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Abstract
The practice of Emergency Medical Services (EMSgoempasses the pre-hospital and in-hospital triage,
resuscitation, initial assessment and managemamdifferentiated urgent and emergency cases disttharge
or transfer to the care of another physician orlthegare professional. This involves the developiremd
deployment of pre-hospital and in-hospital emergemedical systems for rescue processes. Thus,dhkof
effective EMS is to provide emergency medical darall who need it. However, many factors detertime
quality of EMS, and that the response time is apartant EMS industry benchmark. The study assetbges
level of technological innovations as a means alvigling quality pre-hospital care to patients imédis of
emergencies and the acceptance of such practicéoimjo Anokye Teaching Hospital (KATH) — a referral
centre. All the 16 National Ambulance Service (NA8htres in the Ashanti Region in Ghana were censil
for the study, with only 93 personnel manning thetions and hence the difficulty for them to madteo
concurrent cases of emergencies. Questionnaireg weministered on the perceptions and opinions of
patients/relatives, doctors and nurses as weltafs of the 16 ambulance service centres about Ed&ery.
Systematic random sampling was used to select nisfielatives and ambulance service staff whilst
convenience sampling was used to select individivafa the rest of the categories. The use of fiteddphone
lines and mobile phones were the primary toolscfanmunication. For quality evidence-based EMS jrast
NAS lacked the integration of GIS, GPS and GSM tetbgies including mobile tablet PCs and software
solution to properly discharge their duties.
Keywords: Emergency Medical Services (EMS), referral cemter;hospital and in-hospital, National
Ambulance Service (NAS), innovative technologieset ‘golden hour’, Mobile Data Terminal
(MDT)

1. Introduction

Emergency Medical Services (EMS) exist to fulfiilet basic principles of first aid intended to preselife,
prevent further injury, and promote recovery. Emeay medical conditions typically occur throughuglden
assault to the body or mind, often through injunfection, obstetric complications and chemical aamce
(McSwain, 1991), and this includes persistent retghé chronic conditions. Thus, EMS criteria toatehese
conditions include rapid assessment, timely prowisif appropriate interventions, and prompt transgion to
the nearest appropriate health facility by the lpesisible means to enhance survival, control maybiend
prevent disability. Hence, the goal of effective &ENs to provide emergency medical care to all whednit
(Tannebaum, 2001).

Emergency medical care is that care delivered énfifst few hours after the onset of an acute nadic
obstetric problem or the occurrence of an injungluding care delivered inside a fixed facility. ntust be
pointed out that a more accurate approach to viewe @ to recognize it as a continuum. As emphdsize
Navein and McNeil (2003), advances in medical camd technology in recent decades have expanded the
parameters of the traditional domain of emergen®dioal services. Despite the efforts of primaryecar
providers and public health planners, not everyrgerey is preventable (Whigt al., 1996). However, actual
provision of emergency care may range from deliuesiyng trained emergency professionals to delibsryay
people (Samai and Sengeh, 1997). In Ghana, emegrgesdical care is given low priority in the headctor as

it is equated to ambulance transportation, andentigh the role of the community and facility camviders
with the intent that emergency departments and iplays are the only acute care resources. Besfdas,
resources are set aside for possible emergencidsylaen situations of emergency care arise, thineraesult
in costly resource deployment (Adu-Ampoéb al., 2002). It must be pointed out that emergency ica¢d
systems including computers and their related teldgies address a diverse set of diseases that thgan
spectrum of communicable infections, non-commur&aenditions, obstetrics, and injuries. These ireqan
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EMS either in their acute stages such as diabgtodlycaemia, septicaemia, premature labour ardvasbr in
their natural presentation such as myocardial atifam, acute haemorrhage, and injuries (Kadsal., 2008). In
addition, Tiskaet al. (2004) explained that lack of access to medieaé @nd sustained effective treatments
become a threatening plethora to instances of sute@pisodes and flare-ups.

