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Abstract

Emergency Departments (ED) are highly dynamic emirents comprising complex
multi-dimensional patient-care processes. In recgetades, there has been increased
pressure to improve ED services, while taking iatoount various aspects such as clinical
quality, operational efficiency, and cost perforrmanOvercrowding has become a major
barrier to receiving a proper and timely emergecase in many acute hospitals throughout
the world. Patients often face long waiting timedé seen and treated. Those who require
admission may even wait longer. The scope of ths®arch is to focus on ED factors that
lead to overcrowding and their management. Teclyyls being cited as one of the
management tools, specifically the utilization &did Frequency Identification (RFID) for
tracking patients as their journey progresses tittan ED.

Like any technology, RFID has potential and pifalThe author chose to use Failure
Mode and Effect Analysis (FMEA) as a tool to explahe possible failures of RFID
technology as it is utilized in one of the ED iny&ilh Military Hospital (RMH). This
particular ED has been used as a case study torexfiiose failures and, with the use of
FMEA, propose a set of recommendations to addtessetfailures and improve the design
and implementation of RFID. The experience of RMBEI-&as explored through interviews
and a survey in which 100 participants took palnie Survey touched upon various aspects of
this experience. This was due to the various rofethe surveyed staff who were involved
with this technology. These roles ranged from friame clinical staff to administrative staff,
management staff and technical support staff. Ratdysis showed convincing evidence of
the positive impact RFID had on managing ED ovewmdiag. However, and as expected,
there are some pitfalls and failures that FMEA bkdlpdentifying and suggested potential
solutions to them. RFID is a small link in the ahaif other technological innovations and
solutions. It is by no means capable of solving th@blems associated with ED
overcrowding by itself. Most of the search carreed by the author identified large variation
in approaches to dealing with the issue of ED awsvding. Those ranged from applying
more human resources to altering the pathways ofagiag patients journey through
healthcare system to applying more intermediateriapf management to ease the pressure
of the Emergency departments. Other approachésliedt some aspects of technology such
as development of early warning systems that hat&een widely adopted and remained as

isolated efforts.
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1.1 Introduction

Emergency Departments (ED) are highly dynamic emirents comprising complex
multi-dimensional patient-care processes. They idewacute care tpatients who present
without prior appointment, either by their own megaar by ambulance. Workmen’s
compensation plans, railway companies, and muditgsin Europe and the United States
provided accident services in the late mid-nineteeentury. But the first specialized trauma
care center in the world was opened in 1911 in Wng¢ed States at the University of
Louisville Hospital in Louisville, Kentucky, and waleveloped by surgeon Arnold Griswold
during the 1930s. Griswold also equipped police fadvehicles with medical supplies and

trained officers to give emergency care while entedo the hospital. (Lancet vol. 2, part 2)

An ED is, typically, located on the ground floor ahospital, with its own dedicated
entrance. As patients can present at any time atid amy complaint, a key part of the
operation of an emergency department is the peatibn of cases based on clinical need.
This process is called triage. EDs manage a vapétgonditions and illnesses. The list
includes, but not limited to heart attacks, traumantal illnesses, and acute exacerbations of
respiratory illnesses like asthma. Additionallyeyhmanage less severe illnesses and
conditions. These are managed in what is commoaly known as Minor llinesses and
Injury Unit. ED overcrowding happens when the fumetof a department is hindered by an
inability to treat all patients in an adequate n&anrrhis is a common occurrence in

emergency departments worldwide. (Aacharya, Gastiiaenier 2011)

Overcrowding has the potential to compromise patane and, is considered to be
one of the most challenging problems facing ED tha&ir patients todayeD overcrowding
refers to an extreme volume of patients that fothesED to operate beyond its capacity and
potentially exceeding conventional nurse-to-patieatios, providing medical care in
makeshift patient care areas, and diverting amlocekaio other institution®vercrowding
has become a major barrier to receiving a propdrtamely emergency care in many acute
hospitals throughout the world. Patients often flacg waiting times to be seen and treated.

Those who require admission may even wait longer.
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In this context, a failure is defined as breakdawthe workflow and patients journey
through ED and on to the rest of the system (adom¥<or exit (discharge). When this
breakdown happens, it could due to lack of integnabetween various sections of ED
(triage, nursing assessment, investigations eteeysvit is difficult to visualize the movement
and or aggregation of patients in one area or anathED, this could represent “bottle neck”
that lead to overcrowding. Having the means togrgee visualization of patients’ movement
will allow early identification of such “bottle nkt and pre-emptive action to avoid

worsening overcrowding.

Extensive research has been undertaken to idecdéifises of overcrowding, and

attempts were made to develop solutions that cdedd with and eliminate such causes.

There is a general consensus that the main cadisagerowding include (Cowan et al
2004):

* Non-urgent visits

* Frequently attending patients

» Seasonal illnesses like influenza

* Inadequate staffing

* Long staying patients due to social reasons

* Hospital bed shortages

Equally, it is agreed that the ED overcrowding hssin negative impact that goes beyond
the ED itself to include (McCabe 2001):

* Patient mortality

* Transport delays

» Treatment delays

* Ambulance diversion

» Patients walk-out

* Financial impact

It is therefore necessary to view ED overcrowdisgaareflection of the larger problem of
supply and demand chain mismatches in most headtlsystems, rather than an isolated ED
problem. The entire delivery system must be asde$se using reliable methods to
understand, measure, and monitor system capachgn\uthis has been achieved, it likely to
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reduce the degree of supply-demand mismatch, sotiguED but also in the system as a

whole. In response to the problem of overcrowdmdED, a number of solutions have been

proposed and implemented with varying degrees ofess. Such solutions include (Wilson
et al. 2004):

Patient flow coordination and facilitation. This could be achieved through measures
such asestablishing the role of a “bed czar” or patiemwmanager. This person
would be responsible for ensuring timely transfeED patients to assigned inpatient
beds. Assigning a dedicated nurse with admissi@widrge/transfer duties who is
specifically responsible for facilitating dischasgé accelerate available beds for
admissions. Furthermore, development of acceletatege and registration processes

based on patient's acuity could reduce waitinggime

Early discharge. This can be achieved through a number of schentesseTinclude:

Initiation of preliminary discharge by designatipatients for early discharge the next
day. Establishing a discharge room/lounge for iiepé¢ who have been discharged
and are awaiting transportation, medications orcation. Establish a discharge
coordinator position to coordinate procuring infation that is required to discharge
the patient. Implement monetary incentives (bonus@sl nonmonetary incentives
(movie tickets or cafeteria vouchers) for physisiamd nurses to promote efficient

and early discharge of patients who are ready toogoe.

Diversion management and reduction. This requiresestablishing new protocols and
monitoring systems to allow early warning when thestem is approaching its
maximum capacity and its threshold for diversioevEBlop a hospital-wide diversion
response protocol to focus existing resources aoilitéding all appropriate patient
discharges in a timelier manner. Creation of a comitg-wide diversion plan in
collaboration with local hospitals and the commyisitmergency medical services

unit to establish a common protocol for hospitatsng on and off diversion or

bypass
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1.2 Research Objectives and Layout

The scope of this research focuses on managingelaed factors that lead to overcrowding
and its management. The aim would be to provideamdwork that facilitates systematic
understanding of the problem and potential waydeal with it and to attempt to prevent it
from happening in the first place. Various stragsgithat were developed have been
investigated for the purpose of this research,tartdst the stipulated hypotheses and related

guestions outlined next.”.

1.2.1 Key Objectives

The main objective of this research is:

“To investigate the use of technology in health earespecially RFID supplemented by

FMEA, as a tool for tracking and management in Engency department overcrowding”.

The author has a close working relationship witle trealthcare system in the
Kingdom of Saudi Arabia (K.S.A) and was a witnesshe issue of ED overcrowding both
personally and professionally. This relationshiguieed from the professional position
occupied by the author as a biomedical engineerl@mg by the ministry of defense in
K.S.A. After careful consideration of the problerh BD overcrowding and its negative
impact on critical and sometime life-saving headtlec provision, the author decided to
embark on studying the exact dimensions of thiblera and to look at potential solutions. It
is expected that such a task will yield vast amsuritinformation and likely to take far too
long to conclude. Therefore, the focus will be nestd to technological solutions. This is
compatible with the author’s interests and willdfelirect benefit to the field of professional

activities he is involved in K.S.A as stated above.

The Riyadh Military Hospital (RMH) is one exampld onplementing technological
solutions to ED overcrowding. The RMH ED is a 1@@bdepartment. These cover
Pediatrics, Critical Care, Fast-Tracking, Resutoma and Short Observation. The
department could provide care for up to 1200 p#dianthin a 24-hour period. It utilizes Red
(critical or life threatening), Yellow (sick but nharitical), Blue (fast tracked) and Green
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(referral to primary care) triage system. The diepant has a clinical staffing complement of
65. As such, it is recognized as one of the majos i K.S.A. This particular ED utilizes

Real Time Tracing System (RTLS) to deal with the B@ercrowding. Radio Frequency
Identification (RFID) system, a form of RTLS, waspibyed in early 2009. It plays a role in
tracking patients’ flow through the ED; helps idgnpotential causes of delay and alert the

staff to the need for action.

The RMH was commissioned with the expectation ghhdemand for its general
services, particularly the ED due to the fact ttiet hospital serves as a central referral
healthcare point. And a service that is originalgsigned to meet the military and their
families healthcare needs. Additionally, the RMadility is where difficult cases from other
military healthcare centers are referred; this pubse intense pressure on its resources. This
pressure is magnified by the fact that hospitalsdserve a large portion of the civilian
community by virtue of an ethical commitment of tdenistry of defense to this population
with such wide attraction of the hospital to heedtte needs. It is imperative to observe a
huge input to the hospital and consequently t&ds

RTLS/RFID seems an ideal technological way for ngamg ED overcrowding. It
provides real-time tracking of all registered patse This affords ED staff full visualization
of what is happening in the department. Any po&triottlenecks could be anticipated and
dealt with before they reach the point of obstactin the flow of patient care. However,
despite these obvious benefits of RFID systemsatitieor attempts to identify their ability to
handle the pressure and strain of busy ED workflévgo, can all possible pitfalls and
failures of such system be anticipated and solatiare put in place in the event of such
failures? To answer this fundamental question ailthor proposes to use Failure Mode and
Effect Analysis (FMEA). More details on FMEA areopided in chapters 1l and llI.

This research studied the experience of the RMH WIEID/RTLS. The application
of FMEA is an attempt to improve the outcome obthkperience and an analysis of what
could be done to minimize the effect of ED overadowg. The combination of FMEA and
RFID will rely on survey-based research directedtatf of the RMH ED. Additionally; face-
to-face interviews could be used to gain more inphis will seek to establish the reasons
behind the perceived success or failure of then@dgy with those responsible for the
implementing and using the system. This researalitas so that the actual benefits of the
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implementation of RFID in hospitals are more chgdmown. In addition, this research will
provide case information, which could be used Ihephealthcare institutes to improve their
RFID implementation programs. The FMEA findingsIvoé analyzed and the outcomes will
be looked into in a detailed manner. It is hopeat tthese will be helpful for potential
improvements of RTLS in healthcare and in particula solving the issue of ED

overcrowding.

The author proposes the following set of questemgepresentative of the wide scope
of this research work. It is hoped that by providanswers to these questions, the work will
be able to measure the precise potentials andibkepnétleploying and using RTLS solutions
in easing ED overcrowding and allow anticipationpotential failure that impact negatively
on the wider and more common adaption of technglBID and more, in solving and pre-
empting ED overcrowding. This can only be benefi¢@ patients who will be on the

receiving end of high quality healthcare.

The following is a set of questions the author abers key to this work:
1. Has the RFID solution, as a solution to ED Overatimg, been subjected to
significant practical utilization and subsequetgriture reviews extensively? If so,

what has such solution revealed in terms of ardategh and actual realized benefits?

2. What are the risks and disadvantages (technologicdl administrative) associated

with the deployment of RFID in healthcare?

3. Failure Mode and Effect Analysis (FMEA) has theligpito help identify potential
risks and failures and their severity within a eyst How can FMEA help in
identifying potential risks and failures associatéth RFID when used in healthcare?

4. Assuming FMEA as a risk assessment has the pdtemsaccessfully identify RFID-
associated risks and failures and help developtisokj what could be done to

improve such potential even further?

And the following hypotheses will be tested in tivsrk:
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1.2.2 HYPOTHESES:

1. RFID is an appropriate solution in health casmagement particularly ED overcrowding.

2. Utilization of RFID in healthcare associatedhe technological advantage.

3. FMEA is more useful in identifying the risks atieir consequences, when used in RFID.

To address these questions the author appliedloe/ing:

1. Literature review on the subjects of ED overcrowgdiRFID technology and FMEA

2. Studying the hands-on experience of the RMH withlypg RFID to deal with its
ED overcrowding issue. This has been done via fadace interviews and online

surveys

3. The obtained input resulting from the interviewsl @urveys have been analysed and

compared with the reality of the impact RFID madesasing overcrowding

FMEA worksheet will be applied to the RMH RFID irder to assess risks associated with
the system and put forward recommendations to iwgittand consequently enable RFID to

contribute further towards easing of ED overcrowdin

1.2.3 Research Work Layout

The author proposes the following structure asméwork for this work:
* Introduction to the issue of ED overcrowding, pdrcauses of overcrowding. How
is overcrowding measured and when does crowdingrbecovercrowding. And

finally, the risks associated with overcrowding.

» Literature review introduces a brief summary of thain elements discussed in this
research. These are FMEA and RTLS/RFID. This rewellvbe extended to cover
both medical and non-medical uses of the technetodihe author proposes to begin
with the non-medical uses (for example industredets tracking and management).

18



This would show the deep roots of these technasogienon-medical spheres before

they were adopted by the healthcare sector.

Investigation of proposed solutions to the problemED overcrowding. Non-
technological solutions will be approached brieflgowever, the author will

undertake detailed studying of technological sohsi

Detailed study of RTLS as a technology as a whidhken, emphasis will be placed on
RFID as applied in healthcare. The RMH system Wwél detailed and used as a

template representative of RFID usage in EDs.

Methodology: As outlined above, the RFID in RMHKI5.A was used as an example
to study the experience of that institute with iimplementation of RFID. This was
carried out through online surveys, face-to-facel aemote interviews. Detailed
analysis of this system will be conducted and it & subjected to FMEA analysis
with potential pitfalls identified and potential lsbons suggested. After that, the
author illustrated the benefits and/or failure loé system as a whole. What lessons
can be deduced? Has the RFID, as a technologyjlmateid to solving the problem of
ED overcrowding? If so, then what made it a suctdtsot then what the reasons
behind its failure?

Discussion of the findings of the FMEA analysiglod RMH ED research unit. These
will be contrasted against the initial aims of {hwject when the RMH set out to
implement and use RTLS/RFID. This in turn will helg author to answer some of

the key research questions outlined above.

Conclusions and recommedations: these will be dég@non the aforementioned
findings and their discussion. The recommendatemeslikely to enrich and elevate
the current level of the knowledge about RTLS tedbgies in healthcare when
combined with the help of analytical tools lik&MEA. Furthermore, inferences
could be drawn to provide solutions to ED overcrmgdin the context of overall
patients flow within the entire healthcare systeshjast within EDs.
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1.3 The Current System

This section provides a view of the healthcareesysin K.S.A. This is important as
the fieldwork for this project takes place withing system; also the author has been involved

directly in this system in his professional capacit

Healthcare in K.S.A can be classified as a natitealth care system in which, the
government provides health care services througtmnaber of government agencies. Parallel
to this, there is a growing role and increasedi@pdtion from the private sector in the
provision of health care services. The Saudi Aralbbnistry of Health (MoH) is the major
government agency entrusted with the provision reventive, curative and rehabilitative
health care for the Kingdom’s population. The Minigrovides primary health care (PHC)
services through a network of health care centresughout the kingdom. It also adopts the
referral system which provides care for all membarsociety from the level of general
practitioners at health centres to advanced teolgyapecialist services through a broad base
of general and specialist hospitals (220 hospit&®wever, this infrastructure of hospitals
and PHC does not meet the requirements of incrgasimbers of patients who place an
ever-increasing demand on healthcare. The MoH nsidered the lead Government agency
responsible for the management, planning, finanamdj regulation of the health care sector.
Also, it undertakes the overall supervision andof@lup of health care related activities
carried out by the private sector. The MoH statedt® website in 2008 that it aspires “To
realise health in its comprehensive concept ateakls for individuals, families, and the
society, together with working in co-operation amdordination with service providers from
both public and private sectors to assist the Blderd those with special needs in a way as

to enable them to accommodate their health simstio

Emergency Departments (EDs) are a very importawckt entical element in the
Kingdom’s population health, and indeed in any thealre system. They represent a safety
system and they have to be available 24 hours afdawny patient who requires medical
care. There has been a steady increase in the gadnoh acuity of patient visits to ED. With
well over a 100 million of people in the US recaryiemergency care annually, this rise in
ED utilization has effectively saturated the capaof EDs and emergency medical services

in many communities. This overcrowding now threataccess to emergency services for
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those who need them the most (AAP 2004). The mgajroblem in ED starts the moment a
patient arrives at the reception with a complairitis continues when the patient is either
referred on to another specialty or discharged.loRged waiting, naturally, leads to
increased patient dissatisfaction at base levelparsdibly clinical risk and/or fatality at the
higher end of the scale. This is reflected in atraasing number of patients who leave
without being seen and the mounting complaints etibal and written. Undoubtedly, this

picture repeats itself throughout other healthegstems to varying degrees.

The author understands that solving the problemovarcrowding is multi-factorial; it
involves administrative, financial, human resouraed technological aspects. All these will
need to be taken into account and dealt with ireiotd achieve a satisfactory approach and
outcome to improving the issue of ED overcrowdidgwever, the scope of this work is to
deal with and focus on the utilization of techngloghamely RFID, in easing ED
overcrowding. This is due to the fact, the authas Hirect and special interest in this field in
a professional capacity. He is associated with kMeH as a biomedical and health
informatics engineer. Such statement does not niednother factors that were stated earlier
and elsewhere in this work are not equally crititalfinding the solution. The author
acknowledges their significance and realizes thehér work by other researchers needs to
be done and deal with the non-technological factdhe technological aspect of managing
ED overcrowding is the focus of this work.

21



Chapter Il

Literature Review
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2.1 Introduction

In this chapter the author aims to set the boueslasf the literature review, they
begin by looking at healthcare technology impleragaoh and management. Naturally, this is
likely to comprise elements beyond technology fts&@hose include: human resources
(doctors, nurses and administrative staff etcerant human nature to resist change and
availability of the infrastructure and support meas to aid the success of a new technology
in achieving and delivering on what it set out o @he review will not study these elements
in detail. Instead, the focus will be directed tosgathe technological aspects and how these
are being implemented throughout various partswbdd so far to help dealing with and

solving the issue of ED overcrowding.

Initially, this will be a broad look at how varisuegions around the world deal with
ED overcrowding and the spectrum of solutions terte used to tackle the issue. This is due
to the global nature of ED overcrowding problemrr@si et al. 2010 studied this in a report
published by McKinsey & Company. They stateD’' overcrowding is common in countries
across the globd?atients must often wait hours before being seea tgctor and far longer
before being transferred to a hospital bed. Theltréesnot merely inconvenience but rather a
degradation of the entire experience—quality okecsuffers, patients’ safety is endangered,
staff morale is impairedind the cost of care is increased”. Fields WE, 1888d that one
of the reasons for ED overcrowding is that in addito caring for the acutely ill or injured
patients; EDs provide basic healthcare as well waids more strain on available resources

and leads to further overcrowding.

Given the global nature of ED overcrowding, therhture review will be looking at
the different perspectives overcrowding is viewedl alealt with in various healthcare
systems. One perspective is to see how differeptoaghes emphasize different aspects of
overcrowding and focus on different ways of imprayiit. As mentioned earlier and in
various places in this work, ED overcrowding is altdimensional problem that requires a
multidimensional solution. This is true for bothettbechnological and non-technological
aspects of the solution. Therefore, RFID utilizatis one example of technological aspect of
the solution used to solve the problem of &rcrowding. The literature review is expected

to reveal other technological solutions. Such smhgt are likely to coexist to arcbntribute

23



to solving the problem of ED overcrowding. This colddd to questions such as what else
can these technologies are used for in order taresghhealthcare provision both in ED and
throughout different parts of the system? Howetis work looked at the matter of ED
overcrowding only rather than looking into otheahlecare related uses.

The author used a number of search methods faewawy the literature of relevance.
Those included online searches, utilization of theversity’s local resources and on a
number of occasions ordering resources from othi@ote facilities when resources are not
available locally. Google Scholar has been useénsxiely as well as linked databases.
These have been referenced and acknowledged auwglyrdSearch criteria for this work
included the following keywords: Emergency deparimeovercrowding, healthcare
technology, FMEA, RFID, RTLS, RFID in healthcareMEA in healthcare and RFID

overcrowding.

