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Opsomming

Inleiding
In die afgelope 50 jaar het daar wéreldwyd groot, gesentraliseerde fasiliteite tot stand gekom wat

kiiniese laboratoriumdienste teen 'n relatiewe lae koste per toets aan die gesondheidsorgmark
verskaf het In Suid-Afrika was daar die amalgamasie van drie onafhankiike geinkorporeerde
patologie praktyke (Drs. du Buisson & Vennote, Drs. Bruinette, Kramer & Vennote en Dr Bouwer
& Vennote) wat deur die samesmelting van hulle volumes (omsette) en nasionale netwerke
ekonomiee van skaal en omvang wou bewerkstellig. Patologie laboratoriums staar twee
teenoorgestelde uitdagiigs in die gesig. Aan die genka.  van die skaal is daar die verhoogde
verwagtings van die kliénte wat gebruik maak van die lapuratoriums, en aan die ander kant i1s
daar die befondsers wat die laboratoriumdiens teen 'n laer kaste wil hé sonder om kwaliteit
nadelig te beinvioed

Die voordele wat verkry is deur roetine toetse in peritere laboratoriums te doen. is besig om
minder aantreklik te word namate die koste daaraan verbonde om die dienste te verskaf
toeneem. Deur die heringenieurswese van die laboratoriumorganisasie, raak dit al hoe meer
moontlik om die roetine toetse te sentraliseer en om sodoende die koste te verlaag

Klassifikasie van die diens

Die rede waarom 'n toets aangevra word bepaal die verlangde omdraaityd vir resultering. Die
omdraaityd vorm die basis vir di¢ k'assifikasie van die diens. en dit is belangrik om die
omdraaityd in gedagte te hou wanneer daar besiuit moet word of 'n toets gesentralis~« - kan word
al dan nie. Toetse wat 'n omdraaityd, tyd vandat die monster gekollekteer is totda: J @ resultaat
peskikbaar is, van minder as 30 minute verlang, woi! as 'n spoed toets geklassifiseer Toetse
wat nie benodig word vir die onmiddelik= diagnosering van 'n pasién! se toestand nie, en wat 'n
omdraaityd van langer as 6 ure vereis, word as 'n roetine toets geklassifiseer. Toetse met 'n
verlangde omdraaityd van tussen 30 minute en & ure word as dringende toetse geklassifiseer.

Tendense in dis ¢ hedryt

Teen 'n totale koste van meer as R50 miljoen, vir 'n l2boratoriui :7et 'n grootte van tussen 6 000
en 10 000 pasiénte per dag, is totale laboratorium outormaosesie (TLA) onbekostighaar
Aanpasbare outomatisasie maak dit vir die prvate natologie |iirctorium moontik om die
venvacte koste besparing in die kort-, melium- ¢ 1 lang farmyr t2 ehaai
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Aanpasbare outomatisasie behels die konsolidering van meer as een analisator in ‘n enkele

werksel wat ontwerp ‘s om meer werk (volumes en verskeidenheid) teen ‘n hoér spoed met
minder reagense, verbrukbare items en arbeid te verrig Hierdie werkselle 1s hoé deurset
analisators wat noé volumes benodig om die voordele te benut waarvoor hulle ontwerp is
Modulériteit en skaalbaarheid sal verseker dat daar aan die ruimte. volume en menu vereistes
van individuele laboratoriums (gesentraliseerd en gedesentraliseerd) voldoen sal word
Pendelbare resultate verseker dat dieselfde toetse wat op verskillende analisators gedoen is se
resultate uniform verstaan en geinterpreteer sal word

Algemene laboratoriums, soos hulle vandag bestaan, is onder druk van gefokusde lae koste
laboratoriums wat selfs internasionaal kan wees Met die fokus op diens (veral omdraaityd) het
laboratoriums in die verlede teen groot koste gedesentraliseer Daar is vandag 'n hernieude
dryfkrag na minder verskaffers wat die voordele van standaardisasie, makliker administrasie,
beter kwaliteit, meer aantreklike prysbeleid, ensovoorts sal verskaf

i ntralisasi

Desentralisasie lei tot die duplisering van infrastruktuur, ondersteuningsdienste, toerusting en
bestuur. Daar is ‘'n plek vir desentralisasie in die patologie toetsmatriks, hoofsaaklik as gevolg
van operasionele en nie finansiéie beperkings nie. Geografiese isolasie, mark vereistes as
gevolg van kompeterende kragte en die aard van die toetse verlang, is faktore wat sal lei tot die
stigting van 'n gedesentralisaerde laboratorium  Een voordeel van desentralisasie is die
moontlike verlaging in omdraaityd. ‘n Addisionele voordeel is die strategiese of kompeterende
voordeel wat 'n nasionale of internasionale netwerk verskaf

In teensteling met die bogencemde word die volgende voordele geassosieer met die
sentralisasie van die roetine laboratorium aktiwiteite:

* Lae veranderlike, inkrementele, en proses beheer koste per toets.

