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ABSTRACT

AccesstoqualityhealthcareisamajorprobleminSub-SaharanAfricawithadoctor-to-patientratio
ashighas1:50,000,whichisfarabovetherecommendedratiobytheWorldHealthOrganization
(WHO)whichis1:600.Thishasbeenaggravatedbythelackofaccesstocriticalinfrastructuressuch
asthehealthcarefacilities,roads,electricity,andmanyotherfactors.Eveniftheseinfrastructuresare
provided,thenumberofmedicalpractitionerstocaterforthegrowingpopulationofthesecountries
isnotsufficient.Inthisarticle,howinformationandcommunicationtechnology(ICT)canbeused
todriveasustainablehealthcaredeliverysystemthroughtheintroductionandpromotionofVirtual
Clinicsandvarioushealthinformationsystemssuchasmobilehealthandelectronichealthrecord
systemsintothehealthcareindustryinSub-SaharanAfricaispresented.Furthermore,thearticle
suggests ways of attaining successful implementation of telemedicine applications /services and
remotehealthcarefacilitiesinAfrica.
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INTRoDUCTIoN

Developing countries are characterized with low Human Development Index (HDI) relative to
developedcountries.TheHDIcompositionincludeslifeexpectancyatbirth,education,andpercapita
income.AmongtheglobalrankingoftheHDIwithinthedevelopingnations,Sub-SaharanAfrica
hastheleastasover60%ofAfricanpopulationresidesintheruralcommunities,characterizedby
poorinfrastructure,lowincome,adverselyscatteredbuildings,lowliteracylevel,extremepoverty,
higherlevelofinequalityresultingfromunequalaccessandsoon(Adediran,Opadiji,Faruk,&Bello,
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2016).SubSaharanAfricaalsolackaccesstoqualityhealthcareservices.Infact,nearlyhalfofthe
WorldHealthOrganization (WHO)member states indevelopingcountries (44%)have less than
1doctorper1000patients,whichisabovetheWHOrecommendedratioof1:600(WHO,Global
HealthObservatory (GHO)Data,2016).For example, thedoctor-to-patient ratio inMalawi and
Tanzaniais1:50,000,whileinLiberiaandMozambiqueitis1:35,000(WHO,Ahealthtelematics
policyinsupportofWHO’sHealth-For-Allstrategyforglobalhealthdevelopment:reportofthe
WHOgroupconsultationonhealthtelematics,1998).Therefore,eveniftheseinfrastructuresare
provided,thenumberofmedicalpractitionerstocaterforthegrowingpopulationofthesecountries
isnotsufficient.However,thegrowingimpactsoftelemedicinehaveshownsomepositiveeffectin
thehealthcaredeliverysystem,particularlyfordevelopingcountries.Thisisbecauseinformationand
communicationtechnology(ICT)canbeusedtodriveasustainableandveritablesystemthroughthe
introductionandpromotionoftelemedicineandintegrationofvarioushealthinformationsystems
suchastheelectronic/mobilehealthandelectronichealthrecordsystems.

Forsuccessfulimplementationoftheseinitiativesinsub-SaharanAfrica,alow-costplatforms
andsystemsarerequired.Inadditiontothis,theapplicationsusedinaccessingthisservicemustbe
reliableandscalable.Thisisbecauseofsomeofthepeculiaritiesofthisregionsuchaslarge-scale
poverty,amongotherfactors.Itwouldalsorequiresustainableandcompetitivebusinessmodelsthat
wouldenabletheprivateinvestorstokeyintotheprogramme.Privatesectorinvestmentiscritical
tothesuccessoftheseplatformsbecausemostgovernmentinSub-SaharanAfricalackthefund,
expertiseorwillingnesstodrivethistypeofinitiative.Furthermore,thesuccessandlikelytake-up
of such initiativeswould require appropriate communication campaign for the endusers for the
adoptionandpromotionofvirtualclinicsande-healthsystem.Thisrequiresassessingthecurrent
knowledgebaseofruraldwellersaboutthevirtualclinicsservicesande-healthandalso,toidentify
health-relatedproblemsthatcanbesolvedremotely.

Thisarticle,therefore,aimstodevelopaframeworkforsustainablehealthcaredelivery(including
healtheducation)throughdevelopment,implementationandpromotionofICTinthehealthcare
systems.Implementationframework,technicalrequirementsforthedevelopmentofvirtualclinics,
barriers to practice of telemedicine in developing countries, possible challenges that may be
encounteredduringtheimplementationofvirtualclinicsindevelopingcountries,sometelemedicine
casestudiesareallprovided.Provisionsareequallymadeforresearchdirectionsandopenissuesfor
thesuccessfulimplementationandintegrationoftheICTinthehealthcaresystem.

oVeRVIew oF GLoBAL HUMAN DeVeLoPMeNT INDeX (HDI)

HumanDevelopmentIndex(HDI)isastatisticaltoolusedtomeasuretheoverallachievementina
country’ssocialandeconomicdimensionssuchasthehealthofpeople,theirlevelofeducationand
standardofliving(Nations,2016);(Bray,Jemal,Grey,Ferlay,&Forman,2012).Themainindicators
arelifeexpectancyforhealth,expectedyearsofschoolingaswellastheactualyearsofschooling
foreducation,andtheGrossNationalIncome(GNI)percapitaforthestandardofliving(Kpolovie,
Ewansiha,&Esara,2017).Ahouseholdwithmembersshelteredinawell-furnishedhouse;balanced
dietfoodcookedusingcleancookingfuel;withaccesstostableelectricity;cleanandportablewater;
privatetoiletswouldberatedhighintermsofHDIindex.Figure1showstheglobalHDIfromthe
UNDP 2017 Report (Programme, 2017). This figure shows that Africa has the least HDI when
comparedtootherregions.