Technology as a process of achieving an end resydtoduct is, inherently, subject
to failures. The causes for such failures are cemnphd multi factorial. The author aims to
look into potential problems associated with thelementation and management of RTLS
technology in healthcare and namely ED overcrowdifigEA was used as a platform for
assessing potential failures in RFID RTLS solutidhis will help to understand why, if and
when, a new technology is introduced could faitl&biver on what it initially promised. This
is not saying that the technology itself is dystioal. Instead, it may, very well, be that the
way it was implemented was suboptimal, rushed lathdught of. Therefore, the question
becomes; how can this be prevented and how camtmitdailures be anticipated and

solutions are ready to deploy when needed?
Both RFID and FMEA are introduced and explainadfly below. The aim is to give

readers of this work a clear view of these techgiel®oand provide an understanding of their

abilities, when combined, to help with the issu&bf overcrowding.
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In summary, the literature review is structuredadsws:
e Introduction to RFID/RTLS as a technology, underdiag its origins, its basic
components and discussing some of its uses inuaidustries. Then, looking at

RFID use in healthcare.

* Introduction to FMEA and understanding its origiiis historic and current

applications. Also, a literature review of any us€EMEA in healthcare.

* Analysis of the literature findings and discussairtheir relevance to the subject of

this work.
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2.2 Real-Time Locator Service (RTLS)

According to the International Standards Organma{iSO), RTLS are systems that provide

the location of assets on a constant and recupasis (ISO 2006).

An RTLS is a set of radio frequency receivers assbeiated computing equipment used to
determine the position of a transmitting deviceatieé to the placement of the receivers.
RTLS tagged objects/assets are read automaticatly cantinuously, independent of the
process that moves the tags. With RTLS, no int@reeror controlled process is needed to
determine asset location. Examples of real-timeatlng systems include tracking
automobiles through an assembly line, locatingepmlbf merchandise in a warehouse, or

finding medical equipment in a hospital.

The ISO describes four classifications of RTLS, these are:

* Locating an asset via satellite (requires lineighg - accuracy to 10 m.

* Locating an asset in a controlled area, e.g. warshocampus, airport (area of

interest is instrumented) - accuracy to 3 m.

» Locating an asset in a more confined area (ar@aarest is instrumented) - accuracy

to tens of centimetres

* Locating an asset over a terrestrial area usingrrastrial mounted receiver over a

wide area, e.g. cell phone towers - accuracy tor200

The ISO states that there are two further methdd$o@ating an object using Radio
Frequency ldentification (RFID), these are:
* Locating an asset by virtue of the fact that theeatias passed point A at a certain

time and has not passed point B

» Locating an asset by virtue of providing a homirgadon whereby a person with a

handheld can find an asset
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These two methods are of interest to this workhay represent the basic concept for the
RFID system used at the RMH ED.

2.2.1 Radio Frequency ldentification (RFID)

Rieback et al (2006) maintain that RFID was firséd in the United Kingdom to help radars
distinguish friendly from enemy aircrafts during YWbWar 1l. Roberti (2005) clarified this
further by stating that, during the war, the Germaapanese, Americans and British were all
using radar to warn of approaching planes whilg tere still miles away. There was there
was no way to identify which planes belonged toehemy and which were a country’s own

pilots returning from a mission.

The British developed the first active identifyeind or foe (IFF) system. They put a
transmitter on each British plane. When it receisigghals from radar stations on the ground,
it began broadcasting a signal back that identifiedaircraft as friendly. RFID works on this
same basic concept. A signal is sent to a transppomdhich wakes up and either reflects back

a signal (passive system) or broadcasts a sigotiéasystem).

The technology remained underutilized until the lyeat990s when scientist at the
Massachusetts Institute of Technology (MIT) took tmext leap into further development
when they used RFID to track and identify objectd assets as they moved. Since then, the
technology has made huge advancements in manyrsesftanodern life. This includes
healthcare, although to a lesser extent, as redd®sow.

Generally speaking, in its simplest form an RFIBteyn consists of three main components:

a tag, a reader and a host computer or an applicdéavice as shown in Figure 1.

{—Data—)

» RFID reader ﬂ ——Clock=) % RFID tag
—Energy—
RF coupling

Application

»  device

Figure 1: Basic RFID system components (Sourc&@yer. FIDIS 2009)
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RFID systems can be closed or open.

Closed system is defined for a strongly delimitedrimnment (in terms of data
exchanged and frequency power). It does not nedxk toompliant with other data

formats or frequency allocation schemes

Open systems, by contrast, have interfaces to sistems outside their own area of
definition and may be functionally or organizatibypeexternal (Van Oranje et al
2009)

Van Oranje et al. also describe RFID systems ageaot passive systems. This is based on

the kind of tag, also known as transponder, straectd transponder contains copper or

aluminum antenna and a memory chip. These are edwerfoil.

A passive tag has no processing capability andnteyrnal power source. By using
innate induction properties of electromagneticdselthe chips are turned on when an

electro-magnetic reader is present

Active transponders transmit signals of their owstoad using internal power
supplies and more powerful processing and memamage facilities, which allows
them to act like microcomputers. Generally speakiagtive transponders can
transmit data up to a maximum distance of 30 metergpposed to a maximum of 5
meters for passive ones. Active RFID representsesence of RTLS as it allows

continuous and automatic tracking of the taggeeéaibjor assets

Heinrich (2005) pointed out that RFID is likely b® among the most exciting and fastest-

growing technologies in terms of scope of applaratin the next generation of business

intelligence. It has potential implementation in nypasectors such as aviation, building

management, enterprise feedback control, healtlzcatdibrary services etc.

It can be surmised that, the principal advantageRFdD system include: non-contact and

non-line-of-sight characteristics of the technology
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Tags can be read through a variety of visually amdronmentally challenging conditions.
With a response time of less than 100 ms, an REHder can read many (several hundred)
tags virtually instantaneously. Tags coupled wihsors can provide important information
on the state of the goods. For example, refrigdrgteds can be monitored for temperature,

problem areas identified and alarms raised (Rol2€@§).

2.3 RFID in Healthcare

Pappu et al (2004) stated that people in a hdspégardless of a staff member or
patient, are always changing their location and megd to be tracked. Doctors, nurses and
patients may be needed in case of emergenciespiagot also needs to be prevented from
being stolen. The correct medicine must be givethéoright patients along with the right
amount at the right time. Thus, all the above fiectdfect the standard of patient care in the

hospitals in order to improve management.

Van Oranje et al (2009) published their final nepan the studyf the requirements
and options for Radio Frequency lIdentification (BFlapplication in healthcare after
conducting seven case studies of existing RFIDiegjpdns. These were based in the United
Kingdom, Holland, Germany Switzerland, Italy anc tbnited StatesThey identified a
number of factors that favour RFID deployment iallfecare settings, these include:

1. Patient safety and quality of care improvements asgbciated cost savindg2atient
safety is increasingly recognised as a key heakhpalicy area in Europe as evidence
is growing on the human and financial costs assetiaith adverse events in acute
care, prescriptions and other aspects of healthEaen minor disruptions or errors in
care at the patient’'s bedside can have severe qo@sees. The main reason why
cost-savings are more of a driver than improvemanisatient care — although the
two are interrelated — is that “in actual investbgcision-making processes, it
always comes down to costs” — a point highlightdathvan example of hospitals
seeking a solution that provides better documaearidth support the hospital’s need to

charge or claim an expense.

2. Organisational and financial needs and benefitsh sa€ process traceability of
medical devices, objects and equipment. This esghed, equipment and other items
are available at the right time and the right plabes saving time and money. The

ability to link personnel, maintenance requestae®ds, and expensive medical items
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to be serviced for regular maintenance or repais algo identified as a driver of

RFID dissemination in healthcare.

Process transparency/traceability needed as theomplexity and volume of
healthcare provided to patients has been increagitigmodern medical technology
and innovation. The combination of these charasties requires a greater need for
patient tracking and serialisation of patient ides@tion. One of the seven cases
studied (Treviglio Caravaggio Hospital, Italy) hdsghlighted the operation
managerial problem of patient volume and the asasediincrease in repetitive
treatment interactions as a driver of RFID techgglas the solution. Medication
commissioning and preparation, medical device/prodlwentory and care working
routines are all situations often considered t@l®ack box. This situation exists in
healthcare because most activities and patientarardocumented by hand on charts
and are not as comprehensive as automated methdts. UK, for example, it is still
the case that most hospitals still admit patiegtpioducing hand-written wristband
identification, which can be illegible or incom@etThus, many interviewees and
respondents felt that RFID technology could help inorease the quality of
documentation of patient care, bring documentatimser to the patient and make
information readily available in real-time. In esse, RFID can create process
transparency and traceability without which realpiovements in the process of
patient care. The issue of process transparencya awain driver of RFID
dissemination in healthcare has been identifiesleveral case studies: namely, Jena,
AMC and Geneva. In the Geneva case, process tnampawas an issue driving the
use of RFID for asset tracking and for the pharm&FID was used to track
biological swabs from operating theatre to labatas) reduce transportation time and
wrong-destination “as well as [clarify] responstiodls.” In the pharmaceutical
context, the driving force of the RFID applicatisvas a motivation “to increase

quality and traceability of chemotherapy preparaio
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4. Government policy and private sector interests hagen found to be potential
enabler and driver of RFID, depending on the polMpre specifically, the driving
influence of government occurs through the provisid financial incentives or by
directl mandates that favour RFID adoption. In teraf enabling factors, a ‘pro-
innovation’ government health policy can be aimed eatablishing favourable
conditions and assisting small and medium sizerpnses (SMES) in developing and
piloting an RFID application to improve processésare. As clearly emphasised in
the context of the one of the case studies at Wdemorial Hospital — USA where
government regulations acted as an incentive mttoption of RFID technology to
the extent that these applications provide orgépiss with a tool to comply with
regulations. The role of government policy in &8tg RFID was particularly
evident in another case study in The Netherlané@seHhe Government was a clear
driver by leading the initiative of an RFID appliican, but the recipient never took
ownership. This case study represented an exani@egovernment pushing RFID,
but ‘missing the point’ which can lead to a failesbt, reputational damage, and
possibly a setback in the deployment of the teatgol This raised a set of important
points for government policies such as the needofstering stakeholder involvement
in order to maintain alignment between the interedtthe various involved actors

and the expected functionalities of the RFID system

Heavy promotion and hype of RFID (through Governtmé@movation
campaigns, innovative companies, the media ett)deae its use in healthcare, as
hospitals may want to give an image of innovatigsn®ne interviewee from Wayne
Memorial Hospital, stated that “there was incregsiise and hype associated with
Radar Find.” Another interviewee remarked thatrtteket for RFID in healthcare in
Europe was “past the hype” and “ready for mass-etackmmercial deployment.”
What this quote suggests is that publicity in tbenf of “hype” is perhaps most
relevant as a driver at the early stages of depéoynii.e. not mass scale) and that
there is a cycle of hype. However, the hype cao &lave negative impacts, as
(hyped) negative opinion-making creates insecwitgl image problems which limit

investment.

31



5. System capacity — management structure. The reglovan Oranje et al has
highlighted two examples related to the largerasstisystem capacity as a driver of
RFID dissemination in healthcare. System capac#fers to features of the
management structure either at a local site lemelt a regional level. At a local
level, it has been shown how the “technologicahljightened management team,
simpler management structure, involving fewer Is\aid a capacity to quickly make
decisions” can strongly influence the disseminatioin RFID in healthcare in
particular, but also technology more generally. iirly, the latter example shares
features with another example of regional leveteyscapacity. As explained by one
of the experts, Canada would be an interesting RRéiket to follow because “it has
teeth (regional healthuthorities in most of the provinces are coordidptnd it has the
money. It also has a tradition in healthcare to be drilmnproof of concept and

evidence-based medicine.”

Although these two examples may not indicate tliatesn capacity is a key issue in
the suite of drivers of RFID demand in a healthtert) several sources reviewed for
this project stress the importance of understantliegwider environment in which
RFID is disseminated from a structural perspectivdact, bureaucratic management
structures constituted a critical uncertainty, dssed in two sections below, of future
RFID innovation and dissemination in terms of liexitsystem capacity of top heavy
administration in the UK’s NHS.

Equally, Van Oranje et al in the same report noted, while RFID has the ability to benefit
the healthcare sector; there are a number of dbst#tat could hinder it from delivering

such benefits. These obstacles were summarized as:

1. The limited availability of wireless infrastructurand connectivity problems
was one of the reasons why staff at the Amsterdadidal Centre (AMC) was not
convinced that RFID technology would be the sugakblution to reduce the
administrative burden and produce a flawless measemt of processes, particularly
given the fact that wireless communication is nailable in the Operating Room
(OR). As an interviewee from the California Hea#ilee Foundation remarked, “the
physical infrastructure of hospitals does creataddeones and this needs to be
remembered.” Similarly, in locations where wirel@sgastructure is available, the
“connection problem” and reliability under certaioftware applications
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2.

Interference between different wireless frequenpresent a critical obstacle to RFID
dissemination in healthcare because healthcaregmwowshould not cause harm to the
patient and RFID interference is a risk to patisatety. In the AMC case, early

measurements of interference showed it to be malrissue of concern and resulted
in one of three pilots not being conducted as oally planned. In the Geneva case
interference posed major reading problems, whilshe University Hospital Jena —
UK case the same was decided after publicatiomeflburnal of American Medical

Association (JAMA) article highlighting the obstadf interference.

There are two main aspects of interference thaldcorevent tracking of materials fully
and in real-time:

interference with certain medical devices in OR, technical installations (e.qg.
elevators, air-conditioning, etc.)
interference between passive and active RFID signahereby active tags overrule

passive ones.

The general consensus is that the technical isgumterference and physical
constraints can be considered an obstacle to REBWimu healthcare and is still an
issue for specific instruments in hospitals. Howewome experts felt that this
particular obstacle could and would be overcomerfatence in the long run when

new technologies and the low power 900MHz bandwiiditome available.

Difficulty of physical integration and attaching RFtags and their size or the size of
the hand-held readers can be an obstacle to RFRtementation in healthcare. Size
was an issue identified in four different case ®sidy Van Oranje et al (AMC, Jena,
Geneva and Wayne Medical Center (WMH)). Medicatompoules are one example;
they cannot be tagged due to their design or t&g 3ihus, having the “right size” for
users is a key obstacle to RFID dissemination aitheare and can mean that in some
cases (AMC), RFID cannot serve as a single solutitren there are multiple
requirements of RFID to operate at two differerdqfrencies that each requires a
different size tag. Physical attachment of RFIDstag moving objects or to objects
with varying temperatures is problematic when dsj@annot be tagged by design or
when attached tags are not secure. For example;as®gefound it is difficult to glue

to frozen surfaces such as frozen blood plasmath®ndound that RFID does not
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work on metal surfaces such as metal-coated badsyet another found that most of

the tags were sticky tags that easily broke.

. Cost of the technology means that, the current etaxkRFID technology is such that
RFID tags are more costly than other technologsesiio support healthcare delivery
and processes, such as barcodes. This was iddrdgfian issue repeatedly. The result
of the “relatively high cost of RFID” meant, in sencases, either pilot failure or a
move towards a cheaper solution, the higher prifferdntial between the cost of
barcode and the cost of RFID has meant that, ilBthreingham case, the cost factor
was one reason for re-quoting the system to atdhiespital that only wants barcode-
tagged wristbands rather than both and cost alsmee to lead to initial “reluctance
at the Trust Board level” to pilot the applicatiohhe cost obstacle concerns a general
issue of emerging technologies, similar to the hagbts of the first mobile phones.
Hence, as one respondent in to study in Birmingbase noted, "until there is mass
production to bring down the price of RFID tagsstcwill remain a barrier to general
implementation."” Another issue to confront is trenndropping costs of readers.”
contrast, the Delphi survey showed that, overat], dosts were perceived as being of
low importance (relative to other barriers) butdearto overcome as an obstacle.
Across the different stakeholders it was felt tta@ft prices are coming down and will
not be a major barrier in the future and that &g las there is a solid business case
(proving return on investment) costs are not mucinassue. However cost may still

be a difficult obstacle for a number of reasons.

RFID requires “pervasive network coverage” sucimgsgrating antennas into
walls (e.g. for baby protection systems) and majmsts are related to
building/construction costs, running replacememvises, and electricity as well as
costs linked with accuracy such that room-levehgtarity with RFID “can only be
achieved with choke-points due to physical lawsictvladd costs.” Hospitals are not
ready to carry the costs and are not yet convinddgtle benefits. True costs need to
be calculated by tagged item and by application¢chvhequires professional planning
for which care providers may not always be wellipged. System failure is a cost,

and the challenges of effective back up remainsoived.
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5.

Identifying and addressing privacy concerns aréssne with a clear human element
that surround and hamper RFID dissemination in theate. In particular, the
perception of risks to privacy was a clear issus th some cases presented a real
barrier to RFID use, but in all cases. In theirveyrVan Oranje et al revealed how
privacy was one of the three most important basrierRFID applications. However,
it was felt that it could be relatively easy to mx@me compared to other barriers. One
example of how this apparent barrier of privacyc@ns can be overcome is most
evident in the Jena case. Here, data protectiors “e@sidered by design and
motivated the decision to limit information stored the tag.” More importantly, the
processes for data protection were defined “in eoajion with a number of
stakeholders to ensure that concerns were proeftiressed.” But while these
collaborative decisions may have produced a p@asédffect on perceptions of privacy
risks in this case, the same approach in anothe¥ oa context may not produce a
similar effect — herein lays the critical uncertgiof this issue. More generally, social
perceptions of RFID technology and cultural norngenissues felt by the largest per
cent of respondents (35percent) to have less irapogt as a barrier but the hardest
barrier to overcome. While the collected evidentferano specific insight into why
this result was found, one could argue that sgo@teptions and cultural norms
encompass a range of issues that have perhaps dieen less attention or
prominence as issues of privacy which have be#medbrefront of ethics committees

and public debate.

Moreover, the greater the generality of this issrgl the more diffuse is the
problem of perception as a barrier, the more diffic¢ becomes to find a solution.
Despite the difference in relative importance aathtive ease of overcoming the
barrier between perceived privacy concerns androsoeial perceptions/cultural
norms, three cases and eight interviewees strabsedole of human perceptions
about RFID technology, its potential benefits arid monitoring as critically
influencing RFID use and dissemination in healtacaAs the AMC case
demonstrates, suspicion of the consequences of stking and timing of
communication are key uncertainties surrounding uke of RFID. The Jena case
showed that discussing RFID actually creates nsstof the healthcare provider

among patients who are confronted with the possdsilof medical error which they
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had not considered before (i.e. RFID as a solutmra problem/risk that they
thought/hoped did not exist).

. Reliability — data loss or poor quality Data captliiby RFID tags must be absolutely
reliable in order for subsequent analysis to barogf use. The AMC case showed, if
the tracking of waste products is incomplete dukad& of reliability of recording, or
poor quality tags, then there is no way to intarpdata captured. Incomplete
reliability of RFID captured data makes subsequamalysis and understanding
difficult, and creates mistrust in the system. Theortance of quality of information
was well recognised in the Geneva case. The impoetaf reliability in this case was
highlighted by the consequence cost of error mamagé was identified as a barrier
to RFID. The survey found that reliability and datéegrity were two of the three
most important barriers to use and disseminatiorRBfD in healthcare. In one
extreme, it was suggested that when RFID applinaticse derived location systems
to determine where tags are physically, they canegdge up to 40% incorrect
information” or error messages. But, even whenddia quality of RFID tags has an
overall error rate of 1-2%, this is considered ttosbe “prohibitively high” as
demonstrated by the Jena case. Given that thegeadtmedicine aims to follow the
creed of “First, Do No Harm”. Although data loss mwor quality data constitute a
critical uncertainty in their own right, one expadted a dependence of reliability on

achieving data integration; this means that RFIEisble when properly integrated.

Finally, achieving full accuracy is stated by a tn@mof interviewees as one
of the biggest RFID problems for use and dissengnasince costs are linked with
accuracy and the issue therefore affects the retiinvestment. “There is an inverse
relationship between accuracy and costs. Thuschiaenge is to find a way to
improve accuracy without increasing costs givent thatter granularity and
performance and higher cost are correlated. Apaninfcosts associated with
technological improvements, higher costs are thalr®f increased human resources.
In the Geneva case, the formalisation and validatiball processes by users (e.g.
clinicians, nurses, specialists, etc.), upon whileta reliability critically depends,
required considerable time investment. In additmnlinical process validation, other

human resources are needed with enough technidaltskdocalise the actual errors.
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6. Adoption and user compliance with the use of RRiDheéalthcare can be hampered
critically by individuals who do not fully adoptehapplication in their work practices;
this is because RFID and other technologies gdgetapend on the human-enabled
element for use in healthcare. The survey condubte®ranje et al showed that,
“user-friendliness” was perceived as the most irtgodrenabler by care providers,
whereas industry respondents considered it lessriat. The study also revealed a
number of ways in which user compliance with anliappon could be less than
optimal and these included, but are not limitedstaff frequently forgetting to wear
tags; having to remove patient wristbands for aemautines; recharging batteries of
hand-held readers; losing components of the RFIRligaiion, needing to slide the
status tag indicator key and having information eeldted analysis that is not “simple
and intuitive for the end-user.” This last poird@lelates to the critical uncertainty of
user resistance to change insofar as hospital stajf lack the necessary technical
skill to work with complex applications. User nodegtion occurs when the RFID
application causes any interruptions to routinee caork or creates any additional
tasks, and this compliance issue is particulanye tfor nurses who are already
overloaded and this new technology is distractingnt from nursing. Any new
system should consider legacy issues, organisatmoaesses and structures, staff

skills with which it will interact into account.