Triage is the screening of patients in the fieldnathe receiving area of a fixed facility to detene their relative
priority for treatment (Kuehl, 2002). This is imited with pre-hospital care which involves carevigted from

the community (scene of injury, home, school, treotocation) to the point where the patient asigea formal
health care facility to receive definitive care.ddmet al. (2003) argued that EMS and pre-hospital care are
complements in context and that they are deemdgktsimple, sustainable, and efficient in triageations.
Certainly, pre-hospital time, notification time, scene time, response time and transport time are the most
prominent indicator variables in EMS. In particulahe availability of telecommunications influences
notification time whilst the capabilities of a d&ph center to handle emergency calls influencporese time
and this includes proper geographic distributiositds of ambulance dispatch. Thus, a shorter pspital time

is a good indicator of quality pre-hospital carartfaliset al., 1994). As regards these times, communication is
essential for both patient referral and emergeraysportation in which fixed line telephones anditeophones
have high potential to facilitate communicationpexsally in remote areas or villages. For instarapjipping
traditional birth attendants and remote healthsumiith radio receiver sets linked to local hosgitathproves
response time and reduces maternal deaths (Sach&emrgeh 1997). It is for this reason that emengeace
must be appreciated as a system of interdependemipanents of pre-hospital care, pharmaceuticals,
transportation, experienced paramedical persommel,in-hospital care. Thus, from accident scenagferral
centres, innovative technologies play significasies in the control and prevention of deaths onlthsis of
appropriate choice of technologies at each stagfeeaervice chain.

In Ghana, the demand for efficient communicatiom aapid transportation is more critical in emergenc
medical care, and that the National Ambulance $er¢NAS) is charged with primary objective of pdivig
pre-hospital emergency care to accident victims @mleying such victims to the appropriate headitilities
including cases from minor health centres. Thusamedic staff, ambulance centres and vehicles rnest
equipped with state-of-the-art technologies angkep in order to offer medical treatments on tifbés by this
means that the emergency department is broughtetpatient readily at the accident scene. Lindstebiad.
(2011) thus stressed that technological advancenierie context of computers and other technotogrevide
electronic capacities for both ambulance servicgars and vehicles in the quest for offering qyalite-hospital
care. Fortunately, mobile phones and smart comratinit devices are relatively cheaper and easydesscfor
various data processing, storage and communicatioposes. Moreover, Leckgt al. (2014) explain that the
Internet and remote sensing satellites provide ifteible platforms for effective use of Geographifofmation
Systems (GIS) and network connectivity to the aegidscenes in respect of gathering patients’ inftion and
making adequate preparation for medical treatmegritse referral centres.

It is important to emphasize that transportatioarisessential component in any EMS system whetirerdl or
informal. Carronet al. (2011) observed that the provision of transpocilifees for EMS functions is mostly
equated to easy access to transport services, ldra intriguing factor is the sophisticated natofethese
facilities in terms of advanced technology to suppme-hospital care. Thus, road transport is giwaunch
attention than the other transport routes (Macengmd Hotchkiss, 1999). However, ambulance faedlitire still
not modernized, inadequate and unreliable for pspital care emergencies (Samai and Sengeh, 1897).
Ghana, this phenomenon had led to many privatenandgovernmental organizations to take the init&atio
provide ambulance services, but on the whole raadarks leading to referral centres affect the oasp and
transportation times of ambulances. Air lifting dhgh helicopter services during emergencies hetiuoe
mortality rate especially patients in acute injus@gdations (Moylan, 1988). Thus, transporting tigrd from the
location of the acute event to a hospital facilityhealth centre is a critical element of pre-htzpmare, and that
locally available resources as well as viable alitves for transportation can be deployed to imero
transportation time be it public or private meahgansport service.

2. Procedures and Methods

The study examined the operations of 16 nationabudamce centres in the Ashanti Region of Ghana with
Komfo Anokye Teaching Hospital (KATH) as the primaeferral centre. These ambulance centres ar¢eidda
Konongo, Ejisu, Anhwia-Nkwanta, Mamponteng, Kumagport, Sports Stadium, Mankranso, Ejura, Nyinahin
Asokore, Juaso, Tepa, Offinso, Asante Mampong, Melwbiase and KATH (Kumasi). KATH is located in
Kumasi, the Regional Capital of Ashanti Region. &e&d method approach (Neuman, 2003) was used &robt
relevant information across the three categorieegifondents and the multiple case study stratéigy2003)
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employed due to the number of cases involved. Apgarsize of 163 was used constituting 20 Doctofs, 5
Nurses, 15 Health Care Assistants, 20 Orderlids from the Accident and Emergency Unit of KATH, 3&ff
members of the 16 national ambulance centres anga@nts/relatives transported to KATH by NAS.
Systematic random sampling procedure was employethé case of patients/relatives and staff of NASus,

the 20 patients/relatives transported by NAS andsta® members of NAS were all interviewed. Duritig
study period, an average 15 patients were refeangdtransported to Accident & Emergency centre itiyafe
transport. It was established further that onlg¢hpatients per day were transported to KATH by N8&urce:
Biostatistics Unit of the Accident & Emergency aent KATH). Prior to the interviews and adminisimat of