According to the United Nations Development Project Report (Programme, 2017), Nigeria
hadanHDIof0.527in2015whichisabovetheaverageof0.497forcountriesinthelowhuman
developmentgroup.ThelifeexpectancyatbirthforNigeriaisthelowestat53.1whencomparedto
DemocraticRepublicofCongoof59.1,Ethiopiaof64.6andevenlowerthantheaverageforSub-
SaharanAfricaof58.9.ThelifeexpectancyvalueintermsoftheGenderDevelopmentIndex(GDI)
hadNigeriahavingthelowestvalueat53.4and52.7forboththefemaleandmalerespectivelyin
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comparisontoCongowhichhad60.5and57.6,Ethiopiahad66.6and62.7andSub-SaharanAfrica
had60.2and57.6,respectively.LifeexpectancyinyearsasacomponentandanindicatorofHDI
wascalculatedandfixedat20forminimumand85formaximum.National-levelHDIsarecreatedto
reflecttheprioritiesandproblemsrelevanttotheconcernedcountry’slevelofdevelopment.However,
thegeneraltrendshowsAfricastillhastheleastlifeexpectancyasshowninFigure2(Santos,2011).

Table1presents thepopulationgrowth rate (%), birth rate (per1000), infantmortality rate
(per1000),deathrate(per1000),lifeexpectancyatbirth(inyears),%ofGDPonHealth(WHO
recommends5%)andGDPpercapita(inUSdollars),forthreecountrieswhichareselectedperregion
oftheAfricacontinentmakingatotaloffifteencountries.Malawihasmorelivebirthsatarateof
41whencomparedtothebirthrateofLibyawhichis17.5andthelowestamongallthecountries
considered.MorechildrenundertheageofoneyeardiedinChadwithaninfantmortalityrateof85.4
whilethecountrythatrecordedthefewestnumberofdeathsamongchildrenundertheageofoneis
Libyawithaninfantmortalityrateof10.8.ChadfromtheCentralAfricahasthehighestnumberof
deathof13.8inapopulationof1000whiletheleastdeathrateisrecordedintheNorthernAfrica
regionwithLibyarecordingjust3.6deathsinapopulationof1000peryear.Libyahastheleast
populationgrowthrateof0.04%amongthewholefifteencountriesconsidered,whileChadhasthe
highestrateof3.31%accordingtotheUNlist.Thelowestlifeexpectancyof50.2meansthatChad
citizensmayliveuptotheageof50.2year,whileMoroccohasthehighestprobabilityoflivinglonger
withalifeexpectancyof76.9years.

OnlytheNorthernregionconformsmoretothe5%ofGDPonHealthrecommendedbyWHO,
with5.6%,5%and5.9%forEgypt,LibyaandMoroccorespectively,whileGabonfromtheCentral
Africahavingtheleastwith3.4%.ThesameGabon,whichsurprisinglyhasthehighestGDPpercapital
of$19300,whilearidiculous$900isrecordedforLiberiafromtheWesternpartofthecontinent.

Figure 1. Human development index (Programme, 2017)
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Figure 2. Life expectancy list (Santos, 2011)

Table 1. Life expectancy list (Santos, 2011)

Factors/
Countries

Population 
Growth 
Rate% 
(2010 – 

2015 List 
by the UN)

Birth Rate 
(per 1000)

Infant 
Mortality 
Rate (per 

1000)

Death Rate 
(per 1000)

Life 
Expectancy 
at Birth (in 

Years)

% of GDP 
on Health 

(WHO 
Recommends 

5%)

GDP per 
Capita 

(in USD)

World
Standard 1.14 18.5 49.4 7.8 71.5 5 15800

Egypt 2.18 29.6 19 4.6 72.7 5.6 13000

Libya 0.04 17.5 10.8 3.6 76.5 5 9800

Morocco 1.37 17.7 21.9 4.9 76.9 5.9 8600

Ethiopia 2.53 36.5 49.6 7.7 62.2 4.9 2100

Tanzania 3.16 35.6 39.9 7.6 62.2 5.6 3300

Malawi 3.06 41 43.4 7.9 61.2 11.4 1200

Nigeria 2.67 36.9 69.8 12.4 53.4 3.7 5900

Liberia 2.58 38.3 52.2 7.6 59 10 900

Ghana 2.39 30.5 35.2 7 66.6 3.6 4600

Republicof
theCongo 2.56 34.4 54.9 9.5 59.3 5.2 6700

Chad 3.31 35.6 85.4 13.8 50.2 3.6 2400

Gabon 2.25 34.2 44.1 13 52.1 3.4 19300

Botswana 1.99 22.1 29.6 9.6 54.5 5.4 18100

Namibia 2.28 27.3 35.1 7.9 63.6 8.9 11500

South
Africa 1.08 20.2 31 9.4 63.1 8.8 13400
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THe NeeD FoR VIRTUAL CLINICS