The final report of Van Oranje et al detailing #even case studies led to the observation
that, while acknowledging the obstacles and thel h@®vercome them, assets and patients

tracking are among the most promising benefitslBCRN healthcare.
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2.3.1 RFID Implementation in Healthcare Facilities

In the process of literature review and the usdRBID in healthcare, the author
reviewed a reasonable number of examples where RED implemented in healthcare
facilities. The aim is to highlight some of the gieal benefits and gains as described by
those facilities. Three particular examples wereselm as they span a reasonable length of
time with the use of RFID in healthcare and repmese different geographical healthcare
systems. The review of these experiences reveaet ©f the issues and shortcomings
associated with such implementations. Those exampger a number of settings and are
not being restricted to EDs.

2.3.1.1 Mahkota Medical Centre MMC

MMC is a private medical services provider in Kuhlanpur- Malaysia. Maternity services
if one of the services MMC offers. Some parents@iborn babies successfully challenged
the security of the centéry “simulating” abduction with their own babies.i$prompted the
management to implement an RFID system where, nesbare tagged with latex-free and
waterproof bracelet that can be adjusted to thditea In the event of unauthorized removal
of a newborn, the nurse station is notified by kmna within seconds and the maternity staff
could take action immediately at the right locatiéiter a 9-month experience with the
system, MMC management stated that this additisealice is well accepted by the parents

and staff.

2.3.1.2 Heartlands Hospital HH

Bacheldor 2007 reports that the U.K.'s NationaldPatSafety Association (NPSA) identified

cases in which doctors have operated on incorites sn their patients’ bodies. The term
"correct site surgery,” NPSA coined, refers to atiag on the correct side of the patient
and/or the correct anatomical location or levelcksas the correct finger on the correct
hand). The NPSA's National Reporting and Learniggt&n pilot study, conducted in 28

acute NHS organizations between September 200w 2002, recorded 44 patient-safety
incidents related to the wrong procedure, siteratpeg list, consent or patient name and
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notes. A further period of testing and developmbatyween November 2002 and April 2003,
identified 15 patient-safety incidents linked togary at the wrong site. Of these, the NPSA
reported, two led to the incorrect procedure.

HH is a public sector hospital in Birmingham — UKimplemented the Safe Surgery System
RFID wristband solution in its thoracic and ENT ginal departments (Bacheldor 2007). The
aim was to track surgical patients and procedureg were having done and to help improve
patient safety by ensuring that each patient resethe proper carélhe “Safe Surgery
System” software uses a series of so-called tréffids, which change from red to green as
pre-operative checks are performed. Once all pezadjve checks have been completed and
the patient is ready for surgery. When the patisngent to the surgical ward, an RFID
interrogator in the ward reads that person's waistbto retrieve the appropriate patient
record, including the planned procedure. In addjtibe Safe Surgery System records post-
operative procedures. Once the patient is discdartjee RFID-enabled wristband is

discarded.

2.3.1.3 Innsbruck University Hospital (IUH)

Wessel (2010)states that IUH in Innsbruck - Austrés installed two RFID-based alarm
systems to track workers at its facility who maydoafronted with aggressive patients. One
system is used by emergency department employeesdeal with potentially dangerous

situations, such as those involving drunken indiald who come to the hospital for care,
while the other is intended for attendants at thychiatric ward. Both deployments depend
on Wi-Fi-enabled battery-powered RFID tags and REbBware. A caregiver concerned for

his or her safety can press a button on the patm-aevice, and the system will locate that
worker within the building and notify colleaguesa@lcarrying the device to come to his or
her assistance. The employee knows the help sigaal sent upon hearing a beep. IUH
extended the systeta track psychiatric-ward patients to ensure thaytdo not leave secure

areas of the hospital or the surrounding campus.siistem will be able tdetect if a patient

is alone or accompanied by a staff member or visltyp finding another tag located near that
worn by the patient. If the patient is alone—thatif no other alarm devices are detected

nearby—the system alarm will sound if the pati@aves the perimeter of the secure area.
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2.3.1.4 Summary of Benefits and Risks of Using RFID

Based on the literature review, it is possibleummarize some of the benefits of using RFID

Systems in healthcare as follows:

Constant ability to track the location and progressdividual patient

Ability to monitor the location of doctors and nessin the hospital in order to ensure
optimal use of resources

Tracking the location of expensive and criticakinsents and equipment

Restrict access to controlled drugs of those ofcigbehazardous nature by

unauthorized staff

Monitor and track unauthorized personnel who showlidbe present around high-risk
areas

Facilitate triage processes by restricting accesauthorized staff and "approved"
patients during medical emergencies, epidemicsorist threats, and other times
when demands could threaten the hospital's aldigffectively deliver services

Use the patient's RFID tag to access patient irdtion for review and update

through a hand-held computer

In contrast to the above benefits, it would be uisef mention some of the risks associated
with the utilization of RFID. Van der Togt and adgues (2008) said RFID caused
interference with medical equipment in 34 of the 1@sts they performed. It would seem

that on the one hand, while the idea of RFID isinprove patient safety and hospital

efficiency, on the other hand, it could be undeingnboth. It was concluded that, in a

controlled nonclinical setting, RFID induced potelty hazardous incidents in medical

devices. Implementation of RFID in the critical e@nvironment should require on-site EMI

tests and updates of international standards.
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2.4 Failure Mode and Effects Analysis (FMEA)

Failure mode and effects analysis (FMEA) is a ptiwadool developed to identify, evaluate

and prevent product and/or process failures (Blodiz009)

The Department of Defense in the United Statesribest FMEA is a systematic way of
assuring that every conceivable potential faildra design/process has been considered with
the objective of minimizing the probability of fare (Anleitner 2010). Since then, FMEA
methodology became more wide spread and is novensixely, used in a variety of
industries including semiconductor processing, sfgaoe, food service, plastics, software,

and healthcare.

The United States armed forces formally introduE®4EA in the late 1940s for military
usage (Rausand 2005). Later on, the technique ppléed in aerospace development to
avoid costly errors. Subsequently the technique quaskly adopted widely by the industry.
Implementation of FMEA in healthcare is relativelgw according to Latino (2004) who
maintains thatmany healthcare risk managers first heard about ANihen the Joint
Commission on Accreditation of Healthcare Orgamirest (JCAHO) released its Leadership
Standards and Elements of Performance Guidelingslyn2002.
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Figure 2.2 below shows the author's representatibinow the FMEA process follows
cyclical format. This is a modified representatizsased on the original image proposed by
Leggett (2011). The components of the cycle arelagx@gd in details below. Detection
(Detect) of the fault represents the staring poinEMEA cycle. Naturally, the other stages
follow until the cycle is completed. It is thenpeated to study the impact of any actions

takes in reducing the original fault(s).

Action
+Check

FMEA

Probability Severity

Figure 2 FMEA Cycle (author’s representation)
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2.4.1 Procedure of Building a FMEA Cycle

Crow states that the presence of certain conditremsgd improve and speed up the process.
These conditions include:
- Description of the product/process and its function
- Clear understanding and articulation of the prodoct process under
consideration is important to have clearly artiteda
- Consider both intentional and unintentional usexesiproduct failure may

lead to injuries, losses or even litigation

1. Identify Failure Mode. A failure mode is defined the& manner in which a component,

subsystem, system, process, etc. could potentall{o meet the design intent

2. Describe the effects of those failure mode. Fohdaiture mode identified the designers

of the systems should determine what the ultimfiezewill be

3. Establish a numerical ranking for the severityhsd effect. A common industry standard
scale uses 1 to represent no effect and 10 toatedicery severe with failure affecting
system operation and safety without warning. Tiniabdes the engineer to prioritize the

failures and address the real big issues first

4. Identify the causes for each failure mode. A faloause is defined as a design weakness
that may result in a failure. The potential causaseach failure mode should be

identified and documented

5. Establish a probability factor. A numerical weigfould be assigned to each cause that
indicates how likely that cause is (probability thle cause occurring). A common

industry standard scale uses 1 to represent redy ldnd 10 to indicate inevitable

6. Identify Current Controls (design or process). €atrControls (design or process) are
the mechanisms that prevent the cause of the éailunde from occurring or which
detect the failure before it reaches the Custoribe engineer should now identify

testing, analysis, monitoring, and other technigtieed can or have been used on the
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10.

11.

same or similar products/processes to detect &slueach of these controls should be
assessed to determine how well it is expectedentity or detect failure modes. After a
new product or process has been in use previousietacted or unidentified failure
modes may appear. The FMEA should then be updaigglans made to address those

failures to eliminate them from the product/process

Determine the likelihood of Detection. Detectiorais assessment of the likelihood that
the Current Controls (design and process) will cetiee Cause of the Failure Mode or

the Failure Mode itself, thus preventing it fronaching the Customer.

Review Risk Priority Numbers (RPN). The Risk PiigrNumber is a mathematical
product of the numerical Severity, Probability, detection ratings:

RPN = (Severity) x (Probability) x (Detection)

There is no standard for the choice of scale rapKmt, generally, FMEA team prefers
ranking of 1 to 10,because it provides ease ofrpnétation, and, at the same time,
accuracy and precision (Stamatis, 1995) to praitiems than require additional quality

planning or action.

Determine Recommended Action(s) to address potdatlares that have a high RPN.
These actions could include specific inspectiostig or quality procedures; selection
of different components or materials; de-ratingniling environmental stresses or
operating range; redesign of the item to avoidféiilare mode; monitoring mechanisms;

performing preventative maintenance; and inclusibback-up systems or redundancy

Assign Responsibility and a Target Completion Dfte these actions. This makes
responsibility clear-cut and facilitates tracking

Indicate Actions Taken. After these actions havenb&ken, re-assess the severity,

probability and detection and review the revisedNRPAre any further actions required?
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12. Update the FMEA as the design or process chanpesagsessment changes or new

information becomes known.

Crow (2002) described building a FMEA cycle as keldrhe author found that, this
description is generally shared among various astmesearchers and manufacturers.
The author followed similar path when building EA sheet for this work.

Figure 3 below shows a graphical representatioa simple FMEA sheet. It highlights the
steps mentioned above. As mentioned above the rafatfmwved a similar process in building

the FMEA relevant to this work. There will someia#ions to reflect the healthcare nature of

this sheet.
Failure Mode and Effects Analysis (FMEA) Worksheet Page;l | of
System, Product, or Prm:ess:l owner:l Date:
Background Ratin, Countermeasure Results
B s|o|D R s5|o0|D R
Description | Potential Failure Mode Pmen:a‘:ﬁkﬂﬂf Root Causes E|C|E| P Owner |Due / Done Action E|C|E] P
et vicltf n vic|r|l w

Figure 3: Sample FMEA Sheet (Velaction 2009)
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2.4.2 Types of FMEA

Generally speaking, FMEA exists in two forms. Thare Designs and Process FMEA. Both
types are described briefly below. Both types of BE™Muse Severity, Occurrence and
Detection to produce a rating of risk, although tledinitions of the ranking scale for each
will be different depending on application, and @dobe tailored to the specific business

setting under investigation.

2.4.2.1 Design FMEA

McDermott et al (2009) stated that, Design FMEAKMEA) is used to analyze products
before they are released to manufacturing. It cansiall possible failures modes that might
occur within a product or artifact. This focuseshmw the product will behave during use by
its intended customer and seeks to identify desigficiencies that will result in safety

hazards, product malfunction or shortened prodtect |

D-FMEA will normally break the product into its cstituent parts, in order to consider what
function each will serve and what impact an indiidcomponent failing will have on the
system as a whole. This requires knowledge of digesy relationships among components,
both under normal operations and under externaugations (Pillay and Wang, 2002). A
product is normally represented schematically ddoak diagram or structural component

tree to aid this process.

The purpose of D-FMEA is to ensure that the systeeets the customer expectations and
performs to the design intent. With this goal imdchthe key outputs of a D-FMEA include
the identification of failure at the product devaoent phase, which in turn enables a priority
for design improvement actions to eliminate potdntiesign deficiencies and safety
concerns, and provides a documented rationale mgr recommended design changes.
Through the identification of critical and sign#iet product characteristic, the D-FMEA also
serves to inform about control requirements and pvdvide information for product design
verification and testing. The design team or engiseusually, assume the responsibility for
D-FMEA at the stage of the product’s life.
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Though the process of establishing Design and BsoEMEA might be separate activities,
the outcomes are intrinsically related. Stamat30®) states that it is preferred that a D-
FMEA should be performed before P-FMEA, and thatdksign information should be made
available in order to aid the progress of the PssdeMEA. Conceptually this is appropriate
as FMEA serves to map the causal chain from endrigdg back to the root cause (i.e. the
initiating cause of a causal chain) during the nfacturing or assembly process. It is fairly
common to find that the causes identified in thasij@ FMEA represent the Failure Mode in
the Process FMEA.

2.4.2.2 Process FMEA

Process FMEA (P-FMEA) analyses manufacturing arskrably deficiencies and allows
consideration of how the process could fail to eetian intended design. Consequently, how
such failure might affect the customers of thatcpss. Such customers can be both external
customers (end user) and internal customers (tkiepnecess or team). The process attributes
of manpower, equipment, material, methods, andrenmient represent the major sources of
potential failure modes, and addressing these sawgkform the basis for reducing risk.
Each of these attributes has its own componentishwhay react individually, in tandem, or
as an interaction to create a failure. Becausaisfdomplexity, completing a Process FMEA
is considered more complicated and time consunfiag &« design FMEA (Stamatis, 2003).
Process FMEA serves to identify process deficienaidfers a prioritized corrective action
plan, and documents the rationale for process d@san{l also identifies critical and
significant process and product characteristicdkema the development of control plans,
which outline the measures in place to ensure geocentrol and product quality assurance.
Responsibility for the Process FMEA should norm#dlly to the engineer or team who has
(technical) authority. This might include the maattiring, industrial or technical process
engineer associated with the manufacturing or alslsepnocess.
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2.4.3 Implementations of FMEA

The author identified a number of FMEA implemerdas in the industrial sector. These
have been chosen as a representative list rathilly anclusive one as FMEA process is far

reaching and is used in almost in aspects of indliskesigns.

2.4.3.1 FMEA Implementation in the Food Industry

Scipioni (2002) describes how one food company cElBpA usedFMEA methodology
design and implementation as a tool to assure ptedyuality, and as a mean to improve
operational performance of the production cycleodsani states that the FMEA team
members focused on the study of wafer biscuit pebdn lines. Such work permitted the
company to increase knowledge and control capamityprocesses and products. The
generated data can be used as a useful techntehlede for future update of FMEA in Elled
SpA and as a model of FMEA design for similar compdn a similar fashion described
above, Scopioni summarizes the application of FM&A production cycle: analysis of the
process or product in every single part, list @nitffied potential failures, evaluation of their
frequency, severity(in terms of effects of thedesl to the process and to the surroundings)
and detection technique, global evaluation of ttablem and identification of the corrective

actions and control plans that could eliminateeaiuce the chance of the potential failures.

Scopioni concluded, “This task cannot be achievedaon individual basis because
FMEA is a team function”. In the analyzed case,RMEA team included some members of
the internal staff knowledgeable and experienceth@éproduct or process. They were the
Production Manager, the Quality Assurance Manadlke, Mechanical Manager, the
Maintenance Operators and the Group Leads, andki@nnal member, the FMEA expert,
with the task of coordinate team activities basedhe implementation of FMEA theory and

the data collected during the work.
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2.4.3.2 FMEA Implementation in Medical Device Techalogy

Wetterneck et al (2006) described how “The Hospitl Mid-Western, tertiary care,
academic medical center, had previously implemendédtic dispensing and point-of-care

bar-coded medication administration system to im@ribhe medication-use process.

A multidisciplinary team conducted a FMEA procesgtiide the implementation of a smart
Intravenous (IV) pump that was designed to prewendrs that could be committed during
programming of the pump. The smart IV pump was goed with a dose-error reduction
system that included a pre-defined drug librarywinich dosage limits were set for each
medication. Monitoring for potential failures andrags occurred for three months post
implementation of FMEA. Specific measures were usedletermine the success of the
actions that were implemented as a result of th&/&kMIrhe FMEA process at the hospital
identified key failure modes in the medication mse with the use of the old and new
pumps, and actions were taken to avoid errors a@wdrae events. IV pump software and
hardware design changes were also recommended-NIE& team identified 13 of the 18

failure modes that were reported in practice afiteamp implementation. A beneficial

outcome of FMEA was the development of a multigiBoary team that provided the

infrastructure for safe technology implementatiard aeffective event investigation after
implementation. With the continual updating of \mpp software and hardware after
implementation, FMEA can be an important startihgce for safe technology choice and
implementation. Wetterneck concluded that, FMEA weful in identifying potential

problems in the medication-use process with thelempntation of new smart IV pumps.

Monitoring for system failures and errors after lerpentation remains necessary.
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2.4.3.3 FMEA: Methodology, Design and Implementatio in a Foundry

Kumar et al. (2011) described how FMEA was used dsol to assure products
guality and as a mean to improve operational peréomrce of the process. The work was
developed in an Indian foundry Ghatge — Patil indes. The foundry produces ductile iron
castings such as car brake drums, transmissios,cagéender heads and flywheel housing.
Internal staff members were chosen as FMEA teamlmesn They were asked to focus on

the study of core manufacturing process.

Kumar et al. described, the by now familiar stepaf applying FMEA to a process
means following a series of successive steps: sisaty the process in every single part, list
of identified potential failures, evaluation of therequency, severity and detection
technique, global evaluation of problem, and idamatiion of the corrective actions that
could eliminate or reduce the chance of potentmlufes. The design and subsequent
implementation of FMEA in this foundry has permitté to detect which were the most
probable and serious problems or causes in the roaleng process responsible for core
rejection. The methodology operated by the FMEAnedlowed the foundry to study and
analyze every single step of core making procesistarachieve an exhaustive knowledge
and improvement of product and process and sulptaoist savings can be realized. The
improvements obtained by the implementation ofrimmmended actions thus reduce the
individual RPN and the global risk level of the pess. Thus reduces costly liability of the
core making process that was not performing as igen FMEA, in this case, aided to
improve and plan preventive and schedule maintenahd¢he process equipment. Thus, it
improved operational performance of the core makiragess. The criteria used to evaluate
these problems or causes are the amount of damaagecdto the production in terms of core

rejection or lost production volume and subsequamtitory loss.
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2.5 Approaches to ED Overcrowding

As discussed above, ED overcrowding is a probleahdiosses geographical boundaries and
is common to ED departments irrespective of thegrde of development. The following is
review of the different approaches followed by was healthcare systems. Those were
chosen as representative of their geographic, esmnand political characteristics, the

review encompasses of the majority of approacheptad globally.

2.5.1 Resource Utilization and Triage

Triage is defined here as the process of cataggrigD patients according to their
need for medical care, irrespective of their omfearrival or other factors including sex, age,
socioeconomic status, insurance status, residestsls, nationality, race, ethnicity or

religion.

Nour EI Din (2006) conducted a study of ED utilinat and its impact on hospital
running cost and the flow of patients throughow #ystem. Based on the results of this
study, he recommended to get the approval of tlspited administration on the reported bed
complement and to use this bed complement conslistEm reporting hospital utilization
statistics. Also, he recommended the implementaifaam number of mechanisms to improve
occupancy rates and reduce their fluctuations,asibein male units, therefore reducing the
overall hospital costs. These measures includdifgiery units that should be downsized or
aggregated to achieve consistent optimal occupaai®s and developing optimal patient

placement rules across the reorganized units.

Rehmani et al (2007) studied the utilization ofemmergency department of a hospital
in the eastern region of Saudi Arabia for a peabthree years in an effort to identify factors
leading to overcrowding and ways of dealing witlerth They concluded that emergency
department utilization increased during the studyiqu, with almost no change in the
proportions for triage category. The number of gras requiring hospital admission
increased, as did the length of their stay. Ne@@%o of emergency visits are for Canadian
Triage and Acuity Scale(CTAS) categories IV andave; where in category IV patients need
to be seen by a physician within 60 minutes 85%eftime and in category V patients need
to be seen by a physician within 120 minutes 80f%he time. There were a significant
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number of patients with multiple visits to ED. Thegcommend the strengthening of the
primary health care in that institution and a deatgd “Fast Track” in ED for the

expeditious management of low acuity patients.

Elkum et al (2009) set out to investigate the wagitiime for patients before seeing a
physician in the emergency department of a tertcang hospital in Riyadh, Saudi Arabia.
They analyzed routinely collected data from 218Tigpés to determine the association
between selected patient characteristics and wgatitime. They found that the median waiting
time between triage and being seen by a physican38.0 min (rangel.0-325.0 min). Age,
day of arrival, times of arrival and triage catggaere significantly associated with waiting
time. Interestingly, older patients and those amgvon Sundays and Wednesdays waited
longer. Variability in waiting times could be addsed by more standardized triage policies,
but may also be influenced by other clinical or {atinical factors that require further

investigation.