« Laer totale bedryfskoste.

» Laer totale fout tempo in 'n operateur neutrale en geoutomatiseerde omgewing.

« Kwaliteitsverbetering filosofie

* Operasionele en administratiewe voordeel van gesentraliseerde bestuur.

¢ Beter en makliker kommunikasie.

Die vier viak strategie wat vourjestel word in die Witskrif vir die Transformasie van die
Gesondheidsorgstelsel in Suid-Afrika is niks anders as die gesentraliseerde laboratoriumdiens
wat voorgestel word i1, die literatuur nie, en die belangrikheid hiervan kan gesien word in die
wéreldwye .2ndense van die diagnostiese bedryf. Patologie laboratoriums (openbaar en privaat)
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moet ag slaan op die koste druk en kompeterande druk, of hulle moet hulself gereed maak vir die

erodering van hulle markaandeel deu ander laboratriums wat reeds die weerstand teen
sentralisasie oorkom het Die enigste risiko wat geassosieer kan word met die sentralisasie van
roetine toetse is die verlies in politieke mag van individuele patoloé en laboratorium bestuurders
Die fokus moet nie soseer wees op die koste van sentraliasie nie. maar eerder op die koste
verbonde aan nie-voldoening

Koste struktuur

In Suid-Afrika het die potensiéle verlaging in operasionele koste, deur die amalgamasie van groot
onafhanklike praktyke, nog nie gerealiseer nie Eerstens is daar die devaluasie van die Rand
teen die ander internasionale geldeenhede Aangesien die verskaffers van patologiedienste baie
afhanklik is van invoere (toerusting, verbruikbare tems en reagense) het die devaluasie van die
Rand 'n aansienlike impak gehad op die koste beperking strategieé en winsgewindheid
Tweedens, Suid-Afrika het 'n inflasiesyfer van net onder 6% wat veroorsaak dat die
salarisrekening van die patologie laboratorium jaarliks berfuidend styg Die effek hiervan is groot
as in gedagte gehou word dat die salarisrekening 38% uitmaak van die totale kostes Derdens.
as gevolg van die kompleksiteit van die patologie omgewing @n ook as gevelg van historiese
redes sal dit baie moeilik wees vir die patologie bedryf om van binne te verander 'n Paradigma
skuif in die manier waarop patologiedienste verskz2* word is nodig om die langtermyn
winsgewindheid te verseker

Gelykbreekpunt vir roetine toetse
Dit is duidelik dat die laboratriumbestuur in die algemeen nie weet wat dit kos om sekere roetine
~tse uit te voer nie. Die redes hiervoor is veelvoudig van aard en kan soos volg opgesom word
¢ In die verlede was die k'em op volumes en omset eerder as op die winsgewindheid van die
toetse wat gedoen word.

« Die patologie organisasie is dikwels nie gestruktureer in besigheidsesnhede nie.

* Die inligting wat nodig is om die winsgewindheid van toetse te bereken is of nie beskikbaar
nie of dit kan nie verkry word van die LIS in ‘n formaat wat verstaanbaar is vir die
laboratoriumbestuurder nie.

« Dikwels is d'e laboratriumbestuurder ‘'n mediese tegnoloog sonder enige formele opleiding of
ondervinding in finansiéle bestuur en kosterekening prosedures.