ThereareanumberofreasonsforproposingtheuseofVirtualClinicsinAfrica.Accordingtothe
2006WorldHealthReport,“Africahas24%oftheworld’sburdenofdiseasebutonly3%ofhealth
workerscommandinglessthan1%ofworldhealthexpenditure(WHO,GlobalHealthObservatory
(GHO)Data,2016).Furthermore,mostcountriesinAfricaaredevelopingeconomiescharacteriseby
lackofbasicinfrastructure,poverty,increaseinpopulationandhighratioofdoctortopatient.60%of
Africanslivesinruralcommunitieswithgrosslyinadequatehealthcarefacilities.Theinadequacyand
sometimeslackofbasichealthcarefacilityinsomeoftheruralcommunitiesinAfricaespeciallyin
SubSaharaAfricahaspreventedspecialisedcareinsomecommunities.Thismadealotoftherural
communitiestobemorevulnerabletolatediscoveryofailmentandaccesstobasichealthcaresystem
(Sood,2002).VirtualClinicoffersadrasticsolutiontothegrossinadequateaccesstohealthcare
deliveryinAfricabecauseitallowsformedicalexaminationsofpatientswhilealsoallowingthe
provisionofadditionalsupportfromanoff-siteexpert.Thiscanhelpinearlierdiagnosisandquicker
careespeciallyfordiseaseslikecanceranddiabetes.Virtualclinicswouldalsoprovideaplatform
foreducatingtheyoungmedicalpersonnelbytheleadingexpertsinhealthandmedicinewhilealso
providingaplatformforeffectivelyfacilitatingresearchoveralargergeographicarea.

CoNCePTUALIZING VIRTUAL CLINICS

TherehavebeenlotsofliteraturesthatcoinedaworddescribingtheuseofICTinmedicaldiagnosis
andtreatment.Insomeliteratures,Telehealthwereused,whilesomeTelemedicine.(Della,2001);
(Adebayo,Faruk,&Ayeni,2013);(Strehle&Shabde,2002).Inthisframework,VirtualClinicsare
clinicswithoutborder,where remotepatientscanaccessmedicalpractitioners;diagnosiscanbe
undertakenremotelyviathehelpofparamedicswithinthevirtualclinics.Essentially,thevirtual
clinicswillconsistofbuildingfullydigitizedwithvideoconferencingfacilitiesandbasictelemedicine
equipment.SomeoftheseequipmentaredescribedinIndian’sprototypewhichconsistofsolarpowered
tele-centresequippedwithportabletelemedicineworkstationsforrecordingelectrocardiogram,blood
pressure,heartbeatrate(Pal,Mbarika,Datta,&McCoy,2005).InadvancedeconomysuchasUSA,
virtualclinicmodelsofmentalhealthareunderinvestigations(Beck,Manderscheid,&Buerhaus,
2018).Thisclearlyshowthecommitmentacrosstheglobeinthisarea.Inthesameway,recentstudy
showsthattheconceptofvirtualclinicisgettingmoreacceptanceamongdiabeticpatientsinthe
USA(Ahnood,Souriti,&Williams,2018).

BeNeFITS AND SeRVICeS oF VIRTUAL CLINICS

Thefollowingaresomeofthebenefitsprovidedbyvirtualclinics:

• Provision of Clinical Supports:Remoteandrealtimedirectpatientcarewillbeprovidedwhere
health careprofessionalsdiagnosepatients remotely throughvideoconferencingwithdirect
conversations.Thishelpstoovercomethegeographicalbarriers,connectingpatientswhoare
notinthesamephysicallocationwiththehealthcareprofessionals;

• Clinical Data Transfer:Sharingofcompressedvideo,audio,medicaldatasuchasscanned
X-ray,ultrasoundandcompressedimagesfromoneclinictoanother;

• Patient Monitoring:Diseasesurveillanceandpatientmonitoringarepreventivemeasures.These
helpinprovidingusefulinformationthatareneededforearlydetectionofepidemicoutbreak
andtacticalactionsforeffectivecontrol;

• Health Information, Education, and Specialist Referral:Increasinguseofdigitaltechnologies
inhealthsystems-onlinepatientrecordskeeping,clinicaldatadigitalizationandonwardelectronic
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transmission,andappointmentremindersbySMS-havenotonlyreducedhealthresourcesand
expenditurebuthaveequallyincreasedinvolvementofpatientsandlaypersonnel.Healtheducation
andspecialistreferralcouldbeenhancedthroughvirtualclinicimplementationandintegration.

TeCHNICAL ReQUIReMeNTS FoR VIRTUAL CLINICS

Thetechnicalrequirementsforthevirtualclinicswoulddependonthetypeoftelehealthservicesto
beprovided.However,eachclinicmustsatisfytheminimumrequirementstoprovidethequalityof
servicesandguarantyavailability.Someofthesearesummarizedas:

• Network Connectivity:HighSpeedBroadbandInternetisnecessary;thenetworkmusthave
sufficientbandwidthtosupportrealtimedelayintolerantapplicationssuchasaudio.Thenetwork
mustbereliableandcapableofprovidingserviceswithminimaldelay,jitterandpacketlosses.
Itmustalsosupporttransmissionofcompressedvideo,audioandpatientdata.Foroptimum
evaluation,aminimumof768kbpstransmissionspeedisrequired(Adebayo,Faruk,&Ayeni,
2013) (Adebayo & Faruk, 2013; Adebayo et al., 2013). The connection between the health
professionalandthepatientshouldappearseamlesslyasiftheyarebothinthesamelocation.
Wiredbroadbandconnectivitymaynotbe feasible inmostdevelopingcountriesdue to low
penetrationandneglectsofthelegacywiredbackboneinfrastructure,eventhough,itisthemost
reliableconnection(Faruk,Adediran,&Ayeni,Onthestudyofempiricalpathlossmodelsfor
accuratepredictionofTVsignalforsecondaryusers.,2013).Wirelesscommunicationsystems
can still provide the minimum data requirement. Although backhauling from fibre point of
presenceand/wirelesshubtofarremotevirtualclinicscouldbeanotherbottleneck.Butwiththe
emergenceofSoftwareDefineRadio(SDR)andTelevisionWhiteSpaces(TVWS)technologies
(Faruk,Adediran,&Ayeni,Onthestudyofempiricalpathlossmodelsforaccurateprediction
ofTVsignalforsecondaryusers.,2013)(Faruk,Surajdeen,Kolade,Ayeni,&Adediran,2014),
distanthealthoutpostwillbeconnectedtothesecondaryandtertiaryhealthcentres.Thisbackhaul
networkcanbeextendedtoprovidepoint-to-pointconnectionstothepatient’shomewhereweb-
basede-healthpatientservicescouldbeaccessed.Bothaccessandbackhaulnetworksmustbe
energyefficient.Ahybridapproachmayalsobepossiblewheredistantclusteredvillagesmacro
basestationcouldbebackhauledusinglongrangeWi-Fiorpoint-to-pointmicrowaveunitsand
eachofthevillageswillhaveasmallcelldeployedwithintheumbrellacoverageareaofthe
macroBTS.Thisapproachiscalledself-backhaulingandhasbeenfoundtobeenergyefficient
whencomparedtotheexistingbackhaulsystems(Faruk,Ruttik,Mutafungwa,&Jäntti,2016).
Inaddition,thereshouldbeareliableend-to-endconnectivitynetworksbetweenVCs;

