ED overcrowding. However, five main scoring systems

have been employed in studies regarding ED overcrowding.
[5-9]

1. Emergency Department Crowding Score, EDCS

2. Real Time Emergency Analysis of Demand Indicators
Score, READI

3. Emergency Department Work Index, EDWIN

4. National Emergency Department Overcrowding Study,
NEDOCS

5.Work Score

Hoot et al. compared overcrowding scoring systems and re-
ported that EDWIN, NEDOCS and Work Score provided pow-
erful prediction of emergency service overcrowding, with
negative predictive values of approximately 94%.""

A new strategy has been introduced with an aim to reduce

the overcrowding in the our ED and accelerate turnover
called the Electronic Blockage System (EBS). The main princi-
ple of the EBS is to prioritize, patients awaiting admission to
the ED. For example, patients that are waiting clinical admis-
sion within the ED are registered and all other admissions
outside the ED are blocked in the electronic system.

In order to evaluate the success of the EBS based on the
principle of priority being given to patients in the ED in ad-
mission and reduce ED overcrowding, our study evaluated
ED overcrowding in the pre-EBS and early and late post-EBS
periods.

Materials and Methods

Study environment

The Dokuz Eylil University Hospital (DEUH) is one of two
universities and four ministry of health training and re-
search hospitals providing tertiary casualty department
service in the Izmir with a metropolitan population of ap-
proximately 4 million. With its 925-bed capacity, it is the
third-largest hospital in the province of Izmir. The DEUH ED
served 85,813 patients in 2011. Despite a rise in numbers
of patients applying to our hospital ED in recent years, the
admission rates from the ED to hospital have declined in
relative terms since there has been no change in depart-
ment/intensive care admission rates (Table 1). The mean
age of patients applying was determined to be 46. Eight
percent of the patients were able to be admitted, while
4% transferred to another institution or left the ED of their
own volition. The majority (87%) were able to be seen at
the ED and discharged. The ED harbors 42 beds, consisting
of: 1 resuscitation room, 11 monitored observation, 10 ob-
servation units, 5 for the trauma, 5 in other areas (ear-nose-
and-throat, eye, gynecology, psychiatry) and 10 additional
beds. Sixteen beds are monitored and 6 have mechanical
ventilators. There are two work shifts in the ED from 08:00
t018:00 and 18:00 to 08:00. Each shift includes one emer-

Table 1. Five-year emergency department admission numbers

Year Patient numbers Rise in patient Percentage of admissions
numbers (%) from the emergency department
to hospital (%)

2011 85.813 8 8.0

2010 79.438 18 8.0

2009 67.476 22 8.1

2008 55.438 22 8.4

2007 45.326 16 9.6

2006 35.808 26 11.8
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gency physician, 5 or 6 emergency residents (ER), 5 nurses,
5 medical students in their final year of school, 4 patient
care assistants, and 2 paramedics.

Intervention technique: Electronic Blockage System

Before implementation, a meeting of the Emergency Medi-
cine Coordination Board was held at the DEUH Chief Medical
Office with representatives of all the clinical units in the hos-
pital and members of the ED teaching staff. The following
decisions were made:

« Empty beds in the hospital “should always and without ex-
ception” be used for patients awaiting admission at the ED.

« In the presence of patients awaiting admission at the ED,
other admissions to relevant wards (polyclinics, for example)
should be stopped by the Hospital Information System (HIS),
although admissions are to be permitted once patients wait-
ing at the ED have been admitted.

- At transfers between institutions: if a request for a transfer
to a clinical department has come from an external institu-
tion, the patient is only to be admitted if there are no pa-
tients awaiting admission in the ED.

An additional program to the HIS was written for the imple-
mentation of this system. In the program, if there are pa-
tients in the ED awaiting admission to the relevant ward,
then other non-urgent polyclinic admissions are blocked,
and admissions are only permitted once patients in the ED
have been admitted.

Table 2. Pre-EBS, early post-EBS and late post-EBS results

Study protocol

Once approval had been granted by the Dokuz Eyliil Univer-
sity Faculty of Medicine Clinical Research Ethical Committee,
the study was performed at the DEUH Adult ED where pa-
tients aged 18 and over are accepted. Three different one-
week periods were selected for data collection: the pre-EBS
period (one week immediately before EBS), the early post-
EBS period (one week after EBS) and the late post-EBS period,
the first week in the second month after EBS). A question-
naire was given out that consisted of questions evaluating
ED overcrowding every day throughout the course of the
study (NEDOCS scoring) and questions regarding ED person-
nel (senior ER and senior nurse and paramedic) perceptions
related to overcrowding. The questionnaire was completed
every day at 07:00 (time of fewest applications to the ED),
17:00 (time of average ED density) and 22:00 (time of most
applications to the ED) and the mean of the values obtained
taken. In order to evaluate perceptions of overcrowding,
the following scoring system was used; 1- calm, 2- normal,
3- crowded or 4- Severely crowded. Additionally, a senior ER
personnel was asked about the ED turnaround and the re-
plies scored 1- fast, 2- normal, 3- slowed or 4- stopped.