'n Gelykbreek analise van die direkte reagenskoste vir 5 roetine toetse het daarop gewys dat die
geselekteerde toetse selde winsgewind gedoen kan word in die perifere laboratoriums.
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Die voordeie van sentralisasie kan berakk word deur een van twee Scenarios te volg Eerstens

elkeen van die drie bestaande stadsregionale laboratonums (Johannesburg. Pretoria en Durban)
kan cptree as verwysingslaboratoriums vir die roetine werk van die areas waarin hulle gelee s
Spesialiswerk sal dan van een stadsregionale laboratorium na n ander een gestuur word om die
volumes te verhoog sodat ekonomieé van skaal bewerkstellig ka;l word. Tweedens. een sentrale
roetine laboratorium sal optree as verwysingslaboratorium vir alle roetine patoiogie toetse

Hierdie twee scenanos is geévalueer aan die hand van die tegnologie, infrastruktuur. hulpbron,
logistiek, kommunikasie. poiitieke en strategiese beperkings wat inherent deel S van die
Patologie organisasie. Vir die evaluasie van die scenanos is daar aan elkeen van die beperkings
‘N gewig toegeken wat ‘n aanduiding is van die relatiewe belangrikheid van die beperking
Hierdie scenario's is ook geevalueer teen die besigheidsrisiko's, finansigie nsike's, versekerbare
rsiko’s en kliniese risiko's wat betrokke is by die dag-tot-dag funksionering van die patologie
laboratoriums

'n Tabel is opgestel wat aangedui het dat die tweede scenarno, waar 'n enkele sentrale roetine
laboratorium gebruik word, verkies word bo die huidige scenario van . . siadsregionale
laboratoriums. Ndhmm«vmdwmmmrbwabmu nario kan
corkom word deur gebruik te maak van toepaslike tegnologie en behoarlike beplanning
Versekeringsprodukte kan die probleme rondom die strategiese risikos, wat geassosieer word
met natuurlike rampe, aanspreek,
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Die koste daaraan verbonde om monsters te koilzktear, van enige punt In die netwerk na 'n

sentrale punt. is n funksie van die produk van weriike afstand na de punt van waar die
monsters gekollekteer word, en die gewig van die pur! van waar die monsters gekollekteer word
Die totale koste vir die kollektering van monsters van.f alle punte in die netwerk na ‘n sentrale
punt is gelyk aan die som van die bogencemde proc ikic vir alle punte in die netwerk  Die totale
koste bereken voigens die metode hierbo, dui daarop dat Kemotor Park die beste ligging het vir
N sentrale roetine laboratorium Midrand sal die tweede beste ligg 'g hé met 'n totale koste wat
2% hoer is as die van Kempton Park Die totale kollekteringske s:e van Johannesburg (52%) en
Pretoria (22%) s baie hoér as die koste by Kempton Park en }M«i snd

'n Sensitiwiteitsanalise is gedoen om die inviced van die pasiente getallc by elke punt. en die
effek van die verkeer deur Midrand, te beoordeel Die sensitiwiteitsanalise het daarop gewys dat
‘n vermindering in die pasiénte getalle by Kempton Park die skaal ten gunste van Midrand sal
swaai. Die waarskynlikheid dat die volumes by Kempton Park sal verhoog is egter hoer
aangesien werk moontlik vanaf Durban en Kaapstad ingeviieg sal word 'n Relatiewe klein
toename in die pasiénte getalle van Pretoria sal 0ok die skaal ten gunste van Midrand swaai Die
waarskynlikheid hiervan is egter baie klein as gevolg van die toenemende kompetisie in ark
wat reeds versadig is. Slegs indien ie pasiénte getalle in Johannesburg drasties ver 2

die skaal ten gunste van Midrand swaai Wanneer die verkeersdigthede in berekening gebr.:
word, word die haalbaarheid van Midrand as ligging negatief teinviced

Netwerk- en grafiekteorie
Nomm-mgnﬁemomhﬂ‘nwyetoopumgmmmvmlmmmb‘em Daar is toe
mnwmmm&umn«m«nukm«opmbmmv-ndnmm
roetine patologie laboratorium. -nuwmmmouwunmanvs;\m
mummm,mmmm&mn«mmmu
ligging van patologie laboratoriums.