the questionnaires, the KATH ambulance centre gexlian opportunity for a fieldtrip when there wasal for

an emergency service. This enabled us to experidreananner they went about their operations aed th
challenges involved in the provision of medical egescy services. Standardized structured pre-tested
questionnaires were administered to the variowesgcaies of staff of NAS with a response rate of 98%o0, the
duty roaster of staff of the Accident & Emergeneyntte was used as team heads and every 3rd apeisiins

on the roster answered the questionnaires. Siwilavery 2nd patient/relative brought in daily ehgriworking
hours excluding weekends by the NAS answered thstiunnaires. Thus, the data collection exercise deme
between the hours of 9.00am — 5.00pm each dayeinmbnth of June 2014 as and when emergencies were
brought in by the NAS. This period was observetddhe busiest times of both NAS and KATH. A hiehécal
coding scheme was thus used to code the datatpribeir entry for analysis.

3. Results and Discussion

In an attempt to assess the role of the Nationabdlance Service (NAS) in managing emergency medical
services in the Ashanti Region, the private ambrdagervices were also considered in the overalligioms of
quality and reliable ambulance services to any geray situation in terms of technologies, strucure
processes and procedures. It must be stressethéhatain aim of this service is to avoid worsening health
conditions of patients on route to the nearest itaispr health care centre for better definitiveecand treatment.

3.1 Formsof Pre-hospital Care

The study identified pulse checking (or blood ciation), oxygen administration, blood administratio
intravenous infusion, and cardio pulmonary resasioih as the main forms of pre-hospital care. Thers
included treatment for shock and immobilizationpefvic fractures. It was thus clear from the stildgt the
commonest service NAS staff provided just on afrofaemergency scene was always checking of pulge a
sometimes handling of shock and pelvic fracturgse®enting 57.9%. Oxygen administration and intnawvs
infusion featured prominently in many of the eme@ecases (Figure 1). Moreover, blood administrati@s
often and sometimes offered to patients represgri#ti3% and 73.3% respectively whilst cardio pulargn
resuscitation accounted for 13.2% and 86.8%. Howekere was no instance any of these forms neweng
attention by NAS. This is an indication that thevéeal of patients in times of emergencies wholgpdnds on
the responsiveness and preparedness of NAS steffjsile the application of innovative technologigdlls,
professionalism, reliable and sophisticated amtmdlamehicles contributing to stabilizing the coratis of
patients (carrying out CPR) before and during fitansa referral centre.
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It must be emphasized however that the naturertdioecases determined the kind of services tladt of NAS
could offer, and this could be through interactiwith patients, other individuals or physical assemst of
patients. It was established that 39.5% of emenrgeases were through physical assessment whil8¢28.ere
through interaction with the patients. Individuather than patients accounted for 26.3% (Table 1).

Table 1: Modes of determining pre-hospital care

Determinants of pre-hospital care N %
Patients/Relatives (N = 39)

Interaction with patients 11 28.9
Interaction with callers other than patients 10 26.3
Physical assessment 15 39.5
Others 2 53
Total 38 100.0

3.2 Personnel for EMS: NAS and KATH

Personnel have different levels of skills and ariation to provide different interventions in momte of
emergencies. Thus, the 16 ambulance centres hatdlaot 93 members of staff ranging from driversstation
officers with paramedics and control room staffresenting 26.9% and 4.3% respectively (Table 2)s Th
indicates that only few emergencies can be resgbtal®y NAS over a period, and hence a negativecefin
health conditions of patients including death caeesome instances. Also, the highest professignalip that
responded to emergencies was nurses representidip 4and usually with the assistance of healthaasestants
representing 14.3% whilst doctors and orderliesoacted for 19.0% each. These nurses and healthcare
assistants firstly interact with patients and makiequate preparations prior to diagnosis and tesgtioy a
physician.
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Table 2: Personnel involved in the provision of EM&t NAS centre and KATH

Category of Personnel N %
NAS Staff (N = 42)

Managers/Station Officers 16 17.2
Officers 2" in Command 16 17.2
Operations/Paramedics 25 26.9
Control Room 4 4.3
Drivers 32 34.4
KATH Staff (N = 105)