Crowding measurement technique
NEDOCS scoring was used for overcrowding measurement.!

1. Patient index: Number of existing patients in the ED to ED
bed numbers.

2. Admission index: Number of patients in the ED waiting

Pre-EBS period* Early post-EBS period” Late post-EBS periods® P
Number of existing patients 32.0+84 26.8+7.8 31.7+84 0.074
(range 17-47) (range 15-42) (range 14-44)
Number of patients admitted to the 8.0+£5.9 7.9+4.6 7.7+4.6 0.969
emergency department in the (range 1-21) (range 1-16) (range 0-15)
previous hour
Number of patients awaiting 11.6+£3.4 72433 10.9£2.5 0.0001
admission (range 37-19) (range 2-13) (range 6-16)
Longest admit time 196.3+49.6 72.1+£24.7 160.9+£30.8 0.0001
(range 116-275) (range 26-115) (range 113-218)
Number of patients using 2.4+0.9 2.7+£1.1 5.8+1.0 0.0001
mechanical ventilator (range 1-4) (range 1-4) (range 4-8)
NEDOCS value 196.8+10.3 131.0£29.9 196.3+£10.2 0.0001
(range 156-200) (range 88-183) (range 159-200)
Mean daily patient number 177 159 162

*: Mean of 07:00-17:00-22:00 time intervals. **: One-Way ANOVA.
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for hospital beds to become available to number of hospital
bed:s.

3. Number of ED patients using mechanical ventilators.

4. Admission time: Longest waiting time among patients
awaiting admission to the ED.

5. Registration time: Time spent in the waiting room by the
last patient taken for admission to an ED bed.

NEDOCS values were calculated on the basis of our hospital
standard emergency bed number of 42 and a total hospi-
tal bed number of 925 on the http://www.nedocs.org/ web
site. At analysis of scores between 0 and 200 at NEDOCS
scoring, 100 points was taken as the cut-off value. Accord-

ingly,

+ 0-50 points; calm,

+51-100 points; busy,

+ 101-140 points: crowded,

+ 141- 180 points: seriously crowded,

+ 181 and above: dangerously crowded.

Statistical analysis

The data collected were recorded onto Statistical Package
for Social Sciences (SPSS) 15.0. One-way ANOVA and the
Kruskal Wallis test were used to compare means, and signifi-
cance was set at p<0.05.

Results

A number of patients, including those in the ED, awaiting
admission to hospital, using mechanical ventilators, wait-
ing the longest time, admitted to the ED in the previous one
hour, and mean NEDOCS values at time of measurement in
all three periods are given in Table 2.

No significant difference was determined between the
groups in terms of existing numbers of patients in the ED
and number of patients admitted to the ED in the last hour
(p=0.074 and p=0.969). Examination of numbers of patients
awaiting admission at the ED revealed a significantly lower
number of patients awaiting admission in the early post-EBS
period compared to the pre-EBS and late post-EBS periods
(p=0.0001 and p=0.00, respectively). There was no signifi-
cant difference between the pre-EBS and late post-EBS pe-
riods (p=0.713).

Table 3. Mean NEDOCS values by Emergency Department Staff Crowing Perceptions

Mean NEDOCS Values by Crowding Perceptions

Calm Normal Crowded Severely overcrowded p
n 12 18 24 9
Doctors 152.1+42.6 164.3+43.9 189.3£19.9 186.8+27.8 0.009
n 8 17 22 16
Nurses 155.9+£39.5 175.0£39.8 178.2+38.4 178.9+£27.6 0.474
n 16 15 21 11
Paramedics 162.9+43.5 169.7£41.3 184.8+29.5 179.4+27.7 0.293

*:One-Way ANOVA.

Table 4. Emergency Department Personnel Perceptions of Crowding and Work Turnaround

Pre-EBS Early post-EBS Late post-EBS P
Personnel perception” Mean Median Mean Median Mean Median

Doctors 2.7 3 2.1 2 2.6 3 0.080
Nurses 2.9 3 2.8 3 2.6 3 0.641
Paramedics 2.5 3 24 2 2.4 3 0.960
Perception of Work Turnaround* 2.8 3 1.8 2 24 2 0.000

*: Personnel crowding perception: 1- calm, 2- normal, 3- crowded, 4- severely crowded

¥: Work turnaround perception: 1- fast, 2- normal, 3- slow, 4- stopped
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Table 5. Mean NEDOCS Values by Senior Emergency Department Physician Work Turnaround Evaluation

Mean NEDOCS Values by Work Turnaround Perception

Fast

Normal Slow Stopped Total
n 8 30 22 3 63
Doctors 122.5+29.6 171.6x37.3 194.6+12.6 199.0£1.7 174.7+£36.5

Comparison of mean waiting for admission times of those
patients waiting for longest at the ED revealed a statistically
significant difference between all three periods (p=0.0001,
p=0.0001 and p=0.007, respectively). The period with the
shortest waiting time was the early post-EBS period.