Qureshi (2010) attempted to identify other aspettthe daily workflow in ED that
could reduce overcrowding. He describes ED is dritheomost important components of the
health delivery system. The review evaluates soibeointernational literature on triage in
order to provide evidence-based data for the medaramunity in Saudi Arabia specifically
and the Eastern Mediterranean region generallyagérinvolves an assessment to prioritize
ED patients in need of immediate care, in accoréavith clinical severity and time urgency,
compared with patients with less urgent illnesske wan wait longer to be seen or who need
referral to a more appropriate health care settipigreshi concluded that Triage, applied
strictly using standard principles in EDs, psyadticasettings and health disaster situations,
remains a complex issue. Primary and secondaridasi by triage nurses and physicians
and related health outcomes are influenced by i@tyaof internal factors related to triage

personnel and external factors related to the dipea mechanisms of the ED.
Triage nurses use a constellation of factors toentakge decisions and initiate emergency

care, including personal capacity, experience, itioly pre-hospital information and

communication with colleagues.
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In Saudi Arabia, nurses mostly have no involvemertriage decision-making. Yet
the time has now come for health policy-makersftect seriously on the phased application
of a nurse triage system across EDs in all healtfings. The issue of frequent ED visits by
patients might be solved ,and patients’ satisfactmoproved, by managing patient waiting
times better and briefing patients at presentatind at discharge. Qureshi suggested that
auditing triage decisions and consequent healtboowgs is a useful activity as it addresses
an important quality indicator of healthcare in BBttings. The United Kingdom is a
representative of ED overcrowding in Europe andwlag it is dealt with. The author is
aware that variations exist among the differentopaan nations. However, the U.K was

chosen as a model that is most likely to be infliaén

Proudlove et al. (2003) looked at issue of solviBB overcrowding from a
management point of view, bed management (BM) ithathey attributed long ED waiting
times largely to the lack of a“ buffer” of emptypatient beds, which could absorb the
backlog of decisions to admit, particularly ovehtignd at weekends. Such backlogs cannot
start to be cleared until general hospital activdagume again in themorning.BM should be
seen as part of operational capacity managemernhanaharrow sense of bed finding. It plays
a key part in establishing and maintaining a stotckmpty beds. Contributions to demand
management include promoting the appropriate udeeds, gate-keeping General Practice
(GP) urgent referrals, influencing the volume, tigniand placement of electives to match
expected capacity (that is, discharges, emergerangsopening/closing beds). The outcome
of the study was that supply management measucisgdal establishing and maintaining a
discharge focus. It was observed that operatioaglacity management is very poorly
developed in most acute hospitals and faces margrncaltural and political barriers,
particularly in relation to the interaction betwete surgical and medical side. However, and
despite this there is great potential though to entovanticipatory and coordinated planning,
and current initiatives may hold the key to achigvithe reduced levels of occupancy
necessary for the efficiency gains required to Enale hospital system to be meet the

responsiveness demanded of it in the healthcatemya the UK.

In a similar theme to that of Qureshi (2010) Temtsal. (2004) looked at how a
consultant led triage could help making an impacE® overcrowding. The consultant and a
senior ED nurse, known as the IMPACT team, statffiedtriage area for four periods of four
hours per week, for three months between Decembéi and February 2002. Patients
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normally triaged by a nurse in this area insteadl dva early consultation with the IMPACT
team. Data were collected on all patients seeh®&)yNIPACT team. The number of patients
waiting to be seen (for triage with major and mirlmesses) was assessed every two hours
during the IMPACT sessions and at correspondingesinvhen no IMPACT team was
operational. The study concluded that by using mioseclinical team for initial patient
consultation, the numbers of patients waiting tethmatically throughout the ED. Many
patients can be effectively treated and dischaadied initial consult by the IMPACT team.
Patient flow modeling is another area of focus thas been looked into as a means of

managing the length of stay in ED and across anedmtalthcare system.

Marshall et al. (2005) studied that latest trenealidg with patient flow through the
healthcare system by modeling and simulations. Thelieve that the future of modeling
patient activity in healthcare can be built on $shiecesses of current models and the currently
evolving hybrid approaches. One view is to consitier modeling techniques as forming a
toolbox of data mining, data analysis, and openafiaesearch and artificial intelligence
methods. This toolbox would facilitate preliminagyata preparation and initial statistical
analysis with advanced methods for modeling headtie resources and inference techniques
for providing further predictions. The reported quexities of health care systems coupled
with the availability of vast amounts of healthateld data necessitate the inter-disciplinary

collaboration of research in this area.

Cooke et al. (2004) prepared a report to the Nati@oordinating Centre for NHS
Service Delivery and Organizational Research ange@@ment (NCCSDO) in which they
systematically reviewed present innovations in oguy attendances and waits in ED in the
UK. The report was extremely detailed and looked wrast sums of data, most of which are
beyond the scope of this work. However, the autttoyse the following conclusions as

points of interest.

» It is possible to divert some emergency 999 calladvice lines (the safety of such

systems is still being evaluated)

 The role of paramedics in either discharging pasignom scene or deciding on
appropriate destinations has not been adequatetiest to confirm its safety and

effectiveness in the UK
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* Primary care gate keeping can reduce emergencytdepd attendance but its safety
is unknown. Walk-in centers and NHS Direct (naticiedephone helpline) have not

been demonstrated to reduce attendances at EDs

* Fast track systems for minor injuries or illnesseduce waits, ideal configurations

should include senior staff

* Attendance by the elderly, those with chronic diseand those with multiple
attendances may be reduced by various interventtoats are needed in this area,

including the role of social workers

» Patient education is unproven in most areas exatephnic disease management

The above recommendations show that approachinigshe of ED overcrowding should be
multifaceted and must take into account the compéasons leading to it. Consequently,
solving the problem of ED overcrowding should bdtifactorial and must combine all tools

and methods. It is clear that, there is no onetisolihat solves all.
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2.5.2Early Warning and Forecasting

Hoot (2006) discusses establishing an early warsysgjem as a way of preventing
ED overcrowding and avoid reaching a crisis pointrisis period of ED overcrowding has
been defined as a period when ambulances are @liverinearby hospitals. Hoot describes an
early warning system as one that must incorporatedomponents: a clear definition of a
crisis period (as above) and means of predictirsgsr
To assess the utility of the early warning systaropst function must be associated with the
alarms generated. This will depend on how the tutgtn responds to alarms. It must take
into account the costs incurred by calling in resestaff or opening additional treatment
bays, and it must consider the benefit achievethitaining efficient operations in the ED.
This benefit may take the form of increased revefmmehe hospital or intangible societal
benefits arising from improved access to emergaacg. The intervention policy and cost
function must be developed jointly with ED admirnasors. These elements are necessary to
determine the optimal operating point of the system that the expected utility will be

maximized.

Further work by Hoot et al. (2009) attempted toedep a tool that helps forecasting
ED overcrowding. The result was called Forecast Bi2 following variables were recorded
for each patient visit to estimate parametersdod to generate forecasts by, the Forecast ED
tool: (1) time of initial registration at the ELZ)(time placed into an ED treatment bed, (3)
time of hospital bed request, if applicable, (4hdiof discharge from the ED facility, (5)
triage category assigned to the patient, (6) whedttepatient left without being seen, and (7)
whether the patient was admitted to the hospitathBnstitution collected these data from
ED patient-tracking information systems. It wascassfully used for five different sites. Its
forecasts were more reliable, better calibrated, ranre accurate at 2 hours than at 8 hours.
The reliability and calibration of the tool wererglar between the original development site
and external sites; the boarding count was an éxcepvhich was less reliable at 4 of 5
sites. The Forecast ED tool generated potentialful forecasts of input and throughput

measures of ED crowding at 5 external sites, witlnoadifying the underlying assumptions.
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As mentioned earlier in this work, ED overcrowdisgould not be looked at in
isolation from the rest of the hospital. Schulbet(2001) conducted a longitudinal study of
the impact of hospital restructuring on EDs. Thalgtincorporated 20 hospitals and lasted
for 10 years. It showed that hospital restructurimght worsen ED overcrowding. While the
total number of patients visits remained fairlyashg over the study interval, five EDs out of
20 (25%) closed following restructuring. This comgsawith an 8% reduction in the number
of EDs in the United States over five years from4.% 1999. These five EDs treated 15%
of all Toronto ED patients in the last year thatythvere open. In addition, the rate at which
EDs closed may have exacerbated overcrowding: itee three EDs were closed within
seven months of each other, and the other twoveltbwithin the next two and a half years.
The rapid pace of closures may not have allowedeh®ining EDs to expand services or
improve efficiency rapidly enough. Thus, it is cluted that rapid restructuring of hospitals
may seem to be cost-effective; it tends to leadraeeiding of EDs as a way of

compensation for lost services elsewhere in theesys

In statement of its position on ED overcrowdingughal of Emergency Nursing
2006), the Emergency Nurses Association (ENA) ef WSA identified a number of reasons
for the problem such as: Crowding is a systemseisisat results from increased input as well
as inefficient patient flow throughout the hospitaitiatives to reduce and eliminate factors
that contribute to crowding must have a broad faoud should address both operational and
policy issues on a systems level. Institutionaldérg, including nurses, physicians, and
administrators, must be committed and involved mplementing patient flow and other
initiatives to improve hospital and ED capacityan effort to eliminate ED crowding and
ensure safe, quality patient care. The ED must weitk and receive support from all
components of the health care system to improveetfieient disposition of emergency
patients. Emergency department crowding is a halspide problem caused by factors that
extend far beyond the institution itself. The EN@ncludes that when ED crowding occurs,
the number of patients in need of care outweiglesawailability of resources, potentially
resulting in diminished quality and safety of patiecare and increased stress and
dissatisfaction of staff. Efforts to examine issoésput, throughput, and output in order to
optimize patient flow throughout the hospital systare vital for addressing factors that lead
to ED crowding. Therefore, it is imperative thastitutions identify and implement best

practices for addressing hospital and ED crowdim@ systems level.
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The design of the FMEA sheet used in this work tod& account the nature of the
work iself, which is related to healthcare servitieat are reliant on technology, namely
RFID. Potential failure modes have been identifiesl a result of field observations,
discussions that took place with medical and tesdirstaff at RMH and project supervisors,
and the as a result of reviewing RFID systems whikparing the literature review. Data
was then gathered from the field by the author wisited the MoH ED and observed
utilization of RFID in practice. Based on those @tations, the literature review of FMEA
and RFID as discussed in chapter two, and congideraf various designs of FMEA that
have been considered, the final choice of the FME@&et design was made as shown below
in Figure 4. The design of the FMEA sheet for thark shares its main features with similar
sheets that have been studied by the author, apliesgo the identification of potential
failures in systems that blend technology and huraetions such as ED and common

problem of overcrowding.
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Chapter Il
Research Methodology
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3.1 Introduction

In this chapter the author intends to introducediagign of the research methodology.
Based on the nature of the problem being lookeal @rtnergency department overcrowding,
gualitative research has been adopted as a frarkeWoe nature of such framework and the
reasons for adopting it are detailed below. A nundfeelements have been chosen and built
into the framework. These include: surveys, inmd (face-to-face and remote) and visits to
the site where an RFID system has been implemeantddutilized for over a period of 18
months as discussed in Chapter 1. RFID represkatsdlution being studied as one of the
methods in dealing with ED overcrowding. FMEA hagib chosen as a method for exploring
potential weaknesses and gaps in RFID in health&yats nature, application of FMEA
allows for anticipating failures and preparing smos for them. As mentioned elsewhere,
the combination of RFID and FMEA in this way maywdeto a more robust application of

RFID in ED overcrowding.

It is appropriate, at this juncture, to remind teader of the research questions that have been

discussed in Chapter 1:

1. Has RFID, as a solution to ED Overcrowding, beeterged extensively? If so, what
has such review revealed in terms of anticipatetieentual realized benefits?

2. What are the risks and disadvantages (technologicdl administrative) associated
with the deployment of RFID in healthcare?

3. Failure Mode and effect analysis (FMEA) has thditgbio help identify potential
risks and failures and their severity within a syst How can FMEA help in
identifying potential risks and failures associateth RFID when used in healthcare?

4. Assuming FMEA as a risk assessment has the pdtemsaccessfully identify RFID-
associated risks and failures and help developtisnok) what could be done to

improve such potential even further?
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3.2 Qualitative and Exploratory Research

Qualitative research is an unstructured researdhadelogy based on small samples
that provides insights and understanding of thélpra setting (Dung 2006).

Another definition of qualitative research is titais a method of inquiry employed in
many different academic disciplines, traditionattythe social sciences, but also in market
research and further contexts (Denzin 2005). Catalé research often categorizes data into
patterns as the primary basis for organizing ammbnteng results. Qualitative researchers
typically rely on the following methods for gathagi information: Participant Observation,
Non-participant Observation, Field Notes, Reflexdaurnals, Structured Interview, Semi-
structured Interview, Unstructured Interview, anaadysis of documents and materials
(Marshall 1998).

The Office of National Statistics in the United iadom states that, qualitative methods play
an important part in developing, maintaining angbiaving survey quality by assessing vital
issues that field pre-tests and pilot surveys alarenot address (Wilmot et al. 2005). They
are better able to identify the problems experidnog respondents in answering questions
because they place a more systematic and in-dguitlight on each question and its
administration, as well as routing and instruction&ilmot et al. state that the benefits of
gualitative pre-field testing include:

* Improvement of reliability of responses

* Improvement validity of responses

* Reducing non-response (both unit and item)

* Reducing processing error and need for imputation

* Improving cost efficiency

Qualitative research provides an understandingoof or why things are as they are. Here
the discussion between the interviewer (or moderatmd the respondent is largely
determined by the respondent’s own thoughts anthége The interview tends to be longer

than a quantitative interview and fewer interviems conducted (Confianzys 2011).
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Qualitative research is designed to reveal a taagdience’s range of behavior and
the perceptions that drive it with reference toc#petopics or issues. It is agreed that the
results of qualitative research are descriptiveheratthan predictive (Guidry 2006).
Exploratory research is a form of qualitative reskalt is often used to look into a problem
that has not been clearly defined and helps deterthie best research design, data collection
method and selection of subjects (Schutt 2006)0,According to Schutt, exploratory
research often relies on secondary research sudviasving available literature and/or data,
or qualitative approaches such as informal disoassiwith consumers, employees,
management and more formal approaches through pitnrdmterviews, focus groups,
projective methods, case studies or pilot studiée. results of exploratory research are not
usually useful alone for decision-making, but tleay provide significant insight into a given
situation. Although the results of qualitative @ can give some indication as to the
"why", "how" and "when" something occurs. Schu#tes that, exploratory research has the
goal of formulating problems more precisely, chdrify concepts, gathering explanations,
gaining insight, eliminating impractical ideas, afatming hypotheses. Schutt adds that,
exploratory research can be performed using aatiltee search, surveying certain people
about their experiences, focus groups, and caskestuExploratory research may develop
hypotheses, but it does not seek to test them.oExqolry research is characterized by its

flexibility.

Given the properties of the qualitative and explmmaresearch, it is clear that they
would represent an ideal platform onto which théhaucan build this research work. To
explain further, qualitative research would endailelying the experience of the emergency
department at the Riyadh military hospital with RF&nd its ability to help deal with
overcrowding at the department. Qualitative andedixesearch can be conducted via the
utilization of a number of tools. These includervays, interviews or observations. Since
gualitative research is flexible as indicated ahawee can opt to use any combination of
these tools as appropriate in order to researchubstion at hand.

The author used such flexibility and elected to bora a number of effective

research tools as discussed below.
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3.3 Qualitative Surveys

Qualitative surveys are used to gather facts apeaople’s beliefs and experiences in
certain jobs, about a being service offered or attner activities. The design of the survey
should allow participants the freedom to expressrthiews in response to the questions
asked without any influence or clues from the wmiewer (Robson 2002). The questions are
usually open ended. This allows the respondentsite either positive or negative responses
based on the type of questions. The data gathertusi way is helpful if the researchers seek
to understand how people feel about certain isdoegxample: experiences in using certain
products, getting services offered by practicespltals, and restaurants. Responses from the
participants could influence the services provitteadapt different strategies in designing
certain products to suit the needs of users onvexse Qualitative surveys are flexible and
could be worded in different ways to allow partanps to give responses in their own words

compared to a “yes or no.”

The author chose and designed a survey to helpnderatanding how RFID is
perceived by its users as a method to reduce ERcmweding. A total number of 100
potential participants have been identified witle tmelp of the director of the ED at the
Riyadh military hospital. They gave their explicdansent to participate in the survey. Given
the number of participants and the logistics anstcmvolved in disseminating the surveys
to them, the author made use of the knowledge Wwihke the available online services that
will facilitate contacting the participants, alldlvem to anonymously respond to the survey
and keep track of the percentage of participathaiditionally, these services offer real-time
continuous analysis of the responses as they drriigcreenshots of the online survey are

provided in the Appendix.
The participants have been identified through atnatisthe spectrum of workers at the ED

department at the Riyadh military hospital. Thesd#ude management staff, technical staff,

nurses and physicians who work in ED.
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3.3.1 Online Qualitative Survey

The author chose to use an online secure and witkelgl service to gather data from
the participants in this research work. This is daethe fact that, at the time of data
gathering, the author resided in the United Kingdehile the participants worked in the
MoH ED in Saudi Arabia. This geographic distancel &éme busy medium in which the
participants worked made using online data gatgdrmesaving and more convenient for all
stakeholders. The online qualitative surveys setmexplore the experience of the staff with
the ED overcrowding, its impact on healthcare sewviand the use of RFID system as they

experienced it at various levels according to thark assignment.

The author approached the design of the survetilizing an online service (Survey
Monkey) . It affords a flexible design for almostygpurpose and a good number of forms for
collection of data. This includes pre-defined gioest that the author adapted to the research
topic, one of multiple choices, free text answara @ombination of those possibilities. The
design of the survey is minimalist to avoid anytrdistions or confusion. A number of screen
shots have been captured and presented in the dippsaction of this work. Respondents
were presented with a total of 29 statements wihnakie been divided in the these areas:

- Causes of ED Overcrowding

- Effects of ED Overcrowding

- Management of ED Overcrowding

- Applied and implemented solutions to ED overcrowdin

- RFID as a solution to easing overcrowding

Participants were asked to give their points ofwgiehrough pre-defined options for each of
these statements. Table 1 shows areas discussee ad the breakdown on the statements
as put to the participants.
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Table (1): Survey Statements

Causes of ED Overcrowding

1. | believe overcrowding is caused by inapproprias#ssmade by patients who do not require
emergency care

2. | believe ED overcrowding is caused by lack of ayppiate number and skills level of staffing in the
department

3. I believe ED overcrowding is caused by Access Bi@IR patients needing admission, cannot be
admitted due to lack beds in the department ofirtiin)

4. | believe ED overcrowding is caused by poorly desijfacilities and lack of space in the departm¢

5. | believe ED overcrowding is caused by overcompéidamanagement policies and care pathways

6. | believe ED overcrowding is caused by out-daténiadl patient tracking systems

Effects of ED Overcrowding on Patients

7. |believe ED overcrowding causes extended painsaifféring

8. | believe ED overcrowding is a risk for poor outcsn

9. | believe ED Overcrowding causes ACTUAL poor outeom

10. | believe ED overcrowding causes dangerous deldiggghosis and treatment
11. | believe ED Overcrowding causes significant pdtaissatisfaction

Management of ED Overcrowding

12. | believe ED overcrowding can be reduced whengked is viewed with the context of overall
pressure on the entire healthcare system

13. I believe ED overcrowding can be reduced by irgirgathe number and expertise of ED staff

14. |1 believe ED overcrowding can be reduced by bel#sign of the way patients flow through the
department (forms and paperwork)

15. | believe ED overcrowding can be reduced by edngatie public about the proper use of ED
resources
16. | believe ED overcrowding can be reduced by apglymplementing technological solutions

Applied and implemented solutions to ED overcrowdig

17. | believe ED overcrowding can be reduced by hagimgdicated bed-management team to tackle
issue of Access Block.

18. Consultant or Senior ED nurse lead triage could heking an impact on ED overcrowding

19. Diverting some of the emergency calls to advice liaks enabling Paramedics to assess and
discharge at the scene could help reduce ED visits

20. An early warning system that could alert to theadepment of overcrowding could help managem
prepare and apply resources to prevent overcrowding

21. | believe ED overcrowding can be solved by impletimentechnological innovations such as Radig
Frequency Identification of patients and assets

RFID Tagging as a potential solution in easing ED @ercrowding

22. | found the RFID system too complicated to use

23.The RFID system does not always function the iwvesysupposed to

24.The RFID system made our department less crowdadbefore we started using it
25.The RFID system should not be relied upon astiesolution to ED Overcrowding
26.The training | received on using the system agexjuate

27.The technical support | received/continue t@nrezwas adequate

28.The ED patients did not like wearing the RFIDsta

the

29.The RFID should be extended throughout the whospital system
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3.4 Interviews

The purpose of qualitative research interviewisinderstand something from
the subject’s point of view and to uncover the nieguof their experiences (Kvale
1996). Interviews allow people to convey to otherssituation from their own
perspective and in their own words. Kvale continaesl describes interviews as
conversations with structure and purpose. Suclctsirel and purpose are defined and
controlled by the research&emi structured interviews are conducted on thes lzdsa
loose structure consisting of open-ended questlmatsdefine the area to be explored, at
least initially, and from which the interviewer mterviewee may diverge in order to

pursue an idea in more detail (Britten 1995).