• Video Conferencing and Imaging Technology Facilities:Videoconferencingfacilitiesare
neededforrealtimecommunicationbetweenthehealthcareprofessionalsandtheremotepatients;

• Health Information System (HIS): HIS is a group of electronic medical records (EMR),
electronichealthrecords(EHR),andpersonalhealthrecords(PHC).TheEHRprovidespatients
health information; these include medical history, contact, hospitalizations and insurance
information,familyhistory,listofmedicationstakenorcurrentlyprescribed,andallergies(Bello,
Opadiji,Faruk,&Adediran,2016);

• Interoperability, Privacy, and Security: The ICT infrastructures and facilities must be
interoperable.Theprivacyandpatient’sconfidentialityrequirementsasproperlyfollowedinthe
conventionalhospitalmustbeappliedinthiscasewithstrictcompliance.Thevideoconferencing
systems,databases,work stations shouldbeencrypted toprovideadequate security for the
patientrecords;

• Reliable Power Supply:Theclinicsmusthaveaccesstoreliable,cleanandsustainablepower
supply at least during the consultations. Generally, there is power deficit in Africa and the
dominantofthepeoplewithoutaccessareinruralandisolatedareaswhicharecharacterised
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withhighratesofpoverty,lowincome,lackofsupportinginfrastructureandextremeterrain
featuresmakingitchallengingtoextendtheelectricgrid.Furthermore,themarketneedsandlack
ofaccesstofinancialresourcesarealsoconstraints.Although,ordinarily,thecostofsupplying
grid-basedelectricitytotheselocations,shouldbelesswhencomparedtoalternativeoff-grid
options,but,inmostcases,thedistancesoftheseremotelocationstothenearbytransmissionand
distributionlinesarebeyondwhatcouldbesustained.Stand-alonemicrogridscouldbeviable
optionfornearbyclustersofvillages.Also,theclinicscouldbedesignedinsuchawaythatthe
powerconsumptionofthefacilitiesisoptimumandcouldbesustainablypoweredbysolarpower
(Abdulkarim,&Abdelkader,2017).

DATA RATeS ReQUIReMeNTS AND eND-To-
eND VIRTUAL CLINICS CoNNeCTIVITy

Consideringthefeasibilityoftelemedicine,adoptionandimplementationwouldcertainlydependon
theavailabletelecommunicationinfrastructurethatwouldsustaintheservices.Thiswillhowever,
dependonhowwellthehealthcaresystemisabletoeffectivelyexploitthecapabilitiesoftheICT.
Althoughtheglobalstrivetobridgetheaccessgapisgrowingandthishasbeenthegiantstriveof
theSustainableDevelopmentGoals(SDGs)(Griggs,etal.,2013)(However,universalaccesshasnot
beenachievedastherearestilllargepercentagesofthecommunitiesparticularlyinthedeveloping
countriesthatarecurrentlyunderserved.Sometechnologyoptionsanduniversalmodelsthatwould
providesustainableandcost-effectiveaccessopportunitiesinAfricawerehighlightedby(Faruk,
2017);(Bello,Faruk,&Segun,2016)(Adediranetal.,2016;Belloet.al.,2016;Faruketal.,2017).
ThesemodelswerebasedonthefieldcampaignsundertakeninsomeruralcommunitiesinNigeria.
Table2illustratesasampleofsomecommonbasicandmedicalservicesandmedicaldevicesthat
areusedintelemedicineandtheirdataraterequirements.

InFigure3,end-to-endconnectivityforthevirtualclinicsisprovided.Consideringenergyand
backhaulcostsissuesinmostSub-SaharanAfrica,theframeworkconsidersEnergyEfficient(Green),
TVWhiteSpace(TVWS)broadbandconnectivityNetworkinfrastructure.TheTVWSistheunused
UltraHighFrequency(UHF)TVfrequenciesbyTVlicenseusers.Thisiscreatedasaresultofthe
migrationfromanalogueradiosignalstodigitalTVradiofrequencies.Forexample,mostAfrican