Comparison of numbers of patients using mechanical ven-
tilators in the ED revealed no significant difference between
the pre-EBS and early post-EBS periods, while the number
of patients using mechanical ventilators in the late post-EBS
period was significantly higher than in the other periods
(p=0.449, p=0.0001 and p=0.0001, respectively).

Comparison of mean NEDOCS values by periods revealed
a significantly lower NEDOCS value in the early post-EBS
period compared to the other periods (Kruskal Wallis test,
p<0.0001, Figure 1).

Comparing mean NEDOCS values by perceptions of crowd-
ing of each personnel group in the ED, perceptions of crowd-
ing increase as NEDOCS values rise. However, no correlation
was determined between NEDOCS values and perceptions
of crowding of nurses and paramedics (Table 3).

Comparing ED personnel perceptions of crowding in the
pre- and post-EBS periods, no significant internal difference
was determined in the doctor, nurse or paramedic groups
(Table 4).

Comparing NEDOCS values with work turnaround evalu-
ations of senior ED physicians, as NEDOCS values rose
they considered there was a deceleration in turnaround
(p=0.0001, Table 5).

Discussion

Overcrowding is a common problem in many EDs. There
have been several previous studies on the subject. However,
there are still no effective and standard recommendations
aimed at resolving the problem of overcrowding.'" Hospi-
tals produce their own solutions supplementary to nation-
wide health policies in order to prevent overcrowding.!'?
EBS was implemented in our hospital for the purpose of re-
ducing the overcrowding problem.

Although there was no significant variation in numbers of
patients applying to the emergency service and existing pa-
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Figure 1.NEDOCS Values by Periods.
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tient numbers measured at that time in the department in
the early period when EBS was implemented, NEDOCS val-
ues declined from dangerously overcrowded to overcrowd-
ed (196 and 131, respectively). We ascribe this to patients
being admitted to the relevant departments more quickly
and the number of patients awaiting admission in the ED
decreasing to a lower number of patients using mechanical
ventilators in the ED at that time and to a shortening in wait-
ing times among patients awaiting admission in the ED.

Due to the lack of sufficient intensive care beds, the EBS
system planned for all admissions from the ED could only
be applied to ED admissions. This in turn led to elevated
NEDOCS values at times when there were large numbers
of patients awaiting intensive care admission. There was no
significant variation in numbers of patients applying to the
ED and momentarily measured existing patient numbers in
the department in the late post-EBS period compared to the
pre-EBS and early post-EBS period. This was quite possible
due to an increase in the numbers of patients using me-
chanical ventilators and awaiting intensive care admission.
In addition, there was also a rise in existing patient numbers
in the ED and patients awaiting admission. This in turn led
to NEDOCS values again reaching overcrowded levels in the
late post-EBS period. A rise in the number of patients using
mechanical ventilators in the ED and in the number of pa-
tients awaiting admission to intensive care, even if not using
mechanical ventilators, will mean EDs turning into chronic
care centers. A solution needs to be found to this, since it will
mean a decline in the quality of care given to other patients
applying to the ED and requiring first aid. We think that this
basic aim of the EBS system can be achieved by increasing
the number of intensive care beds and initiating the mea-
sure for intensive care.

Crowding perceptions of doctors working in the ED rose
in line with NEDOCS values. However, no such relationship
was determined for nurses and paramedics. Examination of
the effect of the EBS system on ED personnel perceptions of
crowding revealed no significant differences within the doc-
tor, nurse and paramedic groups in the pre- and post-EBS
periods. Duration of care in the ED is reported to be associ-
ated with numbers of ED doctors and nurses and hospital
capacity."¥! The reason for the difference in crowding per-
ceptions between doctors and nurses may be that the num-
ber of patients per doctor in our ED is sufficient and meets
standards, while nurse numbers are inadequate. In addition,
despite a partial improvementin NEDOCS values in the post-
EBS period, persisting measurement at the ‘crowded’ level
may also affect perceptions of crowding.

Senior ER in our study thought that as NEDOCS values rose
there was a slow-down in work turnaround. As crowding in

the ED rises, personnel perceptions of crowding worsen and
work turnaround decelerates in parallel with this. Increased
ED crowding and a slowdown in work turnaround may have
led to fatigue, or personnel fatigue may affect perceptions
of crowding as a vicious circle, in a vicious circle. However,
fatigue levels were not measured in our study.