In a similar fashion, the author identified a numioé personnel at the ED
department at the Riyadh military hospital and padstheir consent to conduct semi-
structured interviews with them. These personnalewdhosen based on the fact that
they fulfill high-level management roles and ar@ally decision-makers. They have
been involved in the process of using the RFIDesysin the ED department from the
planning to the implementation phases. The outcaheuch interviews will be
analyzed in a similar fashion to that of the qadiNe surveys while allowing for some
differences such as extended personal and profedsidews of interviewees. In a
similar fashion to the data collection from survapserviewees will remain anonymous
and their responses will be standardized. The toiaiber of interviewees is 10; they
include the head of the ED department. The naancde scope of the questions dealt
with during the interviews are similar to thosewhao participants when they respond
to the online survey. This makes standardizati@eeaand provides a contrast between

the details obtained from the survey and thosainétl from interviews.
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3.5 FMEA Sheet Design

As discussed above, the process of creating a FEMERe requires designing a
FMEA sheet. The author followed the principles e§igning a basic sheet as shown in
the literature review chapter. Given the naturéhed work which covers the process of
managing ED overcrowding; the author chose P-FME#ha basis for approaching the
design of the FMEA sheet. This is despite the that P-FMEA is complicated and
time consuming (Stamatis 2003). Such choice has besde, as P-FMEA is able to
simulate and accommodate complex processes likihbage and namely the all to

often fast moving, pressurized and work environnligatan ED.

The design took into account the nature of the wavkich is related to
healthcare services that are reliant on technologyely RFID. Potential failure modes
have been identified as a result of field obseoretj discussions that took place with
medical and technical staff at RMH and project suigers, and the as a result of
reviewing RFID systems while preparing the literatteview. Data was then gathered
from the field by the author who visited the MoH BDd observed utilization of RFID
in practice. Based on those observations, theatitee review of FMEA and RFID as
discussed in chapter two, and consideration obuardesigns of FMEA that have been
considered, the final choice of the FMEA sheetigltesvas made as shown below in
Figure 4. The design of the FMEA sheet for this kvehares its main features with
similar sheets that have been studied by the auéimar applies to the identification of
potential failures in systems that blend technolagg human actions such as ED and

common problem of overcrowding.

The main features of P-FMEA include: focus on tli¢eptial process-related
failures and their causes, the assumption thatdibggn is sound and that the
development of recommended actions is targetediratnating the root cause of the
potential failure. The sheet shows the potenti@pabilities of FMEA in detailing

components of processes.
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RMH ED RFID FMEA
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Figure 4: FMEA Sheet related to this work
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At this stage the work managed to describe FMEAnes®f its applications in the
medical and other fields. A FMEA sheet has beerabéished to which future

researchers who would follow up on this work coagly the survey data to it later.

3.6 Study subjects:

A sample of 100 subjects (ED clinicians, nursesapaedical staff and technical staff)
from the Military hospital had constituted as stsdjects of this survey.All these

subjects have participated in the online survey.

3.7 Pilot study:

A pilot study was carried out using 20% of the skengo as to observe the correctness
of the responses and test and retest correlatisrcalaulated to assess the initial

validity of an instrument.

3.8 Statistical methods:

Descriptive statistics (mean, standard deviatioth proportion) are used to summarize
each item of an instrument. Pearson chi-squaremastused to compare the difference
in the distribution between observed responsesapdcted responses for 29 items of 5
factors. Scale reliability was assessed using Gramb alpha statistic. Construct

validity of the instrument was assessed througlveagent and discriminate validity by

using correlation matrix. Principal component facoalysis with varimax rotation was

performed, to come up with the significant loadirmjseach factors of an instrument.

The cross loadings will be detected if any. A pueabf < 0.05 will be considered as

statistically significant. Bar diagrams was useghow the distribution of 5-point scale

responses of each of the items of the 5 factolsstatistical analysis will be carried out

using SPSS Pc+ version 19.0 statistical software.
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Chapter IV

Results
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4.1. Validity and Reliability of Questionnaire

The author achieved the validity and reliability thfe instrument of the research "The
Application of FMEA Risk Assessment technique inUSTimplementation in health care
improvement" by using Factor analysis and Crontselpha for the whole scale and each

dimension of the instrument.

The following flow chart explains the methods usedssess the validity and reliability of the

validation instrument:

Procedures
Validity & Reliability

A 4

Construct Validity
Factor Analysis

l

Reliability
(Cronbach’s alpha)

Figure 5: Flow chart validation
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4.1.1 Construct Validity of an Instrument (Confirmatory Factor analysis)

Construct validity refers to the degree to whicle items on an instrument relate to the
relevant theoretical construct. Construct validétya quantitative value rather than qualitative
distinction between valid and invalid. It refers tbe degree to which the intended
independent variable (construct) related to theymdependent variable (indicator variable).
When an indicator consists of multiple items, facamalysis will be used to determine

construct validity.

The correlation among the 29 items of an Instrunsfidwed highly statistical significant
correlation.

Table 2: KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. |.666

Bartlett's Test of Approx. Chi-Square 1002.590
Sphericity

df 406

Sig. .000

4.1.2 Kaiser-Meyer-Olkin (KMO) and Bartlett's Test

The KMO measures the sampling adequacy which sHmufgteater than 0.5 for a satisfactory
factor analysis to proceed. Looking at the abobéetéTable 2), the KMO measure is 0.666.
From the same table, we can see that the Bartlestsof sphericity is significant. That it's

associated probability is less than 0.05. In fadgg actually <0.0001. This indicates that the

correlation matrix is not an identity matrix.
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Table 3: Communalities of each of the items of Bt6is

Initial Extraction

Factor1(lteml) 1.000 532
Factorl(ltem2) 1.000 482
Factor1(ltem3) 1.000 452
Factorl(ltem4) 1.000 .615
Factorl(ltem5) 1.000 .693
Factor1(ltem6) 1.000 .632
Factor2(lteml) 1.000 .568
Factor2(ltem2) 1.000 591
Factor2(ltem3) 1.000 .599
Factor2(ltem4) 1.000 .645
Factor2(ltem5) 1.000 .588
Factor3(lteml) 1.000 533
Factor3(ltem2) 1.000 480
Factor3(item3) 1.000 .626
Factor3(ltem4) 1.000 A78
Factor3(ltem5) 1.000 407
Factor4(lteml) 1.000 512
Factor4(ltem2) 1.000 .563
Factor4(ltem3) 1.000 .583
Factor4(ltem4) 1.000 .196
Factor4(ltem5) 1.000 418
Factor5(ltem1) 1.000 .583
Factor5(item2) 1.000 498
Factor5(ltem3) 1.000 A47
Factor5(ltem4) 1.000 436
Factor5(ltem5) 1.000 .610
Factor5(item6) 1.000 489
Factor5(ltem7) 1.000 465
Factor5(ltem8) 1.000 516
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The above table (Table 3) of communalities shows hmch of the variance in the variables
has been accounted for by the extracted factonsinstance over 53.2% of the variance in
Item1 of Factorl (Reasons for ED overcoming) isoaated for while 61% of the variance in
Item5 of Factor5 (Radio frequency identificatiorH{R) tagging is accounted for.

Table.4: Total Variance of 5 Factors

Total Variance Explained
Initial Eigen values
Component % of
Total _ Cumulative%
variance

1 5.830 20.102 20.102

2 3.422 11.801 31.904

3 2.180 7.516 39.420

4 2.100 7.241 46.661

5 1.704 5.874 52.535

4.1.3 Total Variance Explained

The above table shows all the factors extractataen fthe analysis along with their
Eigen values, the percent of variance attributableach factor, and the cumulative variance
of the factors. Notice that the first factor acctsufor 20.102% of the variance, the second
11.801%, the third 7.516%, the fourth 7.241% ard3hfactor 5.874%.

4.1.4 Scree Plot

The scree plot is a graph of the Eigen values agaihthe factors. The graph is useful
for determining how many factors to retain. Thenpaf interest is where the curve starts to
flatten. It can be seen that the curve beginsatbeih between factors 6 and 7. Also note that

factor 7 has an Eigen value of less than 1, so brifctors have been retained.
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Scree Plot
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Figure.6: Scree plot for Factor extraction

75




4.1.5 Component (Factor) Matrix

The table below (Table 5) shows the loadings of 2Bevariables (items) on the 5 factors
extracted. The higher the absolute value of thditmp the more the factor contributes to the
variable. The loading indicates all the factorséawntributed to each of its items. But the
Factor 3 (Managing ED overcoming) Factor 4(Applead implemented solutions to ED
overcoming) and Factor 5 (Radio frequency iderdtfan (RFID) tagging) loadings were
overlapping each other. This is due to the constind meaning of some of the items under

these three factors.
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Table.5: Rotated Component Matrix

Component
1 2 4
Factor1(lteml) .066 | .408 .067 161 575
Factorl(ltem2) .006 | .021 402 -.436 .360
Factorl(ltem3) -.047 | .440 127 .018 489
Factorl(ltem4) .003 | -.026 .169 -.308 .700
Factorl(ltem5) .040 | .100 | -.032 .010 .825
Factor1(ltem6) .048 | .226 -.002 .003 761
Factor2(lteml) -102 | 594 | -.354 -.252 128
Factor2(ltem2) 104 | 752 -.058 .068 .081
Factor2(ltem3) 402 | 635 | -.142 .105 -.064
Factor2(ltem4) 189 | .692 223 .282 .031
Factor2(ltem5) -.052 | .736 -.144 .086 -.122
Factor3(lteml) 193 | 292 | -.039 .623 -.144
Factor3(ltem2) 399 | -.182 526 .026 -.099
Factor3(item3) .638 | .005 163 412 .149
Factor3(ltem4) 399 | .110 .200 499 -.132
Factor3(ltem5) 146 | .155 184 .569 -.060
Factor4(lteml) 559 | -.014( -.025 443 .048
Factor4(ltem2) .644 | -.027| -.038 .381 -.036
Factor4(ltem3) .612 | .082 071 361 -.257
Factor4(ltem4) .288 | .187 -.049 .268 .065
Factor4(ltemb5) 305 | .118 174 122 -.515
Factor5(ltem1) 114 | .166 .367 .070 .635
Factor5(item2) -.095 | .081 .626 191 .232
Factor5(ltem3) -.069 | -.074( -.067 .647 119
Factor5(ltem4) -.059 | .275 270 195 -.496
Factor5(ltem5) .018 | -.017 778 .050 -.050
Factor5(item6) .013 | -.315 .569 -.093 -.239
Factor5(ltem7) .047 | -.054( -.362 -.031 572
Factor5(ltem8) 107 | -.075 .686 -.085 -.146
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4.1.6 Reliability (Internal consistency) of an Instument:

Reliability refers to the ability of an instrumejguestionnaire) to consistently measure an
attribute and how well the items fit together cqutoally. One of commonly used

estimator of reliability is Internal consistencyiability.

The following tables provide the item analysis atle of the 5 factors of the instrument

and the analysis of whole instrument.

Table 6 Item statistics of FACTOR 1: Causes fords@rcrowding

Factor 1|Scale Mean Scale Variance Cronbach's Alpha
if tem Deleted if tem Deleted if tem Deleted

ltem

1 15.19 11.323 .693

2 16.02 12.337 .702

3 15.33 10.404 .602

4 15.57 8.855 .580

5 15.53 8.252 .535

6 15.63 8.639 541

The internal consistent reliability of 6 items ftactorl was assessed by calculating
cronbach’su. From the above table it can be observed that tredues was ranging from
0.535 to 0.702 for 6 items, where items 3, 4, 5 @ndhe values were lower than the
significant acceptable level of 0.70, whereas itdnasd 2 values were having significant
level of 0.70. But the average measure of cronlsachalue of all the 6 items under the
Factorl is 0.660, with its 95% confidence inteiad.539 to 0.759.

78



Table.7: Intra class Correlation Coefficient of feat

95% Confidence Interval

F Test with True Value O

Intra-class
Factor 1 Correlation |Lower BoungUpper BoundValue |dfl df2 Sig
Average Measurq.660 .539 759 2.945 89 445 .000

Table.8: Item statistics of FACTOR 2: Effect of EBercoming on patients

Factor 2

Scale Mean

if Item Deleted

Scale Variance

if ltem Deleted

Cronbach's Alpha

if Item Deleted

a b~ W N

[tem

14.06
14.64
14.61
14.61
14.17

6.368
5.468
5.521
5.701
5.758

778
.693
712
737
715

The internal consistent reliability of 5 items ftactor2 was assessed by calculating

cronbach’'sa. From the above table it can be observed thavahees were ranging from

0.693 to 0.778 for 5 items, where all the 5 itemeyevhaving significantly acceptable

level of 0.70. And the average measure of Cronlsackalue of all the 5 items under the
Factor2 is 0.770, with its 95% confidence intewiad.686 to 0.838.
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Table.9: Intra class Correlation Coefficient of fem2

Intra clas{9°% Confidence Interval |F Test with True Value 0
Factor 2 Correlation |Lower BoundUpper BoungValue |dfl df2 Sig
Average Measurq4.770 .686 .838 4.357 89 356 .000

Table.10 Item statistics of FACTOR 3: Managing B2r@oming

Factor 3

Scale Mean

if ltem Deleted

Scale Variance

if ltem Deleted

Cronbach's Alpha

if Item Deleted

[tem

a A W N

13.28
13.31
12.86
12.57
12.08

5.079
5.722
5.361
5.417
5.601

.637
677
571
.562
.567

The internal consistent reliability of 5 items ftactor3 was assessed by calculating

cronbach’sa. From the above table it can be observed thavélhees was ranging from

0.562 to 0.677 for 5 items, where values were having lower than significantly

acceptable level of 0.70. But the average meaduwmnbach’sy value of all the 5 items

Table.11 Intra class Correlation Coefficient of tea8

Intra clas{95% Confidence Interval |F Test with True Value 0
Factor 3 Correlation |Lower BoundUpper BoundValue |dfl df2 Sig
Average Measur4.655 .528 756 2.900 (89 356 .000

Under the Factor3 is 0.655, with its 95% confideimterval of 0.528 to 0.756.
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Table.12 Item statistics of FACTOR 4: Applied antplemented solutions to ED

overcrowding

Scale Variance

if tem Deleted

Cronbach's Alpha

if tem Deleted

Factor 4 |Scale Mean
if Item Deleted

ltem

1 13.24

2 13.36

3 13.30

4 13.09

5 12.34

4.973
4.614
4.752
5.543
6.453

.603
.581
.618
741
.705

The internal consistent reliability of 5 items ftactor4 was assessed by calculating

cronbach’sw. From the above table it can be observed that tredues was ranging from

0.581 to 0.741 for 5 items, where items 1,2 andaBies were lower than the significant

acceptable level of 0.70, whereas items 4 and Begalvere having significant level of

0.70. But the average measure of cronbachvalue of all the 5 items under the Factor4
is 0.704, with its 95% confidence interval of 0.565.791.

Table.13: Intra class Correlation Coefficient ottem 4

95% Confidence Interval

F Test with True Value 0

Intraclass
Factor 4 Correlation |Lower BoundqUpper BoundValue  [dfl df2 Sig
Average Measures|.704 .595 791 3.381 |89 356 .000
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Table.14: Item Statistics of FACTOR 5: Radio Frameidentification (RFID) tagging

Factor 5(Scale Mean |[Scale VariancdCronbach's Alpha|
if tem Deleted|if Item Deleted|if Item Deleted

ltem

1 19.98 7.797 418

2 19.79 7.090 337

3 18.51 8.859 480

4 18.98 8.584 489

5 19.44 6.564 .303

6 19.56 7.665 .393

7 18.84 10.133 .585

8 20.14 7.833 372

The internal consistent reliability of 8 items ftactor5 was assessed by calculating
cronbach’sa. From the above table it can be observed thavdéhees were ranging from
0.303 to 0.585 for 8 items, where values were laivan the significant acceptable level
of 0.70. But the average measure of cronbaahismlue of all the 6 items under the
Factor5 is 0.466, with its 95% confidence interi@ad.282 to 0.618.

Table.15: Intra class Correlation Coefficient

Factor 5 Intraclass 95% Confidence Interval |F Test with True Value O
Correlation |Lower BoundUpper BoungValue |dfl df2 Sig
Average Measur1.466 .282 .618 1.873 89 623 .000
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Table.16: Reliability of Whole Instrument ( Itenagstics)

Scale Mean

if tem Deleted

Scale Variance

if Item Deleted

Cronbach's Alpha

if Item Deleted

Factor 1

ga b~ W DN

Factor 2

1
2
3
4
5

Factor 3

5
Factor 4

1

87.74
88.58
87.89
88.12
88.09
88.19

87.24
87.83
87.80
87.80
87.36

88.47
88.50

88.04

87.76

87.27

88.12

88.23

88.18

87.97

93.361
99.662
90.841
90.378
86.419
86.919

99.715
93.511
91.038
89.937
95.917

90.387
92.680

89.886

91.602

93.906

91.637

90.675

89.586

92.976
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.802
.813
791
797
787
.786

.813
.798
792
.790
.804

.795
.799

.789

.793

.798

.793

792

.790

.800




Factor 5

87.22

89.01

88.82

87.54

88.01

88.48

88.59

87.88

89.18

96.130

94.079

95.361

97.195

95.831

94.387

98.739

100.491

96.485

.801

.801

.804

.807

.806

.804

.812

.816

.804

The internal consistent reliability of 29 itemsaif the 5 factors was assessed by calcul:

cronbach’su. From the above table it can be observed thatdhees were ranging from 0.7

to 0.816 which were more thathe significant level of 0.70. But the averageamge o
cronbach’so value of all the 29 items is 0.805, with its 95%nfidence interval of 0.742

0.859.

Table.17: Intra class Correlation Coefficient df eiéms

95% Confidence Interval

F Test with True Value 0

Intraclass Upper
Correlation |Lower Bound |Bound [Value dfl df2 |Sig
Average Measurel.805 742 .859 5.128 89 24921.000
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4.2 Data Analysis of Responses

The data of 90 (out of 100) study subjects who wesgponded using an on online

accessible survey and unstructured interviews watyzed. The online data gathering

and survey system assigns a unique identificationber to each participant and personal

computer so that it insures one response by one As®, the author has been able to

assign a number of automatic rules that contrad dathering, collating similar data and

obtain basic statistical data in raw format.