Figure 3. End-to-end virtual clinics connectivity
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regionshavehugeunusedUHFTVfrequenciesabove400MHz.ATVWhiteSpaceDevice(WSD)
isusedtoobtainTVWSfrequenciesasdefinedbytheTVWhiteSpaceDatabase(WSDB),sothat
itwillnotinterferewiththeTVfrequenciesusedbylicensedusers.ThisWSDconvertstheunused
TVWS spectrum, which can travel long distances and penetrate thick barriers, into broadband
connectionsthatcanbeprovidedfreelytoruralandremoteareaswheredeployingfibreopticcables
isquitedifficultand/orexpensive.InFigure3,clustersofvillagescanbegroupedandassignedtoa
singlevirtualclinic.Thesevirtualclinicsarereferredtoasprimaryhealthcentresandhavelogical
connectionstothenearbysecondaryhealthcentresthathavephysicalinfrastructuresandmedical
personnelonground.Criticalandemergencycasescouldalsobereferredtothesecondarycentres.In
asituationwherethecentrescan’thandlethecases,thepatientcanbereferredtothetertiaryhealth
centreswhicharemainlylocatedinthestatecapitals.TheVirtualClinicsgenerally,intendtoconnect
ruraland/orremoteareaswithhealthservicesinthecities,improvingaccesstomedicalpersonnel
toenableremotediagnosis,prompttreatmentand/orreferraltotheexistinghealthfacilitieswhere
promptmedicalservicescouldbegiven.

CHALLeNGeS oF VIRTUAL CLINICS IN DeVeLoPING CoUNTRIeS

Inrealsenseofit,telemedicinehasthepotentialtodeliverhealthcaretoruralareasofAfrica.In
general,ithasthepotentialofeliminatinganumberofcostssuchastravelexpenses,hospitalbills,
andpatienttransfer.However,certainchallengesshouldbeovercomeinordertotapthefullpotential
oftelemedicineinAfrica.Thissectiondiscussesthechallengesasfollows:

• Lack of International Framework: InAfrica efforts shouldbe inplace to enablemedical
personneltodeliverservicesoutsidetheirareasofjurisdictions;

• Code Development:Anotherareaofconcernisthedevelopmentofcodesthatcouldonlybe
recognizedbythemedicalpersonnelsuchthatinternationaltransferofpatientfileswouldbe
areality.ThiscouldbeachievedwithhelpofSkype,videoconferencingetcwithoutbreaching
patientconfidentiality.Africancountriescansimplyreviewandadoptwhatisobtainableinthe
USA,wherethestatemedicalboardfromdifferentstatesdevelopedamodelthatcouldease
licensebarriersbetweenthem,soastoallowthestatesaccessthefacilitiesoftelemedicine;

Table 2. Data rate requirement of common services and devices used by patients in telemedicine (Ackerman, Craft, Ferrante, 
Kratz, & Mandil, 2002)

Devices/Services Data Rate 
Requirements

Feasible 
Technology 

Option
Comments

RealTimeAudioConversation 7.7kbps-87.2kbps Wireless ThisisVoIPcallanddependingonthe
codectype.

RealTimeVideoConversation 768kbps-7Mbps Wireless Dependingontheresolutionofthevideo

DigitalBloodPressureMonitor >10KB(data
size) Wireless Dependingontheresolutionoftheimage

DigitalThermometer <10KB(data
size) Wireless Dependingontheresolutionoftheimage

MagneticResonanceImage 384KB(Image
size) Wireless Dependingontheresolutionoftheimage

Scannedx-ray 1.8MB(size) Wireless Dependingontheresolutionoftheimage

Compressedandfullmotionvideo 384kbps-1.544
Mbps Wireless Dependingonthecompressionalgorithm

andsizeofthevideo
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• Economy Deficiency:Economyisanotherproblemfacingthedevelopmentofdevelopmentof
telemedicineinAfricaanddevelopingcountries.Thelimitedresourceinthesecountriesmakes
itdifficulttohavefacilitiesinplacethatcouldfacilitatethedevelopmentofthistechnology.
Someofthefacilitiesincludeabsenceoftechnology,lackofInternetintheruralareasofthe
developingcountries.However,ruralandremoteareasthatneedtheapplicationsoftelemedicine
remainlargelyunconnected;

Table 3. Case studies

Reference Project Name Location/
Country Services Offered Tele-Facilities Comments

(Weissman,
Zellmer,Gill,
&Wham,
2018)

Aurora
HealthCare,
Departmentof
Medicine

USA/eastern
Wisconsin

Genetic
counselling

Genetics
counsellors(GC)

Theproposedmodel
couldbeusebyother
institutionshaving
shortageofclinical
geneticprofessionals

(Torous&
Hsin,2018) Digital

therapeutic
relationship

USA

Tooltoharness,
expandand
potentialof
Digitalhealthcare

Smartphone
application/
remotesensing
technologies

Investigatesthe
relationshipbetween
technologiesand
digitalhealthcare

(Alkmim,
Marcolini,&
Santos,2013)

Telecardiology StateofMinas
Gerais/Brazil

Tele-monitoring
toimproveHeart
Failure

Tele-
echocardiography

Adoptionofthis
techniqueshasshown
reductionincardiac
relateddiseases
despitethefactthat
about2%ofhomes
havefixedtelephone
lineinAfrica

(Wooton,
2008)

Dermatology Botwana

Remoteassistant
andconsultation
tolocal
dermatologist

Robotic
telepathology

Thistechnique
showsasignificant
knowledgetransfer
betweenthe
consultantandthe
referringdoctor

(Bhosai,
Amza,&
Beido,2012)

Ophthamology Ghana
Monitoringthe
effectivenessof
eye

RetinaCamera
Thismethodreduces
thetransferrateof
eyepatientby80%.