Limitations

The effectiveness of EBS was measured using only NEDOCS
scoring. Other parameters that can measure effectiveness,
such as mean durations of hospitalization and hospitaliza-
tion levels, were not investigated. In addition, EBS was not
applied to intensive care admissions. We therefore think that
the number of patients awaiting intensive care admission in
the post-EBS period may have resulted in the NEDOCS scor-
ing system to overestimate the measurements.

Conclusion

EBS is a form of admission triage system that ensures that ED
patients have admission priority over polyclinic patients and
is intended to prevent overcrowding. In a hospital where to-
tal bed numbers are inadequate, the EBS can be used for the
purpose of accelerating admission to hospital from the ED
in order to reduce ED overcrowding. Further investigation
into the EBS and its practicality and application in different
hospitals is need.

Conflict of Interest

The authors declare that there is no potential conflicts of in-
terest.

References

1. Crowding (policy statement) Approved January 2006. Ameri-
can College of Emergency Physicians. Access to: http://www.
acep.org/content.aspx?id=29156. Accessed February 06,
2014.

2. Bernstein SL, Aronsky D, Duseja R, Epstein S, Handel D, Hwang
U, et al. The effect of emergency department crowding on
clinically oriented outcomes. Acad Emerg Med 2009;16:1-10.

3. Richardson DB. Increase in patient mortality at 10 days as-
sociated with emergency department overcrowding. Med J
Aust 2006;184:213-6.

4. Derlet RW, Richards JR. Emergency department overcrowd-
ing in Florida, New York, and Texas. South Med J 2002;95:846-

9. CrossRef

5. Jones SS, Allen TL, Flottemesch TJ, Welch SJ. An indepen-
dent evaluation of four quantitative emergency department
crowding scales. Acad Emerg Med 2006;13:1204-11. crossRef

6. Bernstein SL, Verghese V, Leung W, Lunney AT, Perez I. Devel-
opment and validation of a new index to measure emergen-
cy department crowding. Acad Emerg Med 2003;10:938-42.


http://dx.doi.org/10.1111/j.1553-2712.2008.00295.x
http://dx.doi.org/10.1097/00007611-200208000-00012
http://dx.doi.org/10.1111/j.1553-2712.2006.tb01649.x
http://dx.doi.org/10.1111/j.1553-2712.2003.tb00647.x

70

Turk J Emerg Med 2014;14(2):64-70

7. Asplin BR, Rhodes KV, Flottemesch TJ, Wears R, Camargo CA,

Hwang U, et al. Is this emergency department crowded?
A multicenter derivation and evaluation of an emergen-
cy department crowding scale (EDCS). Acad Emerg Med
2004,1 1:484-5. crossRef

Weiss SJ, Derlet R, Arndahl J, Ernst AA, Richards J, Fernandez-
Frackelton M, et al. Estimating the degree of emergency de-
partment overcrowding in academic medical centers: results
of the National ED Overcrowding Study (NEDOCS). Acad
Emerg Med 2004;11:38-50. crossref

Reeder TJ, Burleson DL, Garrison HG. The overcrowded emer-
gency department: a comparison of staff perceptions. Acad

10.

11.

12.

13.

Emerg Med 2003;1 0:1059-64. crossRef

Hoot NR, Zhou C, Jones |, Aronsky D. Measuring and fore-
casting emergency department crowding in real time. Ann
Emerg Med 2007,49747-55 CrossRef

Feferman |, Cornell C. How we solved the overcrowding prob-
lem in our emergency department. CMAJ 1989;140:273-6.

Hoot NR, Aronsky D. Systematic review of emergency depart-
ment crowding: causes, effects, and solutions. Ann Emerg
Med 2008;52:126-36. crossRef

Harris A, Sharma A. Access block and overcrowding in emer-

gency departments: an empirical analysis. Emerg Med J
201 0;272508-1 1. CrossRef


http://dx.doi.org/10.1197/j.aem.2004.02.378
http://dx.doi.org/10.1197/j.aem.2003.07.017
http://dx.doi.org/10.1111/j.1553-2712.2003.tb00575.x
http://dx.doi.org/10.1016/j.annemergmed.2007.01.017
http://dx.doi.org/10.1016/j.annemergmed.2008.03.014
http://dx.doi.org/10.1136/emj.2009.072546

	A New Model in Reducing Emergency Department Crowding: The Electronic Blockage System
	Introduction
	Materials and Methods
	Study environment
	Intervention technique: Electronic Blockage System
	Study protocol
	Crowding measurement technique
	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusion

	References