Doctors 20 19.0
Nurses 50 47.6
Healthcare Assistants 15 14.3
Orderlies 20 19.0

Moreover, the study established that despite tladleriges faced by NAS and KATH in the provisionqoglity
EMS especially in times of motor accidents, pragenafforts were made to improve health conditioris o
patients on arrival at accident scenes and duramsit by NAS staff and at the referral centre ATK staff.
Picture coverage of an instance of a motor acciderihg the study period was included in this sttmgxhibit
roles played by both staff of NAS and KATH duringch emergency situations (Figure 2 and Figure 3).
However, there were other cases presented to KATHdbh private ambulance services and NAS durirg th
study period. These included 40% trauma cases, B®&%ical conditions, 15% burns cases, and 5% each on
urological and neurological cases. This was evigdrgn 76.2% of the referral staff claimed that tbé&gn rely

on the services of other ambulance services ipibeision of EMS.
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3.3 Role of Time in EMS

Time in EMS operations is as essential as treatgnginen to patients in times of emergencies suctasdiac
arrest or obstetric emergency. In Ghana, respondetransportation times affect significantly theswal of
patients needing immediate medical care. Alsofination time to emergency scenes was establishée tess
than an hour. Evidently, the poor nature of thedsoand indiscipline on the part of other motoristpeded
smooth runs of NAS including private ambulance e These accounted for a high attrition rat@@B%.
Thus, referral cases become highly technical apthisbcated demanding greater attention at the distti and
Emergency Unit of KATH. Also, ambulance offload aglin some cases affected patients’ conditions, and
pointed out by Coonesgt al. (2013), this does not only affect patients’ suabirate but also the speedy work of
clinicians and physicians.

3.4 Road and Traffic Distractions

In Ghana, ambulances mainly use public roads teeyppatients to referral centres regardless ofdbation of
accidents or referring health centres. It was cleam the study that the bad nature of the pubtiads
significantly affected the ‘golden hour’ in respeat potholes characterizing many of these accessisio
Moreover, traffic congestion, poor maps, poor restiél addresses, impeding structures and poor saath
mostly increased the response time. Besides slowown movement of ambulances, condition of patients
sometimes got deteriorated as a result of the bada of the roads and unexpected delays durimgitrto the
referral centre, and this also accounted for aigaricrease of 7% attrition rate. This was obsdri@be cases
from mostly district government hospitals, polyas remote health centres, and private clinics lamshitals.
Further, irresponsible behaviours of other roadsusspecially motorists increase the transport tamehey
refused to yield to ambulances when transportirigipis to KATH.

3.5 The Role of Private Ambulances

Private ambulances contribute significantly to ekerall ambulance services. It was obvious thatyhmivately
acclaimed ambulances were really hearse vehiclesagly meant to convey corpses from health centoes
cemeteries. They exhibit varying ambulance col@nd with very little technologies for life suppoMany of
these vehicles used same serine just like thoBRA&E, and this amounted to an abuse of the relevahtiee use
of serine. This further affected adherence of nisteto national ambulance vehicles. Other vehithas acted
as ambulances in some cases were establishedeithbea commercial vehicle such as taxi, mini-¢&otro’)
or an individual private vehicle. In this situatjonany patients were mishandled before and duranpit to the
referral centre. As a result, the study identifiklee death cases during the time of the studyh Sarc
involvement of these unqualified vehicles and pensb could be attributed to inadequate ambulances a
delays in response to national ambulance services

3.6 Technologies for Pre-hospital Care and Life Syport

Provision of modern technological devices and melsiblutions in ambulances optimizes the works dhbo
referral centres and the ambulance services. Shimé important means to deploy a solution forrdad-time
transmission of patient data from ambulances terraf centres prior to patients’ arrival at theeredl centres. It
was clear from the analysis that paramedics ®#brt to paper records representing 73.7% instéadobile
tablet PCs and Windows operating system that eagiik on standard public mobile networks via wissle
technology, giving the referral centre more visipilabout inbound patients prior to arrival. Thisopdes
reliable and standard data for analysis and evaluan a variety of emergency cases brought toréfierral
centres.

Communication is paramount to effective and queltityS delivery. Thus, the communication devices used
the referral centre included mobile phones, netedrkomputers, radio equipment and fixed telephgatems.
The use of fixed telephone lines to reach ambulane& any time on operations dominated represe®ing%,
and this included inter-referral centres. Thisabofved by mobile phones representing 22.1% with tise of
networked computers and radio equipment represgeati®? and 5.4% respectively. This is perhaps @Esuait
of the dedicated nature of the fixed telephoneslif@ both internal and external communication psgs. It
must be emphasized that these mobile phones wétemndedicated ones nor owned by ambulance ceatres
referral centres but rather individual paramediud @eferral centre staff.