(Mars,
Ramlall,&
Kaliski,2012) Psychiary SouthAfrica

Monitoringthe
mentalstateofan
individual

Videoconferencing
equipment
andadequate
bandwidth

Thisisusedtoreduce
thetimeprisoner
spentinjailawaiting
theassessmentof
adjudicative

(Odedra,
lawrie,Jensen,
&Godman,
1993)

Internetbased
telephathology Uganda

Internetbased
consultationfor
primarydiagnosis
andsecond
opinion

Internetservices
withadequate
bandwidth

Thisservesas
motivationforhealth
serviceproviderand
enhancedawareness

(Yunkap,
2018) Physician

consultationand
referral

Senegal
Useof
telemedicine
technologies

Connectionisby
ISDNthatallows
transmissionof
medicalimages
andothermedical
information

Thisreducesthe
problemofdoctor-
patientratio
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• Lack of Adequate Knowledge:Theknowledgeon the roleof technology is another factor
militatingagainsthigherpenetrationoftelemedicineindevelopingcountries.Thisproblemcould
beaddressedbyorganizing seminarsandconferencesamong thedecisionmakers.Decision
makerscanalwaysmaketheirpoliciesindevelopingcountriesforgovernmentsatalllevelsto
providethenecessarysupports inordertoachievehigherpenetrationsoftelemedicine.Also
doctorsandpatientsneedmoreknowledgeon theadvantages,applicationsandpotentialsof
telemedicineindevelopingcountries;

• Behaviour Change Communication:ThepercentageofpeopleinAfricathatusestheweb-based
mHealthapplicationdesignedtoimproveaccesstohealthinformationisstillrelativelylow.The
impactofthiseffortislargelylimitedbyunavailabilityofaccessiblecontentincontextuallocal
languages.Atbest,lessthanhalfofthedigitalcontentismadeavailableonlyinfewwidely-
spokenlanguages.Inaddition,usagestatisticsrevealedadigitaldivideaccessaremostlylimited
tomostdigitallyconnectedcommunities(Marine,DuLoû,&Méadel,2015);

• Service Delivery:Referralnetworktofacilitywillbechallengingduetopoorcommunication,
lackofauthority,absenceofaformalreferralsystem,andmistrustinpublichealthcarefacilities
(Leon,Schneider,&Daviaud,2012).Also,lacktraininginrecord-keepingandcounsellinglimits
thereliabilityofdata.Integrationofmhealthsuchasdecisionsupportsystems,SMSreminders
andlinkingofhealthrecordswillbechallengingastherolloutwillbelimitedtoonlyareaswith
cellularnetworkcoverage.

Fromtheforegoingdiscussions,therearemanybarrierstopracticeoftelemedicineindeveloping
countries.Thesebarrierscouldbegroupedintotechnological,organizational,humanandeconomical.
Also,themainbarriersarethechangeinthemodelwhichhealthcareprovidersareusingindischarging
theirresponsibilities.Othersincludehealthinformationandbureaucraticdifficulties.Moredetails
ontheoutlineissuesareaspresentedinTable4.

FromtheforegoinganalysisoftheproblemsoftelemedicineinAfrica,itcanbeobservedthat
electricitycouldplayagreatroleinsolvingtheseproblems.Unfortunately,majorityoftheisolated
areasarenotconnectedtonationalgridduetopoverty,lowincome,lackofinfrastructuretomention
just a few. These challenges make extension of the national grid difficult and make standalone
renewableenergymicrogridaviableoption.Amongtheseoptions,windandsolarenergyarethe
mostwidelyproposedrenewableenergysources(Akinbami,2001).

Recentstatisticsbytheinternationalenergyagencyhasshownthatrenewableenergycontribute
16percentofAfrica`selectricity;asinFigure4.Unfortunately,hydropowergenerationaccounts
forapproximately80%ofthecontinent`selectricitygenerationasshowninFigure5.Thesefigures
indicatehowtheisolatedcommunityareleftbehindtheSchemeofthingsinelectricityaccess;and
makehighpenetrationoftelemedicineunrealistic.

However,thepotentialofsolarenergymicrogridsareinvestigated.Propersizingofthesolar
energymicrogridsystemissitespecificanddependsonmanyfactorssuchas theavailabilityof
solarenergypotential, theweatherdata, storagesystem, the loaddemandandothercomponents
(Abdulkarim,Abdelkader,&Morrow,2017)-(AbdulkarimA.,etal.,2018).InFigure6weprovided
thesolarenergypotentialsofsomeAfricancountries.

Recent analysispresentedhas shown that solar radiationaverages4.0−6.5kWh/m2/dayand
sunshine hours averages 1800−3000 h/annum (Sakaha, Diawuo, Katzenbach,& Gyamfi, 2017).
Similarly,inNigeria,thisrangesfrom3.5KW/m/dayto7.0kWh/m2/daywith4-7.5hoursperday
ofsunlightontheaverage(Akorede,O.Ibrahim,Amuda,Otuoze,&Olufeagba,2017).InLiberia,
monthlysolarradiationragesfrom4-6.5kWh/m2/day(Goanue,2009).MostareasinSouthAfrica
receivedaveragesolarradiationrangebetween4.5to6.5kWh,/m2/dayandmorethan2500hoursof
shineperannum(RenewableEnergy,2018).Similarly,Namibiasolarenergyisamongthebestin
theworldwithactualsolarradiationaverageexceeding6kWh/m2/dayand10hoursofshinehours
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Table 4. Barriers to practice of telemedicine in developing countries

Indices Comments

Poverty Uptillnow,reasonablepercentage(about80%)ofthepopulacelivebelowpoverty
line

Communicabledisease DiseasesuchasHIV,malaria,Tuberculosis(TB)andAIDSarestillonthe
increasedespitealleffortsduetopopulationgrowth

Maternalandchildhealth Mortalityrateisstillonthehighsideacrossthecontinent

Violenceandconflict Thecontinentiscategorisedwithcontinuousviolenceandconflicts

Workforceandshortage Numberofcompetenthealthcarepersonnelremainunrealisticallylow

Criticalmass Thecontinentisnotabletobuildtherequiredcapacity

Poordistricthealthinformation
system

Bothresourcesandstaffarenotadequateinthecontinent

Access Lackofhighspeedandothercommunicationfacilitiesremainachallengeto
telemedicine

Cost Highcostofcommunicationequipmentisserioussetbacktotelemedicine
penetration

Literacy Educationandtechnologicaladvancementsarestillatinfancystages

Language Languagevariesbetweenhealthcareprovidersandpatientisaseriousthreat.