The survey covered 29 items; these were groupedrdive main headings including:

Causes of ED overcrowding

Effects of overcrowding on ED patients

Management of ED overcrowding

Applied and implemented solutions to ED overcrowdin

RFID as a potential solution for ED overcrowding

The responses were on a 5-point scale.
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4.2.1 Causes of ED Overcrowding

Analysis of the six items covered under this hegdimows that, the first reason of
ED crowding (I believe that overcrowding is caud®d inappropriate visits made by
patients who do not require emergency care) haddisteibution of responses, where
33.3% of study subjects had responded as “possiBBf%6 as “one of the reasons” 17.8%
as definitely and 18.9% as not sure. The distrdvutof these responses was not
statistically significantly different (X= 6.62, p = 0.085). The second reason of ED
overcrowding (I believe ED crowding is caused bgklaf appropriate number of skills
level of staffing in the department) responses tofdy subjects were, 10% as “not
correct”, 26.7% as “not sure”, 53.3% as “possikaytd 10% as “one of the reasons”, and
there is highly statistically significant differemin the distribution of these response$ (X
=45.2, p <0.0001). The third reason of factor EBwing (I believe ED overcrowding is
caused by Access Block (ED patients needing adomssiannot be admitted due to lack
beds in the department of destination) responses distributed as 14.4% “not sure”,
45.6% “possibly”, 33.3% “one of reasons” and 6.7%irdtely. There is statistically
significant difference in the distribution of respes(X = 38.822, p <0.0001). Similarly,
the distribution of responses for the fourth readdoelieve ED overcrowding is caused
by poorly designed facilities and lack of spacethe department), the fifth reason (I
believe ED overcrowding is caused by overcomplatateanagement policies and care
pathways) and the sixth reason (I believe ED cragds caused by outdated clinical
patient tracking systems) were statistically siigaifit different (¥ = 33.11, p <0.0001;
X? = 17.22, p =0.002; and®>¢= 24.33, p <0.0001). For reason four, 41.1% ofistu
subjects had responded as “one of the reasonsfe&son five, 31.1% had responded as
“possibly”, whereas for reason six, 33.3% had raged as “possibly”. From the above
analysis, it can be inferred that the reasons dokercrowding were due to deficiencies
in infrastructure, lack of manpower, inappropriatanagement of skills and partly due to
inappropriate visits by patients who do not requemergency care. The statistical

analysis above is summarized in tables 18,tablentiXigures? to 12, below
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Table 18: Distribution of responses of subjectsGauses of ED overcrowding

Factor 1 Number Responded %

Item 1

2-Not sure 17 18.9
3-possibly 30 33.3
4-one of the reasons 27 30.0
5-definitely 16 17.8
Item 2

1-Not correct 9 10.0
2-Not sure 24 26.7
3-possibly 48 53.3
4-one of the reasons 9 10.0
Item 3

2-Not sure 13 14.4
3-possibly 41 45.6
4-one of the reasons 30 33.3
5-definitely 6 6.7
Item 4

1-Not correct 10 11.1
2-Not sure 19 21.1
3-possibly 19 21.1
4-one of the reasons 37 41.1
5-definitely 5 5.6
Item 5

1-Not correct 9 10.0
2-Not sure 17 18.9
3-possibly 28 31.1
4-one of the reasons 26 28.9
5-definitely 10 11.1
Item 6

1-Not correct 7 7.8
2-Not sure 22 24.4
3-possibly 30 33.3
4-one of the reasons 24 26.7
5-definitely 7 7.8
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Figure.7: Distribution of 5-point scale responsastie Item 1 (Overcrowding is caused
by inappropriate visits made by patients who doraquire emergency care) of causes of
ED overcrowding
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Figure. 8: Distribution of 5-point scale respongeghe Item 2 (Overcrowding is caused
by lack of appropriate number and skills level @afffing in the department) of causes of
ED overcrowding
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Figure. 9: Distribution of 5-point scale respont®ghe Item 3 (Overcrowding is caused
by Access Block i.e. ED patients needing admisstannot be admitted due to lack of
beds in the department of destination) of caus@&obvercrowding
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Figure. 10: Distribution of 5-point scale responkeghe Item 4 (Overcrowding is caused
by poorly designed facilities and lack of spacéhie department) of causes of ED
overcrowding
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Figure. 11: Distribution of 5-point scale responfeghe Item 5 (Overcrowding is caused
by overcomplicated management policies and catenasfs) of causes of ED
overcrowding
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Figure. 12: Distribution of 5-point scale responfeghe Item 6 (Overcrowding is caused
by outdated clinical patient tracking system) afissss of ED overcrowding
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Table 19: Testing of responses of subjects for #aahfor Causes of ED overcrowding

Factor 1 Observed N | Expected N | Residual | X? value | P value
Iltem 1
2-Not sure 17 22.5 -5.5 6.622 .085
3-possibly 30 22.5 7.5
4-one of the reason 27 22.5 4.5
5-definitely 16 22.5 -6.5
Iltem 2
1-Not correct 9 225 -13.5 45.200 | <0.0001
2-Not sure 24 22.5 1.5
3-possibly 48 22.5 25.5
4-one of the reason 9 22.5 -13.5
Iltem 3
2-Not sure 13 22.5 -9.5 33.822 | <0.0001
3-possibly 41 22.5 18.5
4-one of the reason 30 22.5 7.5
5-definitely 6 22.5 -16.5
Item 4
1-Not correct 10 18.0 -8.0 33.111 | <0.0001
2-Not sure 19 18.0 1.0
3-possibly 19 18.0 1.0
4-one of the reason 37 18.0 19.0
5-definitely 5 18.0 -13.0
Item 5
1-Not correct 9 18.0 -9.0 17.222 | .002
2-Not sure 17 18.0 -1.0
3-possibly 28 18.0 10.0
4-one of the reason 26 18.0 8.0
5-definitely 10 18.0 -8.0
Iltem 6
1-Not correct 7 18.0 -11.0 24.333 | <0.0001
2-Not sure 22 18.0 4.0
3-possibly 30 18.0 12.0
4-one of the reason 24 18.0 6.0
5-definitely 7 18.0 -11.0
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4.2.2 “Effects of ED overcrowding on patients”

Analysis of the five reasons covered under thiglimgpis summarized in table20, table21
and figures 13 to 17. It shows the distributiorthod responses of 90 study subjects. The
distribution of responses measured on a 5-poinkesfa all the 5 items are highly
statistically significantly different (X= 34.0, p <0.0001; X= 49.911, p =0.002:X=
54.267, p <0.0001;X= 33.644, p <0.0001 and®X 43.244, p <0.0001).

For the first reason (I believe ED overcrowding s=s1 extended pain and suffering),
45.6% had responded as “one of the reasons”, frst#tond reason (I believe ED
overcrowding is a risk for poor outcomes), 55.6% hasponded as “possibly”, for the
third reason (I believe ED overcrowding causes acpoor outcomes), 57.8% had
responded as “possibly”, for the fourth reason ¢lidwe ED overcrowding causes
dangerous delayed diagnosis and treatment), 4899%assibly”, whereas for the fifth

reason (I believe ED overcrowding causes signifigatient dissatisfaction), 52.2% as

“one of the reasons”.

This heading of “Effect of ED overcrowding on pati€' had measured appropriately all
possible effects of ED overcrowding on patients,eshhigher proportion of study
subjects had responded positively as (“possibly ‘@ne of the reasons”) to all the five

effects (five items).
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Table.20: Distribution of responses for each itemtle Effect of ED overcrowding on

patients
Factor 2 Number Responded %

ltem 1

2-Not sure 2 2.2
3-possibly 23 25.6
4-one of the reasons 41 45.6
5-definitely 24 26.7
Item 2

2-Not sure 8 8.9
3-possibly 50 55.6
4-one of the reasons 22 24.4
5-definitely 10 11.1
Iltem 3

2-Not sure 7 7.8
3-possibly 52 57.8
4-one of the reasons 18 20.0
5-definitely 13 14.4
Item 4

2-Not sure 10 11.1
3-possibly 44 48.9
4-one of the reasons 25 27.8
5-definitely 11 12.2
Item 5

2-Not sure 4 4.4
3-possibly 22 24.4
4-one of the reasons 47 52.2
5-definitely 17 18.9
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Figure.13: Distribution of 5-point scale responkeshe Item 1 (ED overcrowding causes
extended pain and suffering) of Effects of ED owvening on patients
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Figure. 14: Distribution of 5-point scale responfeghe Item 2 (ED overcrowding is a
risk for poor outcomes) of Effects of ED overcomomgpatients
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Figure. 15: Distribution of 5-point scale responkeghe Item 3 (ED overcrowding
causes ACTUAL poor outcomes) of Effects of ED aeening on patients
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Figure. 16: Distribution of 5-point scale responkeghe Item 4 (ED overcrowding
causes dangerous delayed diagnosis and treatnieBfjexts of ED overcoming on
patients
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Figure. 17: Distribution of 5-point scale responkeghe Item 5 (ED overcrowding
causes significant patient dissatisfaction) of &feof ED overcoming on patients
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Table 21: Testing of responses of subjects for &aamfor the effect of ED
overcrowding on patients

Factor 2 Observed N| Expected N| Residual | X value | P value
ltem 1
2-Not sure 2 22.5 -20.5 34.000 | <0.0001
3-possibly 23 22.5 5
4-one of the reasons 41 22.5 18.5
5-definitely 24 22.5 15
Item 2
2-Not sure 8 22.5 -14.5 49.91F | <0.0001
3-possibly 50 22.5 27.5
4-one of the reasons 22 22.5 -5
5-definitely 10 22.5 -12.5
Iltem 3
2-Not sure 7 22.5 -15.5 54.267 | <0.0001
3-possibly 52 22.5 29.5
4-one of the reasons 18 22.5 -4.5
5-definitely 13 22.5 9.5
Item 4
2-Not sure 10 22.5 -12.5 33.644 | <0.0001
3-possibly 44 22.5 215
4-one of the reasons 25 22.5 2.5
5-definitely 11 22.5 -11.5
Item 5
2-Not sure 4 22.5 -18.5 43.244 | <0.0001
3-possibly 22 22.5 -5
4-one of the reasons 47 22.5 24.5
5-definitely 17 22.5 -5.5
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4.2.3 Management of ED overcrowding

Analysis of this heading is summarized in tables23 and figures 18 to 22 below. It
shows the distribution of the responses of 90 ssudyjects for the five items under the
heading of the survey used in this study.

The distribution of responses measured on a 5-pzwiale for all the 5 items are highly
statistically significantly different (X= 31.778, p <0.0001%= 40.111, p <0.001:X=
29.733, p <0.0001;X= 40.578, p <0.0001 and®»% 11.667, p <0.0001). For the first
item (I believe ED overcrowding can be reduced whkien issue is viewed with the
context of overall pressure on the entire healtherstem), 34.4% had responded as
“possibly”, for the second item (I believe ED ouwenwding can be reduced by increasing
the number and expertise of ED staff), 35.6% hagorded as “possibly”, for third item
(I believe ED overcrowding can be reduced by beatisign of the way patients flow
through the department (forms and paper work),@83@d responded as “possibly”, for
fourth item (I believe ED overcrowding can be reslliby educating the public about the
proper use of ED resources), 44.4% as “possiblyigreas for fifth item (I believe ED
overcrowding can be reduced by applying/implemegntacthnological solutions), 50% as
“one of the reasons”.

For this, factor of “Management of ED overcrowdirtgé study subjects had responded
in higher proportion as “possibly” to the 4 wayteins) and as “one of reason” to the
fithmethod (item) of managing overcrowding of EBere, the study subjects were not
“definite” in their views, because all the 5 itemsder this factor were related to
administrative feasibility of managing ED overcraagl
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Table 22: Distribution of responses of subjectsiiermanagement of ED overcrowding

Factor 3 Number Responded %

ltem 1

1-Not correct 9 10.0
2-Not sure 30 33.3
3-possibly 31 34.4
4-one of the reasons 15 16.7
5-definitely 5 5.6
Iltem 2

1-Not correct 8 8.9
2-Not sure 31 34.4
3-possibly 32 35.6
4-one of the reasons 17 18.9
5-definitely 2 2.2
Iltem 3

2-Not sure 21 23.3
3-possibly 35 38.9
4-one of the reasons 32 35.6
5-definitely 2 2.2
Item 4

2-Not sure 8 8.9
3-possibly 40 44.4
4-one of the reasons 35 38.9
5-definitely 7 7.8
Iltem 5

3-possibly 25 27.8
4-one of the reasons 45 50.0
5-definitely 20 22.2
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Figure. 18: Distribution of 5-point scale responf@she Item 1 (ED overcrowding can
be reduced when the issue is viewed with the comtfexverall pressure on the entire
healthcare system) of Management of ED Overcrowding
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Figure. 19: Distribution of 5-point scale responf@she Item 2 (ED overcrowding can
be reduced by increasing the number and expetitiE® staff) of Management of ED
Overcrowding
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Figure. 20: Distribution of 5-point scale responteghe Item 3 (ED overcrowding can
be reduced by better design of the way patientg floough the department i.e forms &
paper work) of Management of ED Overcrowding
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Figure. 21: Distribution of 5-point scale responfeghe Item 4 (ED overcrowding can
be reduced by educating the public about the progeiof ED resources) of Management
of ED Overcrowding
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Figure. 22: Distribution of 5-point scale responf@she Item 5 (ED overcrowding can
be reduced by applying / implementing technologswdiitions) of Management of ED
Overcrowding
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Table 23: Testing of responses of subjects for @aan of Management of ED
Overcrowding

Factor 3 Observed N|Expected N| Residual | X* value | P value
Iltem 1
1-Not correct 9 18.0 -9.0 31.778 | <0.0001
2-Not sure 30 18.0 12.0
3-possibly 31 18.0 13.0
4-one of the reasong 15 18.0 -3.0
5-definitely 5 18.0 -13.0
Item 2
1-Not correct 8 18.0 -10.0 40.111 | <0.0001
2-Not sure 31 18.0 13.0
3-possibly 32 18.0 14.0
4-one of the reasong 17 18.0 -1.0
5-definitely 2 18.0 -16.0
Item 3
2-Not sure 21 225 -1.5 29.733 | <0.0001
3-possibly 35 22.5 12,5
4-one of the reasong 32 22.5 9.5
5-definitely 2 22.5 -20.5
Item 4
2-Not sure 8 225 -14.5 40.578 | <0.0001
3-possibly 40 22.5 17.5
4-one of the reasong 35 22.5 12.5
5-definitely 7 22.5 -15.5
Item 5
3-possibly 25 30.0 -5.0 11.667 .003
4-one of the reasong 45 30.0 15.0
5-definitely 20 30.0 -10.0
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4.2.4 “Applied and implemented solutions to ED ovarowding”

Analysis of this aspect of the survey is summarirethble 24, table 25 and figures 23 to
27. The distribution of the responses of the 90 studlyjexts to the 5 items under this
heading was measured on a 5-point scale for albtitems and were found to be highly
statistically significantly different (X = 67.778, p <0.0001X= 53, p <0.001;X =
21.378, p <0.0001;X= 41.333, p <0.0001 and®X 54.467, p <0.0001).

For the first item (I believe ED overcrowding caa $olved by having a dedicated bed-
management team to tackle the issue of Access Blotk8% had responded as
“possibly”, for the second item (Consultant or $eritD nurse lead triage could help
making an impact an ED overcrowding), 40% had redpd as “possibly”, for the third
item (Diverting some of the emergency calls to edwielp lines enabling paramedics to
assess and discharge at the scene could help réfuessits), 37.8% had responded as
“possibly”, for the fourth item (An early warningysem that could alert to the
development of overcrowding could help managemeepgre and apply resources to
prevent overcrowding), 40% as “possibly”, whereas the fifth item (I believe ED
overcrowding can be solved by implementing techgickl innovations such as Radio
Frequency ldentification of patients and assef3)p as “one of the reasons”.

For this, factor of “Applied and implemented sabus to ED overcrowding” the study
subjects had responded in higher proportion assipbs to the four solutions (items)
and as “one of the reason” to the fifth solutioterti) of Applied and implemented
solutions to ED overcrowding.

Here, the study subjects were not “definite” inithews, because all the 5 items, under
this factor were related to hospital managementesys which includes adequate
infrastructure, administrative feasibility, and dahility of appropriate manpower with
efficient management skills.
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Table 24: Distribution of responses of subjectsgfach item on Applied and implemented

solutions to ED overcrowding

Factor 4 Number Responded %

Iltem 1

1-Not correct 1 1.1
2-Not sure 19 21.1
3-possibly 43 47.8
4-one of the reasons 25 27.8
5-definitely 2 2.2
Item 2

1-Not correct 1 1.1
2-Not sure 28 31.1
3-possibly 36 40.0
4-one of the reasons 22 24.4
5-definitely 3 3.3
Item 3

2-Not sure 29 32.2
3-possibly 34 37.8
4-one of the reasons 22 24.4
5-definitely 5 5.6
Item 4

1-Not correct 1 11
2-Not sure 19 21.1
3-possibly 36 40.0
4-one of the reasons 25 27.8
5-definitely 9 10.0
Item 5

3-possibly 14 15.6
4-one of the reasons 63 70.0
5-definitely 13 14.4
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Figure. 23: Distribution of 5-point scale responfeghe Item 1 (ED overcrowding can
be reduced by having a dedicated bed-managementttetackle the issue of Access
Block) of Applied and implemented solutions to EDefcrowding
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Figure. 24: Distribution of 5-point scale responkeghe Item 2 (Consultant or Senior
ED nurse lead triage could help making an impadeDrovercrowding) of Applied and
implemented solutions to ED Overcrowding
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Figure. 25: Distribution of 5-point scale responkeghe Item 3 (Diverting some of the
emergency calls to advice help lines enabling pathos to assess and discharge at the
scene could help reduce ED visits) of Applied andlemented solutions to ED
Overcrowding
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Figure. 26: Distribution of 5-point scale responkeghe Item 4 (An early warning
system that could alert to the development of awsvding could help management
prepare and apply resources to prevent overcroywodingpplied and implemented
solutions to ED Overcrowding
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Figure. 27: Distribution of 5-point scale responfeghe Item 5 (ED overcrowding can
be solved by implementing technological innovatisush as Radio frequency
identification of patients and assets) of Applied amplemented solutions to ED

Overcrowding
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Table 25: Testing of responses of subjects for @aah of Applied and implemented
solutions to ED overcrowding

Factor 4 Observed N| Expected N | Residual | X2 value| P value
Item 1

1-Not correct 1 18.0 -17.0 67.778 | <0.0001
2-Not sure 19 18.0 1.0

3-possibly 43 18.0 25.0

4-one of the reaso 25 18.0 7.0

5-definitely 2 18.0 -16.0

Item 2

1-Not correct 1 18.0 -17.0 53.000 | <0.0001
2-Not sure 28 18.0 10.0

3-possibly 36 18.0 18.0

4-one of the reaso 22 18.0 4.0

5-definitely 3 18.0 -15.0

Item 3

2-Not sure 29 225 6.5 21.378 | <0.0001
3-possibly 34 225 115

4-one of the reaso 22 22.5 -5

5-definitely 5 22.5 -17.5

Item 4

1-Not correct 1 18.0 -17.0 41.333 | <0.0001
2-Not sure 19 18.0 1.0

3-possibly 36 18.0 18.0

4-one of the reaso 25 18.0 7.0

5-definitely 9 18.0 -9.0

Item 5

3-possibly 14 30.0 -16.0 54.467 | <0.0001
4-one of the reaso 63 30.0 33.0

5-definitely 13 30.0 -17.0
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42,5 "“RFID Tagging as a potential solution in easg ED

Overcrowding”

Analysis of this aspect of the survey is summarirethble 26, table 27 and figures 28 to
35. It shows the distribution of the responses @k&idy subjects for the 8 items under

the heading of (RFID tagging) of the survey.

The distribution of responses measured on a 5-pzwiale for all the 8 items are highly
statistically significantly different (X= 70.444, p <0.0001; %= 22.622, p <0.001; %=
44.933, p <0.0001; %= 61.222, p <0.0001; %= 43.444, p <0.0001; %= 66.778, p
<0.0001; ¥ = 59.667, p <0.0001; and®X 109.9, p <0.0001).

For the first item (I believe the RFID is too comepted to use), 52.5% had responded as
“Not sure”, for the second item (The RFID systenesloot always function the way it is
supposed to), 40% had responded as “Not sure”th®rthird item (The RFID system
made our department less crowded than before wedtasing it), 51.1% had responded
as “one of the reasons”, for the fourth item (TH&IRsystem should not be relied upon
as the only solution to ED overcrowding), 45.6%"@asssibly”, for the fifth item (The
training | received on using the system was adegua8.9% as “one of the reasons” for
the sixth item (The technical support | receivedfsuie to receive was adequate), 45.6
% as “possibly” for the seventh item (The ED patidid not like wearing/using the
RFID tags), 40% as “one of the reason” and fordighth item (The RFID should be
extended throughout the whole hospital system®, 72.as “ Not sure”.