Die moontiike liggings van die sentrale ’Doratorium is aangedui deur hoekpunte (“vertices®). ‘n

mwnmma‘mmmmanbdmhmmmuwm

as een laboratorium verteenwoordig word. Die volgende twee redes ondersteun die aanname:

¢ In die meeste strekc sdiohbombﬁmmbyunmkwmmdbﬁangm
laboratoriums afhanklik is van die ligging van hospitale, kiinieke. spreekkamers van dokters

. mmmwmmmmmwManmmm
na dieselfde sentrale fasiliteit stuur. Aangunndioafsundmdopmfamhbomonumm
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die sentrale laboratorium baie groter is as die afstand tussan de « ere laboratoriums, in ‘n
bepaalde streek. sal die resultaat van die model nie beduidend beinvioed word nie

Die 22 laboratoriums wat 1= noekpunte vz~ die grafiek vorm is die B/ (s~ Rustent: rg- Pretoria-
Potgietersrus-. Pietersburg- neen- Louis Trichardt-, Mvdranp- Krugersdorp oha=resburg-
Kempton Park-, Boksburg- Be oni-, Witbank- Middelburg-. Nelspruit- Potchefs + om- Alterton-
Germiston-, Trichardt-, Springs- en Ermelo laboratoriums

Hierdie hoekpunte is met mekaar verbind deur middel van lyne waarna verwys word as koorde
("edges’) Aangesien ons net belangste! in die eindpunte van die koorde - verkeer kan in beide

rigtings beweeg - is die grafiek n ongerigte grafiek. Die lungte van die koorde wat gebruik word
in die model is geiyk aan die werklike afstand tussen die hoekpunte

Verskillende grootte populasies word verteenwoordig deur elkeen van die hoekpunte en daarom
is dit belangrik dat hulle relatiewe beiangrikheid aangedul word deur 'n gewig Die gemiddelc
aantal pasiénte per maand wat by elke hoekpunt 'n oorsprong het, is gebruik as 'n aanduiding
van die hoekpunt se relatiewe belangrikheid

Klassifikasie van die liggingsprobleem

Die potensiéle ligging van die sentrale fasiliteit kan teoreties op die hoekpunte of op die koorde
van die netwerk wees. Die ondersteuningsdienste waarop die roetine labsratorium staat maak
sluit die verskaffers, betroubare elektrisiteits- en waterbronne, telefone, store. ensovoorts in
Aangcsien hierdie ondersteuningsdienste gewooniik by die hoekpunte gelee is, is daar besluit dat
Jie sentrale fasiliteit ook hier geleé moet wees Die aanvraag vir gesondheidsdienste (hospitale,
“'nieke, spreekkamers. ens. ) is gewoonlik ook by die hoekpunt gelee

&mm,u‘nmwdmsdmoddbm.wabdoolwnfunhhmomdbmkshwm
reiskosic te minimeer. me.bnodigmdwnnabpeﬂbmhborabdum'ndhm
mmmmmmammmm. Tweedens, vir ‘'n sentrale roetine
mhbm,mdhkmdmkwatuwnmmur'nmm
mm.;w-mmdmmmumminMr word. Aangesien beide die
mmmmwdhmMMombmmmdbmwmdbmb
bereien
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Qevomekkmgs £0n aanbevelings

:v:o rla::’zr:;tug:a:fndense slut in die totslanakom-'\g van groter gesentraliseerge patologie

R oesit word deur gesondheidssorggroepe eeder as die huidige opset waar

e net‘ e:::m ednengx raar;deelhouers in die laboratonums s Nieteenstaande die baie

A R gmo:e :;—palolognetoetse te sent_ra.useer sal daar altyd plek wees in
aliseerde toetse

Spyte van hierdie kos: pasien meer ereis
s tedruk is te baie ingelig en v hulle ‘'n beter diens beide in
raaityd en verhoogde inligtingsvereiste van die verslag .
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Die berekening van die middelpunt en mediaan vanaf die kortste-afstand-matriks met behulp van

Floyd se kortste-afstand algoritme. van die laboratorium netwerk het daarop gewys dat die

sentrale roetine patologie laboratorium in Kempton Park gelee moet wees Hierdie aanbeveling

word ondersteun deur n aantal faktore wat in berekening gebring is met die kwalitatiewe analise

Minder as 25% van Ampath se totale omset kom van buite Gauteng

Hierdie perseel 1s in die nabyheid (minder as 5 kilometer) van die Johannesburg
Internasionale Lughawe wat die hoogste frekwensie van inkomende binnelandse vlugte het.
Hierdie perseel verskaf maklike toegang tot die padinfrastruktuur wat die hoofslagaar vorm
van die kollekteringsstelsel

Die huidige fasiliteit is 'n geed ontwerpte laboratorium met genceg spasie om uit te brei met
‘n toename in pasiente getalle Die uitbreiding kan hier geskied teen 'n relatiewe lae koste in
vergelyking met ander persele.