Politicalsupport Lackofpoliticalwillandunrealisticassumptioncontributestolowpenetrationof
telemedicine

Electricity Electricitysupplyismostlyunreliable,inadequate,unstableandnotavailable
sometimes

Figure 4. Renewables as share of total electricity generation (Quitzow, Roehrkasten, Jacobs, & Bayer, 2016)
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formorethan300daysperannum(RenewableEnergy,2018).Boswanaisenjoyingabout~3200
hoursofsunshineperyearaveragetotalsolarradiationis21MJ/m2/day(RenewableEnergy,2018).

IneastAfricaEthiopiahas5.58–6.66kWh/m2/daywithaveragesunshineof6hoursperday
(Bogale&Alemayehu,2012).Tanzaniahassimilarpotentialof4-6kWh/m2/daywithanaverageof
8.5sunlightperday(Hammar,2011).Malawaishavingsimilarfiguresof4.20to5.83kWh/m2/day
andaverageof8.0hoursperofsunshine(Senganimalunje&Tenthani,2015).

Similar investigation was carried out for Central Africa in which Congo has high isolation
rangingfrom3.25and6.0kWh/m2/daywith4-5hoursperdayofsunshinehoursperyear(Kusakana,
2016).InsimilarpassionChadhasbetween3and8kWh/m2/dayofsolarradiation(Soulouknga,
Coulibaly,Doka,&Kofane,2017).Finally,Garbonhasbetween4to6kWh/m2/daywithaverage
sunshinehoursofabout6hoursperday.Generaloverviewoftheanalysispresentedhasshowna
greatpotentialofAfricainsolarenergy.Thisisreasonabletoclaimthatelectricityproblemcould
beresolvebyusingsolarenergyresourcesinthecontinent(AbdulkarimA.,Abdelkader,Morrow,
Falade,&Adediran,2017).

IMPLeMeNTATIoN FRAMewoRK

WhilethepotentialofICTstofacilitateabetterhealthservicedeliveryhasbeenemphasisedinthe
literature,itsimplementationhasnotcomewithoutchallengesindifferentenvironments.Thishas
resultedintoseveralimplementationmodels/frameworksbearinginmindthepeculiarityofservices
tobedeliveredandtheexigenciesofthelocationsuchserviceswillbedeployed.Achievingsuccess
with the initiationof telehealth service is notmainlyhinderedby the lackof availability of the
appropriatetechnologicaltoolsinthemarket.Documentedresearchaboundsonthepreponderance
oftoolsandtechnologiesthatsupporttelehealth(Park,2006),(Puskin,Cohen,Ferguson,Krupinski,
&Spaulding,2010), (Chi&Demiris,2015).These technologiessupportsynchronous,storeand
forward,remotemonitoringandmobilehealth/wellnesstelehealthsolutions.Interventionscapableof
beingdeliveredincludeconsultation,education,socialsupport,clinicalcaredelivery,datacollection
andmonitoringpsychosocial/cognitivebehaviouraltherapyamongothers(Shen&Naeim,2017).In

Figure 5. Share of hydropower and other renewables in renewable electricity generation in Africa (Quitzow, Roehrkasten, Jacobs, 
& Bayer, 2016)
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fact,Gradyopinedthatadvancesintechnologyintheareaofhealthcaredeliveryhaveoutpacedthe
rateatwhichsuchtechnologiesareeffectivelyintegratedintoheathcaresystems(Grady,2014).One
ofsuchisthedisruptiveinnovationcapabilityfosteredbytelehealthtechnologies,withcapacityto
bringaboutimprovedoutcomesinsignificantareas.Similarly,(Nagel,Pomerleau,&Penner,2013)
alsoreportedmodalitiesoftelehealthandtherapidevolutionoftechnologiesoutpacingempirical
knowledgegenerationinsupportofnursingpractice(Nagel,Pomerleau,&Penner,2013).

Whereasresearchersin(Schwamm,etal.,2017),concludedthatthebarriersimpedingtelehealth
implementationcanbeorganisedinto3distinctclasseswhicharefinancial,technological,andlegal/
regulatorybarriers(VanDyk,2014).Themajorconcernhasbeenthatofimplementation,which
haselicitedquiteanumberofattentionsfromtheresearchcommunity.Atelehealthsustainability
frameworkpresentedby(Isabalija,Mbarika,&Kituyi,2013)focusedonissuesbotheringonsocial,
institutionaland technologicalenvironment.The interplayof thesewithknowledgemanagement
anddonorinvolvementispostulatedtodeliverasustainabletelehealthprogram(Isabalija,Mbarika,

Figure 6. Solar map of Africa (Solargis, 2018)
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&Kituyi,2013).Afurtherbreakdownofthesecanbeseeninacomprehensivereviewoftelehealth
implementationframeworksof(VanDyk,2014),identifyinganumberofthemestodriveasuccessful
implementation.Theseare:technology(availability,accessibilityandcompetenceinuse);management
of change and organizational behaviour; economics, finances and costs; policy, governance and
legislation;organizationaldesignandservicedesign;societyandcommunity;technologyuseand
acceptance;accessandquality(VanDyk,2014).