For this, factor of “Radio frequency identificatiqiRFID) tagging” the study
subjects had responded in higher proportion as ‘9o’ to the 4 items, as “one of the
reason” to 2 items and as “possibly” to the renmgr2 items. Here, the study subjects
were not “definite” in their views, because all ®dtems, under this factor were related

to the knowledge application, and utility of RFiDmanaging ED overcrowding.
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Table 26: Distribution of responses of subjectssfach item of Radio frequency
identification (RFID) tagging as a potential sobutiin easing ED overcrowding

Factor 5 Number Responded %
ltem 1

1-Not correct 17 18.9
2-Not sure 47 52.2
3-possibly 19 211
4-one of the reasons 5 5.6
5-definitely 2 2.2
Iltem 2

1-Not correct 14 15.6
2-Not sure 36 40.0
3-possibly 31 34.4
4-one of the reasons 9 10.0
Iltem 3

2-Not sure 6 6.7
3-possibly 28 31.1
4-one of the reasons 46 51.1
5-definitely 10 111
Iltem 4

1-Not correct 5 5.6
2-Not sure 10 111
3-possibly 41 45.6
4-one of the reasons 30 33.3
5-definitely 4 4.4
Iltem 5

1-Not correct 6 6.7
2-Not sure 35 38.9
3-possibly 30 33.3
4-one of the reasons 15 16.7
5-definitely 4 4.4
Iltem 6

1-Not correct 7 7.8
2-Not sure 32 35.6
3-possibly 41 45.6
4-one of the reasons 8 8.9
5-definitely 2 2.2
Item 7

1-Not correct 2 2.2
2-Not sure 12 13.3
3-possibly 35 38.9
4-one of the reasons 36 40.0
5-definitely 5 5.6
Iltem 8

1-Not correct 13 14.4
2-Not sure 65 72.2
3-possibly 10 111
5-definitely 2 2.2
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Figure. 28: Distribution of 5-point scale responfeghe Item 1 (RFID system too
complicated to use) of RFID Tagging as a potestdlition in easing ED Overcrowding
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Figure. 29: Distribution of 5-point scale responkeghe Item 2 (The RFID system does
not always function the way it is supposed to) 6iIR Tagging as a potential solution in
easing ED Overcrowding
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Figure. 30: Distribution of 5-point scale responkeghe Item 3 (The RFID system made
our department less crowded than before we stagieg) it) of RFID Tagging as a
potential solution in easing ED Overcrowding
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Figure. 31: Distribution of 5-point scale responfeghe Item 4 (The RFID system
should not be relied upon as the only solution@o@vercrowding) of RFID Tagging as
a potential solution in easing ED Overcrowding
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Figure. 32: Distribution of 5-point scale responkeghe Item 5 (The training received
on using the system was adequate) of RFID Taggirg@otential solution in easing ED
Overcrowding
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Figure. 33: Distribution of 5-point scale responkeghe Item 6 (The technical support
received/ continue to receive was adequate) of RFE§ging as a potential solution in
easing ED Overcrowding
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Figure. 34: Distribution of 5-point scale responkeghe Item 7 (The ED patients did not
like wearing the RFID tags) of RFID Tagging as #&eptial solution in easing ED
Overcrowding
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Figure. 35: Distribution of 5-point scale responf@ghe Item 8 (The RFID should be
extended throughout the whole hospital system)F’IDRTagging as a potential solution
in easing ED Overcrowding
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Table 27: Testing of responses of subjects for @aaiof RFID tagging as a potential
solution in easing ED Overcrowding

Factor 5 Observed N Expected N Residual X? value P value
Iltem 1
1-Not correct 17 18.0 -1.0 70.444 <0.0001
2-Not sure 47 18.0 29.0
3-possibly 19 18.0 1.0
4-one of the reaso 5 18.0 -13.0
5-definitely 2 18.0 -16.0
Item 2
1-Not correct 14 225 -8.5 22.622 <0.0001
2-Not sure 36 225 135
3-possibly 31 22.5 8.5
4-one of the reaso 9 225 -13.5
Iltem 3
2-Not sure 6 225 -16.5 44.933 <0.0001
3-possibly 28 22.5 5.5
4-one of the reaso 46 225 235
5-definitely 10 225 -12.5
Iltem 4
1-Not correct 5 18.0 -13.0 61.222 <0.0001
2-Not sure 10 18.0 -8.0
3-possibly 41 18.0 23.0
4-one of the reaso 30 18.0 12.0
5-definitely 4 18.0 -14.0
Item 5
1-Not correct 6 18.0 -12.0 43.444 <0.0001
2-Not sure 35 18.0 17.0
3-possibly 30 18.0 12.0
4-one of the reaso 15 18.0 -3.0
5-definitely 4 18.0 -14.0
Iltem 6
1-Not correct 7 18.0 -11.0 66.778 <0.0001
2-Not sure 32 18.0 14.0
3-possibly 41 18.0 23.0
4-one of the reaso 8 18.0 -10.0
5-definitely 2 18.0 -16.0
Item 7
1-Not correct 2 18.0 -16.0 59.667 <0.0001
2-Not sure 12 18.0 -6.0
3-possibly 35 18.0 17.0
4-one of the reaso 36 18.0 18.0
5-definitely 5 18.0 -13.0
Iltem 8
1-Not correct 13 225 -9.5 1.099E2 <0.0001
2-Not sure 65 225 42.5
3-possibly 10 22.5 -12.5
5-definitely 2 22.5 -20.5
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4.2.6 Conclusions:

The confirmatory factor analysis shows the constuadidity of an instrument
used in this study is having good validity. Regagdithe reliability, the internal
consistency of each of the items of 5 factors, sheignificant level of cronbachis for
all the 5 factors (Reason for ED overcoming, Effeét ED overcoming on patients
Managing ED overcoming, Applied and implementedusohs to ED overcoming, and
Radio Frequency identification (RFID) tagging) icalies that the study subjects have

responded appropriately to all the items of arrimsent.

The study subjects’ responses to the 29 items uthse5 factors of the study

instrument and their implications will be discussedChapter VI.
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Chapter V
FMEA Sheet Application
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5.1 Introduction

Failure Mode and Effects Analysis (FMEA) is a prbae risk assessment tool
used to identify potential vulnerabilities in corap) high-risk processes and to generate
remedial actions before the processes result isradwevents. FMEA is increasingly used
to proactively assess and improve the safety ofptexnhealth care processes such as
drug administration and blood transfusion. A cdnfemture of FMEA is that, it is
undertaken by a multidisciplinary team, and becausatails numerous analytical steps,
it takes a series of several meetings. Compositegua of busy health care professionals
with the appropriate knowledge, skill mix, and ktgial availability for regular meetings
is, however, a serious challenge (Ashley 2010). Mkdical imperative is clear: To make
health care safe we need to redesign our systemake errors difficult to commit, and
create a culture in which the existence of rislhéknowledged and injury prevention is

recognized as everyone’s responsibility (Leapéd £988)

The analysis of the data obtained from the 90 @p#gnts in the online survey,
highlighted a number problems with using RFID inclnical setting, namely the
emergency department from the perspective of thewsusers. Equally, it highlighted a
number of benefits. These problems can be viewgubtential failures that are capable of
undermining the application of a technology that thee potential along others to ease ED
overcrowding. These failures can render RFID asl wsl any other such solutions

somewhat obsolete.

In this chapter the author will highlight resulistained from analyzing the survey
data, and convert them to failure modes. Thesehgilnalyzed and added to the FMEA
sheet, which has been discussed above. Potenltigioss are then suggested within the
sheet. Further discussion of these solutions willb#v in the last chapter of this thesis.

A reminder of how process FMEA works could be ubkeftuthis juncture of the work.
This is to help the reader follow this chapter withthe need to refer to chapter three
where P-FMEA and D-FMEA have been discussed.
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Identify failure mode. This is the manner in whiahcomponent, subsystem,

system, process, etc. could potentially fail to ntke design intent.

. Describe the effects of the failure mode. For eflure mode identified the

designers of the systems should determine whatuttimate effect will be?

. Establish a numerical ranking for the severityhaf €ffect on a scale that uses 1 to

represent no effect and 10 to indicate very seeffext. This enables prioritizing

the failures and address the real big issues first.

Identify the causes for each failure mode. A faluwause is defined and

documented as a design weakness that may resufaiture.

. Establish a probability factor. A numerical weigstiould be assigned to each

cause that indicates how likely that cause is (@bdlly of the cause occurring). A
common industry standard scale uses 1 to represeriikely and 10 to indicate

inevitable.

Identify Current Controls. The mechanism that préwbe cause of the failure

mode from occurring or which detect the failuredvefit reaches the end user.

. Determine the likelihood of Detection. An assessanudrthe likelihood that the

Current Controls will detect the cause of the FailMode or the Failure Mode
itself.

. Determine Recommended Action(s) to address potefdimres, these could
include specific inspection, testing or quality gedures; selection of different

components or materials.
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9. Assign Responsibility and a Target Completion Datedhese actions. This makes

responsibility clear-cut and facilitates tracking.

10. Indicate Actions Taken. Re-assess the severitybgtitity and detection and

review the revised actions.

11.Update the FMEA Sheet as the design or procesgebathe assessment changes

or newinformation becomes known.

5.2 RFID Failure Mode

The author has been able to identify a number oérgm@l failure modes as a
result of analysis of the data derived from theiranisurvey. These failures could be
responsible for reducing the ability of RFID to emte its full potential as a technological
solution to help dealing with ED overcrowding. Tiadures above have been eluded for
mostly in under the heading of RFID tagging as #emial solution in easing ED
Overcrowding. Given the qualitative nature of tiwsrk, other failure modes that lead to

ED overcrowding have been identified under the olleadings explored in the survey.

5.2.1 Failure mode in causes of ED overcrowding

It has been statistically concluded that, the nreagor ED overcrowding were due
to deficiencies in infrastructure, lack of manpow@appropriate management of skills
and partly due to inappropriate visits by patiest® do not require emergency care. As
the analysis of data related the causes of ED oweding; respondents responded with
“possibly” to inappropriate patients visits to ED38%, lack of appropriate staffing skills
at 10%, access block at 45.6%, and poorly desifpmlities at 41.1%. From this, we can
infer that, access block appears to be the higtagetl reason for ED overcrowding.
Therefore, it has been chosen as one of the mksly lifailure modes and, could

potentially be eased via the use of

RFID tagging. This allows for monitoring of patisritow through the ED and forecasting
of potential bottlenecks that could lead to ovenatmg. Added to this, and as mentioned
earlier in the work, extending to the tagging systbroughout a given healthcare facility

will likely allow for more seamless patient flowofn ED to the point of admission.
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5.2.2 Failure mode in management of ED overcrowding

Management of ED overcrowding is multifactorial aeduires the availability of
many elements for successful outcome. Data obtdnoea the online survey highlighted
a number of issues related to management of EDcameding and provided a number of
potential failures in the system that can be gmaitgid, prevented or at least modified to
stop minimize the impact of ED overcrowding on & and the rest of the healthcare

facility in which it exists.

In their responses, the respondents generally theetnportance of management as very
significant compared to the rest of the survey.iRstance, 44.4% thought that public and
patient education about proper use of ED helpsaedwercrowding. Whereas 35.6%
thought better management of paperwork and formmanes the situation. However,
50% considered the use technology such as RFIDdchale a positive impact on
improving overcrowding. As mentioned above, manag@mof overcrowding is
multifactorial and the survey reflects this viewchese, although technology was chosen
as the highest impact factor, other factors wergatistical significance as well

5.2.3 Failure mode in the use of RFID Tagging

Data obtained from the survey highlighted a numtfeimteresting issues with
regards to the use of RFID tagging of patientsindE the Riyadh Military Hospital. The
study subjects were not “definite” in their vieviigcause all the 8 items, under this factor
were related to the knowledge application, anditytibf RFID in managing ED
overcrowding. Closer look at the data provides amgtion to that statement. For
instance, 52.5% were not sure if RFID it too comgied to use, but 51.1% thought it
made the department less crowded. Furthermore, 388 felt they received or continue
to receive adequate training and support on theoidRFID. One of the unexpected
outcomes was that, 72.2% were not sure about iDR¥Rlould be extended to the rest of
the healthcare facility. This is despite the fawittit very likely to lead to a positive
impact on patient flow and reducing the likelihadfdED overcrowding. The author could
infer that this is a failure mode in itself, onatlcould be rectified improvement of the
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RFID tagging system, better training and staff suppvho use the system and
demonstrating the integrated picture of improvediepa flow throughout the entire
healthcare facility rather than viewing ED overcdimg as an isolated ED issue. It is, of
course, very important not to ignore the 45.6% odteesponses stating that patients did
not like wearing RFID tags. This is yet anothergmial failure of the system that relies
on the compliance of patients in order to functgmnoothly. It is expected that further

work would look into this particular issue of patie not wishing to wear the RFID tags.

5.3 Applying Failure Mode to FMEA Sheet

After surveying users of the RFID system at the &Dthe RMH, the author
identified a number of issues that could be apptedhe FMEA sheet presented in
chapter Ill (research methodology). The author usk the elements contained in the said
FMEA sheet and applied the potential failure modissussed above. The risk priority
number (the standard scale of 0 to 10) will beaegdl by the percentage of responses
given in the survey. No actual entry of data irite sheet was attempted to due to space

restrictions.

5.3.1 Failure mode

1. Causes of overcrowding: As stated above, addesk is a highly rated failure mode

(RPN 45.6). As such the potential for failure amdpact on ED overcrowding is

significant. Potential causes for such failureaiskl of beds or destinations to which ED
patients can be disposed of. Poor coordination @mdmunication between various
hospital departments is another reason for sudtréaiThe frequency of such failure is
highly likely given the state of patient flow in stohospitals. The exact degree of
detectability of such failure is difficult to prexiin the absence of unified systems (RFID
throughout the hospital), lack of good and effextivoordination between ED and
different departments.

The logical recommendations in order to reducelittedihood of such failure and its
impact on ED overcrowding are: extending RFID tdhbspital-wide, setup alert systems
to predict issues with patient flow, regular anfiketive communication and coordination

systems between ED and other hospital departments.
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2. Management of ED overcrowding: The use of teldgyhas been rated the highest,

this means that its failure is likely to represdrg highest impact (RPN 50). However,
this point will be discussed below.

Lack of public awareness of the proper and effectise of ED resources is very likely to
lead unnecessary or even inappropriate visits. ,Tousrcrowding becomes very likely.
The impact of such failure is clear and has beagudised on a number of occasions
throughout the work. Such failure is frequent asighriedictable (RPN 44). A number of
actions can be advised to minimize the likelihoddhis failure and its impact. These
include: public awareness campaigns (TV and radsaad billboards etc., opportunistic
education of patients of visit ED inappropriatethe use of retrospective audits to
identify inappropriate visits and communicate thiicomes with the appropriate parties
such as primary care and public health sector.

3. RFID Tagging: As discussed above, given theneldyical nature of RFID systems

they are subject to a number of failures. Howeftgrctional failure is not the only one of
interest here. As the survey showed, a large numfb@spondents were not sure if RFID
should be extended to the entire hospital. It wagddm logical that the system becomes
hospital-wide given the clear benefits to the pasieflow from the ED to the point of
destination. However, the responses do not refl@st Such failure is predictable due
inability (of the management) to demonstrate theral benefit to the staff on how it

could reduce ED overcrowding.

Another failure that was realized from the surveythe low number of respondents
(38.9%) who felt they received or continue to reeeadequate support while using the
RFID system. This represents a huge potential iafréawith significant impact on the

overall performance of the system, its users (ptti@nd staff) and will likely lead to

poor management of ED overcrowding. Potential cao$such low rate of support could
include: poor documentations included with the erystslow response from the technical
support team, short periods of initial trainingttleads to high rate of error or poor design
of the actual RFID system. Failure of the RFID egstdue to whatever reason will,
likely, lead to severe disruption of ED processaatient flow and management and
worsening overcrowding. Therefore, suitable length staff training periods, good
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availability and quick response time of technicapmort are crucial to alleviate RFID
failure. This, in addition to good design of thelBFSystem itself in order to satisfy the

need of users both staff and patients.
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Chapter VI

Discussion
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ED overcrowding is a global issue that is featuakdost everywhere in the world
and the Kingdom of Saudi Arabia is no exclusion.

The FMEA tool which was used in the survey has ey good internal
consistency with average measure of Cronbaglvalue of all the 29 items is 0.805 and
having good validity as all the 29 items fall undee 5 constructs (Factors). From the
responses of the study subjects on a 5-point Likemte towards the on-line survey, the

author discussed the following points:

As depicted in Table 19, six potential causes ofdzBrcrowding in RMH are identified..
The first reason relates to the inappropriate visinde by patients who do not need ED
services, was responded by 33.3% as possible a@dolds definitely. This particular
cause appears to be universal among almost all EDfact, none of the respondent
surveyed disagreed with this observation, while cgimhalf of them agreed either
completely with it as a basis for overcrowding iD.EA third (30%)of them cited this as
one the reason as possible while only about otte (flf8.9%) of the respondents were not

sure.

The same situation can be seen in almost all EDdencity and probably around the
country. In most cases, this is explained by tha fhat, it difficult to obtain timely
appointments with primary care and other specialftysicians. Hence, many patients use
the ED as a quick short route to access the hea#lgystem and perhaps attain a referral
to an outpatient department. Another benefit otrating ED, as perceived by the
patients, is the much needed and additional reasseroffered by emergency care

physicians.

A similar pattern of response is noted i 2ason that states overcrowding is believed to
be due a shortage of skilled staffing in the EDisTquestion was responded by 53.3% of
subjects as “possibly” which seems to be a globdlaronic issue. It is especially true in
Saudi Arabia. Where it is believed the country et surmount several obstacles to
achieve self-sufficiency with medical staffing. $his true of entire range of medical
staffing compliment. The second reason - couldibgly attributed to a tremendously

high number of patients attending the ED with aadeguate number of resources to meet
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such demand which is another commonly encountemedaachronic issue at the RMH
ED as well as most other large and inner cities.

Lack of beds in the departments of destinatiorhetospital follows a similar pattern as
in the case with the first three reasons andgiilfies significant weight with almost two

fifth of subject citing that as one of the reason.

The issue of over complicated management poligielscare pathways ranks second as a
cause of overcrowding in the surveyed study subje&gain, a vast majority of these
subjects cited this as partially or totally thes@aa for overcrowding in the ED. While
only less than 10% of respondents were not suitendme disagreed with the statement.
The author attributes these responses to the darmnplexity of policies and procedures
and, on occasions, the poor communication styleedfadts of management at the RMH.
This impedes an effective flow of communication.offrer, but less significant, factor as
noted by the participants is that a number of p&ielo not need to be seen at ED but

they are permitted to do so by management duevtwitesm and other similar factors.

None of the respondents disagree with the stateafehis question, however almost half
of subjects consider it as a possible reason, lplgssecause evidence of such response
lies in the hands of another section in the EDnothe admission office hands. The last
two in this question as depicted in table reasdiovic a pattern that very much mimics

those in the proceeding reasons.

In summing up results of this question, it is olmgdhat the vast majority of the study
subjects consider each of the six reasons as @jmdhe reason or definite reason for
the overcrowding at the ED is the RMH. While a tigkely very small rate of subjects
were not sure of these reasons as cause almostohdine subjects disagreed with these
reason as causes of overcrowding. The author témdsbelieve that these reasons
individually and collectively can be consideredvaid and true reason for overcrowding
at the ED.

135



Table 21 illustrates the reason listed by the styastionnaire as main reasons that effect
of ED overcrowding on patients. Reason 1 that st&fe overcrowding causes extended
pain and suffering, only 6.7% of subjects disagreeth this statement and the vast
majority 45.6% considering the statement as pasbke of the reasons, or definitely a
reason for extended pain and suffering. In facs tort of response follows normal
expectations. For the second reason (I believe E&coowding is a risk for poor
outcomes), 55.6% had responded as “possibly”, far third reason (I believe ED
overcrowding causes actual poor outcomes), 57.8%adsponded as “possibly”, for the
fourth reason (I believe ED overcrowding causesgdewvus delayed diagnosis and
treatment), 48.9% as “possibly”, whereas for tffigh fieason (I believe ED overcrowding

causes significant patient dissatisfaction), 52a@¥%one of the reasons”.

However, the rest of the respondents stated itpgasible and agreed totally with it as a
reason for more pain and suffering in patientsnditey ED at the RMH. Pain and

suffering can be seen as having a direct relatipnsith ED.

Overcrowding with them comes the insecurity andeutainty that patient and their
families experience while waiting to be seen arafjdosed and a prognosis is provided
by healthcare professional at ED can be a serioffersg to this population and may
represent continuous pressure on the healthcaredsdhey become pressed by questions
and attempts to get them to attend to these pstiertile they are busy treating other
cases. Reason #2 that states ED overcrowdinggsk #or unfortunate outcomes and can
be seen as a natural continuity to reason #4 withteern of agreement that spans over
two thirds of subject only2 (2.2%) subject disagregth it is as a reason but a good 31%
were not sure whether it is a good reason or ntit.can be seen that when ED
overcrowding is a reason for extended pain andesuff, it follows that it can hinder
proper diagnosis, medical interference and treatroettcome. In many situations direct
and instant decisions and measures are requirdx ttaken and implemented to stop

ailment and prevent complications or even mortality

Overcrowding can delay this process and patientsegperience severe consequences’ as
a result for such delay in ED. Majority of studppendents believed ED overcrowdings
is a basis of actual poor out comes and causesisagm patient dissatisfaction.
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In fact, dissatisfaction is an associated and regubvercrowding and is a vital measure
for quality cure delivery but client dissatisfactitnas been cited in large number of
studies across all industries, is a significantecia for quality service. The researcher
strongly believes that this question (F2) has wdlé consistent agreement with its 5
items as effect of overcrowdings in ED. The probleen be magnified in special
circumstances or crisis where massive groups eématare brought to the ED in a short
period of time. The problem however does not onlylude patients and their families,
but can add pressure on healthcare professiondlsleter them from utilizing their full
capacities and efficiency as the problem turn oube chronic and acknowledged as a
fail.

Towards the management of ED overcrowding ( asveha Table 23), and for the first
item (I believe ED overcrowding can be reduced whiem issue is viewed with the
context of overall pressure on the entire healtherstem), 34.4% had responded as
“possibly”, for the second item (I believe ED ouwenwding can be reduced by increasing
the number and expertise of ED staff), 35.6% hagorded as “possibly”, for third item
(I believe ED overcrowding can be reduced by beatiesign of the way patients flow
through the department (forms and paper work),@82@d responded as “possibly”, for
fourth item (I believe ED overcrowding can be resl®y educating the public about the
proper use of ED resources), 44.4% as “possiblyigreas for fifth item (I believe ED
overcrowding can be reduced by applying/implementechnological solutions), 50% as
“one of the reasons”.