As regards technologies onboard the ambulance leshi¢oldable stretcher, suction machine, automatic
defibrillator, and intubation were identified. Tlref the ambulance vehicles had broken down anthanthree
had been decommissioned, an indication of poor teaémce practice. In the case of retro-reflectiaintp
technology, the ambulance vehicles exhibit yellaoar more than red with audible and visual ligtarming
technologies frequently used to alert other mot®rishus, the overall ambulance service equipmeastnated to
be 37.2% in respect of the adequacy, reliabiligilability and ultramodern nature of equipmentisTaffected
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the attrition rate of patients either in transitoorarrival at the referral center. There was rfowsoe solution for
real-time transmission of patient data from ambedanto the referral centre. The study revealed86% of the
cases were from community based clinics, hospétats primary health centres, and that the absentéobfle
Data Terminal (MDT) further affected the ‘goldenulnobecause officers could not synchronize, locatel
dispatch the closest available resource to emeygsenenes. Besides, paper-based records were sasetim
incomplete, inaccurate and illegible, and that #malyses of the data originally recorded were sinest
misrepresentations of actual patients’ conditio@sher medical technologies in poor state or abseste
Continuous Positive Airway Pressure (CPAP) devitigsaosseous Infusion Systems (11S) and cardiacitocs.
It was observed that the cardiac monitors wereegptipped with Bluetooth technology which is reqdite
allow ambulances and referral centre to share ERfGrmation in real time with doctors, cardiologistésd
nurses. In addition, the National Ambulance Serl@émked the integration of Geographic Informatioyst®m
(GIS), Global Positioning System (GPS) and Globat&m for Mobile communication (GSM) technologies f
a better time performance.

4. Conclusion and Recommendations

The provision of pre-hospital emergency care ig/y@aramount at any level of healthcare deliverye NAS
plays key role in the provision of standardizechdat pre-hospital emergency care for analysis aabliation to
aid quick diagnosis and treatment of patients prarted to KATH. Lack of effective real-time transwsion of
patients’ data from ambulances to KATH affected pheparation and readiness of doctors and nursbgling
orderlies in offering treatment to patients on\atiat KATH. This paper recommends evidence-basadtioe
supported by mobile solutions in ambulances (suctablet PC solution connected to public netwonictuiding
GPRS) as key to driving efficiencies and improvetsén pre-hospital emergency care. Thus, NAS shbeld
provided with the state-of-the-art technologies &imel capacity to maintain such technologies inclgdihe
ambulance vehicles. The integration of GIS, GPS &8M technologies provides a strong basis for the
application of telemedicine in pre-hospital cargiemment, and this explained the suggestion madarbadi-
Obi et al. (2014) in the use of real-time video-based infation simplifying the work of physicians and nurses
in particular. Quality training of paramedics thgburegular workshops, seminars, conferences, aachational
programmes strengthens the NAS in handling all foofrpre-hospital care.

To improve response time, the Ministry of Healtlep@rtments, Agencies, NGOs and other stakeholtierdds
work at improving access to referral centres imteof good roads, free flow of traffic through tge of Radio
Data System (RDS), reliable traffic lights, relialbhaps, use of LEDs lights on ambulances, roads sigic.
Further, the NAS should effectively partner the @aPolice Service and the National Fire Service in
establishing policies that holistically improve tresponse time not only in cases of motor accidbatsalso
other forms of accidents in which life is at sta&évil education is needed to be given to all roaérs so as to
create more awareness about yielding to ambulawbesher private or national. Moreover, the NAS dtou
collaborate with the private ambulance service ffergrofessional training to help eliminate attnit related
problems or reduce death rate. This means thaateriambulance vehicles must be thoroughly examined,
registered and passed mission test before becooparptional to serve the community, hospitals,icdirand
other health centres. Thus, there is the need fegalatory body together with the NAS to ensuraligy EMS
delivery.

Also, effective communication through the use oprapriate technologies should be deployed to estatal
strong platform for information exchange and delvéetween KATH and health care centres, private
ambulance service, and NAS. It is important to easpte that air ambulance should be provided indiwfe
fatal accidents because there are numerous physipaldiments and bad behaviours of other road ubeits
disrupt movements of road ambulance. Though thed&ot and Emergency Unit of KATH has the facility t
allow air ambulance to land on top of the A&E binlgl for quick access to patients and treatmentsunch
occurrences of using the facility had been recardieceffect, health authorities need to utilize fhaeility to
minimize or eradicate deaths associated with detafgMS operations.
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