Supriyanto (2011) identified standards andbusinessmodels askey requirement tobegiven
attentiontowardssustainableimplementation(Supriyanto,2011).Towardsattainingasustainable
EHRinNigeria,(Bello,Opadiji,Faruk,&Adediran,2016)advocatedforabottomupimplementation
championedbytechnologyenthusiastswithresearchfundinganddonorsupport(Bello,Faruk,O.,&
Segun,2016).Thisistobeinconjunctionwithregulatorybodies,supportedbygovernmentagencies
andembracedbypractitionersandhealthinstitutions.

This further buttress the importance of stakeholders in the implementation of e-health
programmes.Thesestakeholdersasidentifiedby(Charles&Boxerman,2003)includeemployers,
thepatients,careproviders,governmentauthority,insurers,researchersandeducators(Charles&
Boxerman,2003).Thedifferentstakeholdersplaydistinctrolesintheimplementationframework
whichispresentedinTable5.

Byimplication,drivingasuccessfulimplementationrequiresallstakeholderstoplaytheirrole.
Thiscanonlybeensuredwhenthereisaclearlyoutlineddocumentationtopursuetheimplementation.
Italsogoestosaythereisaneedforcoordinationbetweenthee-healthstakeholderswhichhasbeen
identifiedbyRodrigues(Rodrigues,2003).

Aconsolidated frameworkwasprovidedby (Ross,2016).Thiswasbasedon the extraction
fromtheliterature,factorsconsideredtobeimportantfore-healthsuccessfulimplementation.They
are:characteristicsofthee-healthinnovation,outerandinnersetting,individualcharacteristicsand
finallytheprocessesinvolved.Allthesefactorsaremultidimensionalandcouldgreatlyenrichthe
implementationplan.

Aproperarticulationoftheprovisionsoftheseframeworkscanenhancethedeliveryoftelehealth
servicesanddriveasuccessfulimplementation.However,apeculiarcharacteristicoftheNigerian
rural community requires further attention in terms of connectivity and energy supply. While
telecommunicationpenetrationisimprovinginthecountry,theruralcomponentoftheimprovement
isnearnegligible.Similarly,thepoorstateofenergyproductionrequiresspecialattention.Withthese
inmindtheEnd-to-endvirtualclinicsconnectivitypresentedinFigure3.

Table 5. E-health stakeholders role (Charles & Boxerman, 2003)

Stakeholders Activities/Role

Employers Thesecouldbegovernmentorprivateconcerns.Theyareinterestedincostsassociatedwith
providingtheservice

Patients Theirinterestliesontheeaseofinformationaccesswhichreducesthefinancialcostand
timetakenintravellingtohealthfacilities

Careproviders Theyaresaddledwiththeresponsibilityoftimelyandadequateinformationprovisioning.

Governmentauthority Functionsincludestandardregulationanduniformityofservice.Implementationsinpublic
healthfacilitiesisalsodirectlyunderthepurviewofthegovernment

Insurers Interestedinacquiringinformationtobeusedforclaimsaboutapatient

Researchers Focusonresearchopportunitiestostrategicallypositionthehealthsector

Educators Therelevancyandadequacyofcontentdeliveredtopractitionersetc
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CoNCLUSIoN AND ReSeARCH DIReCTIoN/oPeN ISSUeS

ThispaperhasshownhowInformationandCommunicationTechnology(ICT)canbeusedtodrive
asustainableandveritablehealthcaredeliverysystemthroughtheintroductionandpromotionof
Virtual Clinics and integration of various health information systems such asElectronic/Mobile
HealthandElectronicHealthRecordsystemsintothehealthcareindustryinSub-SaharanAfrica.The
paperprovidesaframeworkforsustainablehealthcaredeliverythroughdevelopment,implementation
andpromotionofenergyefficientICTinthehealthcaresystems.Furthermore,thepaperidentified
thatforasuccessfulimplementationoftheseinitiativesinSub-SaharanAfrica,theprivateSector
investmentiscritical.Thisrequiresdisruptiveinnovativeandsustainablebusinessmodelsthatwould
drivetheinvestments.

Thespecificnetworkrequirementsintermsofreliability,bandwidthandavailabilityneedto
beassessedproperlytoguaranteequalityservicestopatients.Researcheffortsareneededtowards,
gatheringandanalysisoftherequirementsnecessaryforelectronichealthrecordsystemdevelopment
andcoordinatingpolicysupport.Aclearcutregulatoryandlegalframeworkforhealthpoliciesis
needed.Thiswillincludedraftingthenecessarylegaldocumentsfortheincorporationespecially
theconstitutionscontaining(Objectivesofthepatients,qualificationofcaregivers,Dutiesofcare
givers,researchers,rightsofpatients,otherethicalconsiderationslikeprotectionofpersonalhealth
data,appointmentoftrusteesetc).

Forsuccessfultake-up,anappropriatecommunicationcampaignfortheendusersforadoption
andpromotionofvirtualClinicsande-healthsystemisneeded.Thisrequirestoassessthecurrent
knowledgebaseof ruraldwellersabout theVirtualClinics servicesande-healthand to identify
health-relatedproblemthatcanbesolvedremotely.Thepaperrecommendstheuseofothermethods
toexploretheuseofvirtualclinicsinAfricawithhelpofquestionerandotherpossibletechniques
available.Thiscouldassistincreatingmoreawarenessinthecontinentandamongpolicymakerin
thecontinent.
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