Die meeste van die hoof verskaffers van diagnostiese produkte se hoofkantore is in Gauteng
en dit verseker kort leitye vir toerusting, reagense en verbruikbare items.
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Synopsis J.

Introduction

The past 50 years have seen the world-wide establishment of large and centralised faciities
providing clinical laboratory services at a relatively low cost per test to the heaith care market In
South Africa there has been the amaigamation of three independent pathology groups (Drs. du
Buisson & Partners, Drs Bruinette, Kramer & Partners and Drs Bouwer & Partners) to utilise
their combined volumes and regional networks to achieve economies of scale and scope These
pathology laboratories face the cpposing challenges of increased expectations from professionals
usmgmelabomoqandthednvefromtmMnderso!heanhcaremtdemandafastand
accurate service at a lower cost

The advantages of value adding by performing routine testing at the peripheral sites are declining
as the cost of providing this service increases Through the re-engineering of the organisation
and the integration of the physical and virtual value chain it is becoming increasingly possible to
centralise the routine pathology testsmoroertoconmnmecostofproducing these results

Service classification
Themasonwhyaspoaﬁctestsreques&edbyhonudulpmbmaldmmmhreqwmd
TAT (turn-around-time) mnrmmmummwmmmmw.;
hponunmdehnwnmm:mmbemm Tests that require a TAT of no more
mmmm_mmmmmum.mwsnrm. Tests that are
notmd.dbrtheim.\ediaadmisofmewsmlnd'halrequireaTAToﬂonget
than 6 hours are called routine tests. rmmmnnrofmsommwe
hours are calied urgent tests.

SR i i

NamdeRSOmﬁou,brabhamdohyMﬁooomwOOOpmmsper
day.TLA(TotdLaboruoryAubmuon)isbow Flexible automation is providing the
mmmm»nmbmmwmmnmm..
medium- and long term

Fbmwmm:sﬂuwofmoﬂdaﬂwmmadymmmwumm
mduqnodtodomwak(vdummmus)amgwmmleumgenu.
consumables and labour Thmwmnmhqhmmmmmmw.mn
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volumes to achieve the advantages for which they are designed Modularity ang scalability wil
ensure that space, volume and menu requirements of indvidual laboratories (centralised and
decentralised) are met Commutable results will ensure that tests done on different analysers
will have results that can be uniformly understood and interpreted

Generalist laboratories as we know them today are under threat from focused low-cost
laboratones. which nught or might not be interrational. With the focus on service the path.ology
laboratories have in the past decentralised at great cost. There s a renewed drive to fewer
suppliers that will provide the advantages of standardisation. easier administration, better quality
more attractive pricing policies, etc

Mmmm

Decentralisation leads to the duplication of infrastructure, support services, equipment and
Management. There is place for decentralisation in the pathology-testing matrix mainly due to
operational requirements and not financial constraints. Geographical isolation, market demands
due to competitive forces and the nature of the testing required are factors that will lead to the
establishment of a decentralised laboratory  Decentralisation does however provide the
advantage of a decrease in TAT that can lead to a strategic or competitive advantage through the
provision of a national or international network

In centrast to the above mentioned, centralisation will provide the following advantages:
* Low variable, incremental. and process controi cost per test

* Lower total operating cost.

* Low total error rate in an operator neutral and automated environment.

*  Quality improvement philosophy.

. Opu.mmdmmdvommofc.nmmmmt

* Better and easier communication

mmmummmmmwmmmuw
thmdecmbeminMMddehwmm.
Pwdowhbamm(mwmb)mwmmmmmomm
uueoonmbndmmmwmmommtmmmm
to centralisation. Nnonlydumummounmammmnmmm
wmwmmmmm‘ It is not the cost of
mmmmmmmm«m.mmwmummwm
cost pressures.
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Cost structure
In South Africa the potential reduction in operating cost through the amalgamation of large

independent practices has not yet materialised Firstly. there 1 a continuous devaluation of the
Rand against otner international currencies with no prospect of.any change in this trend Since
the providers cf pathology services are heavily dependert on imports (equipment, ronsumables
and reagents) the devaluation of the Rand has had a negative impact on their cost containment
strategies and therefore their profitability. Secondly, South Africa experiences an inflation rate of
just below 6%. wihich ensures that the pathology service providers are faced with an ever
increasing salary bill (38% of lotal cost) Thirdly, due to the complexity of the pathology
environment and historic reasons it will be very difficult for the pathology practices to chang‘e from
within. A paradigm shit in the way pathology services are provided is therefore necessary to
ensure their long term via hiv

It is obvious that the laboratory management in general does not know the cost involved in

performing certain routine tests. The reasons for this situation are numerous and can be

summarised as follow:

* In ihe past there nas been 2~ emgnasis on patient volumes and turnover rather than on the
profitability of the tests that ara verformed.