For the factor of “Management of ED overcrowdingé tstudy subjects had responded in
higher proportion as “possibly” to the 4 ways (i®nand as “one of reason” to the fifth
method (item) of managing overcrowding of ED. Heltee study subjects were not
“definite” in their views, because 4 out of 5 itemsder this factor were related to
administrative feasibility of managing ED overcramgl The responses to the first 4
reasons (as one of the reason) because thesschse@ems) are completely related to
the administrative measures towards the manageofiétd overcrowding. Whereas the
5" reason ( | believe ED overcrowding can be redubgdapplying/ implementing
technological solutions), the study subjects haparded as definite. This indicates that
the study subjects were willing to adopt technatafsolutions in the management of ED
overcrowding.
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For the factor of “applied and implemented solusido ED overcrowding” and its 5
reasons responses by the study subjects as givieabla 25, for the For the first reason (I
believe ED overcrowding can be solved by havingdichted bed-management team to
tackle the issue of Access Block), 47.8% had redpdras “possibly”, for the second
reason (Consultant or Senior

ED nurse lead triage could help making an impactE&n overcrowding), 40% had
responded as “possibly”, for the third reason ([timg some of the emergency calls to
advice help lines enabling paramedics to assessdectiarge at the scene could help
reduce ED visits), 37.8% had responded as “possifidy the fourth reason (An early
warning system that could alert to the developmehtovercrowding could help
management prepare and apply resources to preventrowding), 40% as “possibly”,
whereas for the fifth reason (I believe ED overaldow can be solved by implementing
technological innovations such as Radio Frequedentlfication of patients and assets),

70% as “one of the reasons”.

For this, factor of “Applied and implemented sotuis to ED overcrowding” the study
subjects had responded in higher proportion assipb8 to the four solutions (items)
and as “one of the reason” to the fifth solutioterti) of Applied and implemented
solutions to ED overcrowding. Here, the study sciigjevere not “definite” in their views,
because all the 5 items, under this factor weratedl to hospital management system,
which includes adequate infrastructure, administeafeasibility, and availability of
appropriate manpower with efficient managementsKithe feasibility of implementing
technological innovations particularly, Radio freqay identification of patients, could
be considered as a possible solution to ED ovemtirigvbecause 70% of the study

subjects was responded “ as one of the reasons”.

In the analysis of responses for tHe factor (RFID Tagging as a potential solution in
easing ED overcrowding) of an instrument whichiigeg in Table 27, in which for the

first reason (I believe the RFID is too complicateduse), 52.5% had responded as “Not
sure”, for the second reason (The RFID system do¢slways function the way it is

supposed to), 40% had responded as “Not sure'thfotthird reason (The RFID system
made our department less crowded than before wedtasing it), 51.1% had responded
as “one of the reasons”, for the fourth reason (RR&D system should not be relied upon
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as the only solution to ED overcrowding), 45.6%'@sssibly”, for the fifth reason (The
training | received on using the system was adegua8.9% as “one of the reasons” for
the sixth reason (The technical support | recen@atinue to receive was adequate), 45.6
% as “possibly” for the seventh reason (The EDepatdid not like wearing/using the
RFID tags), 40% as “one of the reason” and fordighth item (The RFID should be

extended throughout the whole hospital system®, 72.as “ Not sure”.

For this, factor of “Radio frequency identificatiGRFID) tagging” the study subjects had
responded in higher proportion as “Not sure” to4heasons, as “one of the reason” to 2
reasons and as “possibly” to the remaining 2 remskere, the study subjects were not
“definite” in their views, because all the 8 reasounder this factor were related to the

knowledge application, and utility of RFID in mamag ED overcrowding.
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Chapter VII

Conclusions & Recommendations
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7.1 Conclusions

ED overcrowding is a negative phenomenon of heatththat has been described
abundantly globally. Factors that have been founldet associated with it range from the
nature of the healthcare systems themselves, daplugr reasons, lack of suitable
technological infrastructure and similarly suitabBquipped and trained clinical

manpower.

The impact of overcrowding can be serious and Haen shown to be an important
factor in raising deaths and suffering. This stualyned to investigate the use of
technology in health care, especially RFID suppleted by FMEA, as a tool for tracking
and management in Emergency department overcrowdihg author proposed the
potential use of FMEA as an assessment tool to idelptify the impact of technology,
namely RFID, in dealing, improving and, on in thend term, preventing ED

overcrowding. The author utilized a survey questaire to study the following areas:

- Causes of ED overcrowding

- Effects of ED overcrowding on patients

- Management of ED overcrowding

- Applied and implemented solutions to ED overcrowdin
- RFID as a solution to ED overcrowding

It was obvious from the results of this survey ttiet common reasons for overcrowding
in ED that are globally known, do exist in the plgpion of this study. Inappropriate
visits made by patients who do not require emerg@&ace, as one of the causes of ED
overcrowding was viewed by our study subjects. @ dther hand the survey subjects
have also showed that there is a limited or shaatlability of skilled staff at the ED. It

is not really known how much are these two reasmelated because increased numbers
of patients who do not require emergency care eagltrin an overflow of ED patients
where it becomes very difficult by current ED stffmeet their needs and overcrowding

in ED occurs as a natural process.
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It can also be that access block which may be ddfas a situation where hospital beds
are not available, due to high occupancy rate aspeoed to a high number of ED
patients who are obliged to wait in the ED for Igpegiods. Outcomes of access block can
be very serious especially in the cases of eldgegiatrics, acute and chronic illnesses.
Access block alone can lead to overcrowding in EDs clear, at the Riyadh Military
Hospital, that the number of beds available, despipansions in this capacity does not
commensurate with the rate of increase in the nuwib&D visits, which indicates it as a
major reason for overcrowding in ED. Expansiortted ED alone without considering
other bottle necks will not resolve the issue armil only show up the ED as a non-
efficient poorly designed facility as concludedsiydy subjects when they were surveyed
about design of ED as a cause factor of overcrogvdin

On the other hand, this study has shown that EDcosding can cause extended
pain and suffering, in fact many studies aroundwbdd has documented similar results.
Because of the importance of timely diagnosis aeatient initiation, ED overcrowding
can delay medical care. Intravenous injections piravide the most direct route for
delivery of medications can be delayed due to EBrawwding. Diagnosis itself can be
delayed due to delay in patient referral to diaginoservices and laboratory. Hence
prompt treatment and pain management are hamperedhich consequences are
extended pain and suffering. It can be concludenh fthis study that, while the ED is a
fast way to handle patients, stabilize their caonditand start them on treatment that
prepare them to be admitted to the hospital orsteared to the ICU, ED overcrowding
can become a major obstacle to achieve these semudt can significantly add or extend
patients pain and suffering, In fact this may ekplancreased death rates in such
populations as a result of overcrowding as repdriedany studies. This suffering is not
only limited to the ED population but can extengadients already admitted to hospitals
as some of them is prematurely discharged to dibmvavailability of beds to ED patients
which may result in serious complications and pgaesre-admission through the ED

which in turn creates a condition similar to a @its circle.

The third factor of the survey instrument in thisdy focused on questions that
explored the multi-factor approach to managing bf @&ercrowding. It is obvious and
has been documented by responses of study sulgedssthe case in many other research
works around the world that efforts for managenwndvvercrowding in the ED should

focus on various aspects that contributes to EDoveevding. This can start by creating
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a more effective patient flow, which covers evespect of this process including micro

activities like forms and paper works. It also ud#ds educating patients themselves in
regards to proper use of ED services and makingibese of personnel working at the
ED in regards to delegating them certain decisiegponsibilities the utilization of

technological advance also play an important rolemanagement efforts to reduce
overcrowding in the ED, in addition to proper mas@agnt of hospital beds. It can be
concluded that management of overcrowding in thei€€én issue that should be shared
by all stakeholders and is a multi-disciplinary pited wide process. This section have
shown that every step at the overcrowding process onapped and studied can form a

crucial aspect of improvement efforts aimed at oaatyiovercrowding in ED.

It is also concluded that working at one step withoonsideration of others,
which are closely interlaced into it, can be auf@land can lead to deterioration of the
whole process. The section on utilization of RREZhnology to tag patients as a
potential solution in easing ED overcrowding yie@d®mme insight into its use. It may be
concluded that, although the use of RFID systethenED did help reduce overcrowding,
but it seems that besides its technical difficelaad complexity, does not alone solve the
problem of overcrowding. RFID can be utilized ameans of better patient logistical
management but cannot provide solutions to ladkedls in the hospital nor to reductions

of unnecessary visits to the ED.

As discussed above, FMEA as a risk assessmentdiegfynhas been in use for
over fifty years. It has been utilized in largecoimmercial and industrial sectors and all
too often provided valuable input in design, mantifeing and usage of modern day
product. The author concluded that, FMEA can bdiego assess the risk of potential
failures in health in general. However, it can playery valuable role in the case of
assessing potential failures relevant to the useteohnology, in this case RFID,
managing, reducing and perhaps preventing ED owerding. As noted below, there is
now a new term has been coined to describe thefuS®EA in healthcare. It is known
as Healthcare Failure Mode and Effects AnalysisMIEHR) (McNally et al. 1997).
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It would be logical to apply the concept of procE84EA to the subject of using
RTLS technology to manage ED overcrowding. Thisdsause the movement of patients
through ED is viewed as a process and P-FMEA wbal@ble to monitor the steps that
RFID monitoring goes through and identify potenfalures. When these are identified,
then solutions can be developed and applied. Tble of P-FMEA is repeated to observe
the impact of those solutions and the overall gbalealing with ED overcrowding.
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7.2 Recommendations

The author of this research recommends that aamdehorough investment in the
ED physical setting and manpower resources at RMHuigently studied and
implemented. It is hoped that such initiatives cezate changes in the culture of the ED,
improve communication among organization membegselbp and implement training
and education programs and improve staff moraleentially such effort can improve
patient flow and maintain efficiency in patient'sanagement and care provided to ED
patients. It also can reduce those patients’ atdlie ED. The RMH top management is
highly encouraged to get involved in such effodsshow their support and provide
guidance towards creative and innovative ways gqifi@menting them their involvement
can also make the funding process more understendal feasible special efforts are
also recommended to process patients with speeeadalike those in severe pain, critical
condition, new born and children as well as elderljhese groups can benefit from a
standalone fast track to handle them promptly,ilstaltheir condition and alleviate their

pain and suffering.

Technological innovation and solutions should beegted in. RFID is one such
technology, as identified in this work. It has didgglace in helping to ease and better
manage overcrowding. Naturally, other similar tembgies are being invented and
develop in tandem with RFID. These include WiFilwsarious bandwidths (900 MHz,
2.4 GHz and 5.0 GHz.), and the recent developmertuetooth technology.

In the case of access block it is highly recommdnithat special task force is
established at the RMH which includes members fiém@int medical and non-medical
division, to study the mechanics of bed manageraedtbetter utilization of beds. Such
force can find way to prevent abuse of beds byagegatients who for certain geographic
reasons prefer to extend their stay at the hospsgétad of being discharged and become
obliged to stay in a hotel. The RMH is encourage@rovide special long stay facilities
that require minimal care and minimal staff outsitie hospital facility. Long stay
housing areas can also be operated by the prieatersthey definitely will decrease the

number of occupied beds and increase availabdityyéw admissions from the ED.

On the other hand it is recommended to work alstherother end of the process:

where only eligible patients are allowed or acceptethe ED. It has been shown that
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creating filters within process does not really makuch difference but a thorough and
efficient intermediate screening section in the E&n be beneficial in screening,
assessing and quickly assigning those cases thdharsource of in appropriate visits to
the ED and referring them to regular clinic spamal This may help in reducing the
input of unnecessary visits to the ED. Naturalljthwhew technologies and innovations
there is more potential for risk for failures andbsequent risks to the subjects using these
technologies. As demonstrated in this work, FMEA ba applied to identify, study the
root causes of these failures and provide poteastikltions to minimize those risks and

prevent their occurrence in the first place wharssgble.

The author recognizes that, this work is not extre@svith regards to exploring
the full potentials of either RFID or FMEA. Much eded work remains to be done in
both fields. Ideally, follow up research shoulddmnducted to advance the stages of this
work. This could take the form of repeating the FMEycle set out here and identify
whether the initial work and the proposed changaslaran impact on the issue of ED
overcrowding. If so, then how can this be improfether? Furthermore, impetus can be
given on the positive influence of technology, ngmRFID, on helping day-to-day

healthcare problems such as ED overcrowding.

As described in above, FMEA has its origin in thdustrial sector and it took a
while before it was used in other sectors sucheadtlicare. As a result and as expected
the term Healthcare Failure Mode and Effects AnalyslFMEA) is being coined and
most likely will be widely used. In the past, mede used a human error approach,
which identified the individual as the cause of #ulverse event. We now recognize that
errors are caused by system or process failuredléiicet al. 1997). FMEA focuses on
the system within an environment and uses a msdiipglinary team to evaluate a process
from a quality improvement perspective. The Joimnission for Accreditation of
Healthcare Organizations (JCAHO) in the US has memended that healthcare
institutions conduct proactive risk managementvéets that identify and predict system

weaknesses and adopt changes to minimize patiemt(#alachi et al. 2001).

In 2001 the Veteran's Administration (VA) Nation@entre for Patient Safety
(NCPS) specifically designed the HFMEA tool forkrsssessment in the healthcare field.
The HFMEA tool was formed by combining industrylIEEA model with the U.S. Food
and Drug Administration's Hazard Analysis and Caiti Control Point (HACCP) tool
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together with components from the VA's root causayssis (RCA) process. HACCP was
developed to protect food from chemical and biatabicontamination and physical
hazards. The HACCP system uses seven steps: (Aycioa hazard analysis, (2) identify
critical control points, (3) establish critical lits, (4) establish monitoring procedures, (5)
establish corrective actions, (6) establish veatfan procedures, and (7) establish record-
keeping and documentation procedures. It uses iquesto probe for food system
vulnerabilities as well as a decision tree to idgrdritical control points. The decision
tree concept was adapted by the VA for the HFME®I.tdhe HFMEA tool has been
subsequently recognized in the White Paper prepasedhe American Society for
Healthcare Risk Management (ASHRM). In an efforgtobally share the merits of this
process, a video, instructional CD and workshertthe use and application of HFMEA
has been sent to every hospital CEO in the US tghaeed with individuals and risk
managers responsible for patient safety (Americacie®y for Health Risk Management
2002).

With the above in mind, the author advises thatdiseussed future work would
then adopt some of the steps taken and apply HFRHiE&iples to the RFID and/or other
technologies in order to advance healthcare safadyefficiency in general and contribute
to solving as many problems as possible withintheate including ED overcrowding.
And the use of technology is highly recommendebeaitilized at the RMH ED due to its
ability to ease processes, identify physical laratf patients and assist in their parallel
treatments at other departments like radiography kaboratory. It also can ease
communication with them which can finally creatdéetter flow of patients setting up
technological applications in the ED can prepare department for future upgrades and
newer version of technical applications that arénessed and expected to appear

regularly which can improve patient managemenhatED.
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As a final closing statement, the contributiontloé work has been clarified as
identifying the impact of RFID as RTLS technology&D in the RMH for managing and
controling overcrowding. This research also idexdi potential failure modes of this
technology in ED overcrowding using FMEA analysSitierefore, the outcomes of this
work would provide an important contribution to tlmited body of literature, outlined
in the literature review chapter of this thesis, tre technological solutions of
overcrowding in ED. Most of the search carried byt the author identified large
variation in approaches to dealing with the issUED overcrowding. Those ranged from
applying more human resources to altering the paysvwof managing patient’s journey
through healthcare system to applying more interatedayers of management to ease
the pressure off of the EDs. Other approaches declsome aspects of technology such
as development of early warning systems that havéeen widely adopted and remained

as isolated efforts.
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Survey Question Design

PAGE 1 | Edit Page Options ¥ || Add Page Logic || Move || Copy || Delete | Shaow this page only

Please choose one or more of the following reasons that, in you opinion, cause overcrowding in your
ED

"+ A e | ¥ |

Q1 | EditQuestion | ¥ || Add Question Logic || Move || Copy || Delete |

1. | believe that overcrowding is caused by inappropriate visits made by patients who do not require
emergency care

() Mot correct

f,;} Naot sure

() Possibly

f,_:l One of the reasons

() Definitely

| + Add Question | ¥ || Spiit Page Here |

Q2 | EditQuestion | ¥ || Add Question Logic || Move || Copy || Delete |

2. | believe ED overcrowding is caused by lack of appropriate number and skills level of staffing in the
department

f\: Not correct

(\:} Mot sure

() Possibly

(\:} One of the reasons
() Definitely

Figure 36 Online survey design
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Survey Responses

ER Overcrowding

175 | I [ 20% |

Please choose one or more of the following reasons that, in you opinion, cause overcrowding in your ED

1.1 believe that overcrowding is caused by inappropriate visits made by patients who do not require emergency care
() Not correct
) Notsure
() Possibly
() One of the reasons

() Definitely

2.1believe ED overcrowding is caused by lack of appropriate number and skills level of staffing in the department

() Net correct

) Notsure

() Possibly

() One of the reasons

() Definitely

3.1believe ED overcrowdi

is caused by Access Block (ED patients needing admission, cannot be admitted due to lack beds in the department of destination)

() Nt correct

() Not sure

) Possily

() One of the reasons

() Definitely

4.1 believe ED overcrowding is caused by poorly designed facilities and lack of space in the department
() Nt correct

() Not sure

() Possibly

() One of the reasons

() Definitely

Figure 37 Factor 1 responses (Causes of ED Ovedungyv

ER Overcrowding

[ ] [ 0% |

Please evaluate the effect of overcrowding in your ED on patients

1.1believe ED ing causes pain and

) Not corract
) Not sure
(& Possibly
_) One of the effects
) Definitely

2.1believe ED overcrowding is a risk for poor outcomes
() Not comect

' Notsure

() Possibly

() One of the effects

) Definitely

3.1 believe ED overcrowding causes ACTUAL poor outcomes
_) Not correct
) Not sure
_) Possibly
(& One of the effects
) Definitely

4.1believe ED ing causes g delayed di is and

) Not correct

) One of the effects
) Definitely

5.1 believe ED ing causes signif patient di:

_) Not correct
) Not sure
(¥ Possibly

_) One of the effects

) Definitely

Next

Figure 38 Factor 2 responses (Effects of ED Overdiog on Patients)
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ER Overcrowding

[ 0% |

Please evaluate the following possible solutions of ED Overcrowding

1.1believe ED overcrowding can be reduced when the issue is viewed within the context of overall pressure on the entire healthcare system
() Not correct

() Not sure if this would help

() Possibly

(& One of the solutions

) petinitely

2.1believe ED overcrowding can be reduced by increasing the number and expertise of ER staff
( This will not help

Not sure if this wouild help
(& Possibly
() On of the solutions

() Definitely

3.1believe ED overcrowding can be reduced by better design of the way patients flow through the (forms and pap )

( Not correct

() Not sure if this would help
(& Possibly

( One of the solutions

() Definitely

4.1believe ED overcrowding can be reduced by educating the public about the proper use of ER resources
() Not correct

_) Not sure If this would help
(¥ Possibly

_) One of the solutions

() Definitely

5.1 believe ED overcrowding can be reduced by i i

() Net correct
() Not sure if this would help

() Possibly

(+ One of the solutions

() Definitely

Next

Figure 39 Factor 3 responses (Management of EDddwmeding)

ER Overcrowding

| 475 | | 8o% |

"I;nlis page shows a number of applied and implemented (in various parts of the world) solutions to the issue of ED Overcrowding. Please tell us if you think us if they could
elp
1.1believe ED overcrowding can be solved by having a dedicated bed-management team to tackle the issue of Access Block.
() Strongly disagree
Not sure this will help
(' This may help
) Agree

() Strongly agree

2. Consultant or Senior ED nurse lead triage could help making an impact on ED overcrowding.
_) sStrongly disagree

Nt sure this will help
) This may help

Agree

Strongly agree

3. Diverting some of the emergency calls to advice help lines enabling ics to assess and di ge at the scene could help reduce ED visits
() strongly disagree
() Net sure this will help
This may help
() Agree
(' Strongly agree

4. An early warning system that could alert to the of ing could help prepare and apply to prevent

Strongly disagree
() Net sure this will help

This may help
 Agree

Strongly agree

5.1 believe ED overcrowding can be solved by i

such as Radio Frequency Identification (RFID) of patients and assets
() strongly disagree
) Not sure this will help

This may help

) Agree
Strongly agree

Next

Figure 40 Factor 4 responses (Applied and impleatkstlutions to ED overcrowding)
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ER Overcrowding

[ 575 | I | 100% |

Please tells us about your experience with the RFID system in your department
1.1believe the RFID is too complicated to use
¥ Strongly disagree
() Not sure
() Somewhat agree
Agree

() Strongly agree

2. The RFID system does not always function the way it is supposed to
() Strongly disagree
¥ Notsure
_) Somewhat agree
Agree
() Strongly agree

Please explain if you agree with the statement

3. The RFID system made our department less crowded than before we started using it
() Strongly disagree
Not sure about this
() Somewhat agree
Agree
¥ Strongly agree

4.The RFID system should not be relied upon as the only solution to ED Overcrowding
' Strongly disagree
Not sure
_) Somewhat agree
Agree

) Strongly agree

Figure 41 Factor 5 responses (RFID Tagging asenpat solution in easing ED
Overcrowding)
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