* The pathology organisations are often not structured in business units

« The information necessary .o calcu'ate the profitability of the tests are either not available or
cannot be retrieved from the LIS (Laboratory Information System) in a format that can be
understood by the laboratory manage:

« Often the laboratory manager is a nedical technologist without any formal training or
experience in financial management and cc iting pincedures.

A break-aven analysis of the direct reagent cost for a sample of 5 routine tests has indicated that
the selected tests can seldom be performed prufilably at the reripheral laboratories.

Implementation
The advantages of centralisation can be achieved by foliowing one of two scenarios Firstly, each

one of the existing three city regional laboratories (Johannesbur;, Pretoria and Durban) could act
as a reference laboratory for the routine work In the regions in which they are located
Specialised work would be sent from one city regional laboratory to another to achieve
economies of scale by combining their volumes Secondly, cne central routine laboratory in
Gauteng could act as reference laboratory for all the routine patholngy tests.
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These two scerarios were evaluated with reference to the technology, infrasiructure. resource,

logistics, communication, political and strategic constraints that are inherent to the organisation
For the evaluation of the scenarios each one of the constraints were assigned a weight that is an
indication of its relative importance. These scenarios were also evaluated against the business,
financial, insurable and clinical risks involved with the day to day functioning of pathology
laboratories

. weighted table has indicated that the second scenario, in which a central routine laboratory will
be used, is preferred to the existing scenaric of three city regional laboratories. All the problems
associated with scenario two as apposed to scenaro one can be overcome with the selecfion of
suitable technuiogy and proper planning Insurance products will address the issue of strategic
risk associated with natural disasters

A two-way approach was used to find the best location for the routine pathology laboratory
Firstly, a simple network consisting of only four points (regicnal model) was used to conceptualise
the problem Secondly, network and graph theory was used to solve the complete network
representing the 22 laboratory regions ol the Ampath pathology network

Regional model

The two city regional laboratories in Johannesburg and Pretoria as well the Pomona laboratory in
Kempton Fark form the corners of the triangle of this network since they are the existing facilities
that are best suited to accommodate a central routine laboratory. Midrand forms the fourth poin!
and is located on the line connecting Johannesburg and Pretoria. The total monthly patient
volume for each facility was divided by 1000 to obtain a weight representative of it relative
importunce. The total monthly patient volumes for Pretoria, Johannesburg and Kempton Park aro
75 116, 37 789 and 73 346 respectively.

The cost of collecting specimens from any point in the network to a specific point is a function of
the product of the actual distance to that point from which the specimens are collected and the
weight of that point from which the specimens are collected. The total cost of collecting
specimens from all points in the network to a central point is the sum of the above mentioned
products for all points in the network. According to this total cost method the best location for the
central facility will be at Kempton Park. Midrand will pe second best with a total cost that is 2%
higher than that of Kempton Park. The total collection cost at Johannesburg (52%) and Pretoria
(22%) will be much higher than that of Kempton Park and Midrand. Since the faimess of the
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allocation of patients (weights) to the points could be questhoned it was necessary to do a

sensitivity analysis

The sensitivity analysis addressed the varying of the patient volumes and the effect of the traffic
through Midrand. The results showed that a reduction in the number of patients at Kempton Park
would tip the balance in favour of Midrand The chances are actually better that the patient
volumes at Kempton Park will increase due to the possibility of work being flown in from other
major laboratories in Cape Town and Durban A fairly small increase in the patient volumes at
Pretoria will change the result in favour of Midrand. It is however very unlikely that there will be
any significant rise in the patient volumes due to fact that Drs. du Buisson & Partners. is
percentage wise, the strongest pathology practice in the region with very little scope of mcrissmg
its market share. If the patient volume at Johannesburg is increased significantly it will change
the decision in favour of Midrand By bringing the traffic densities into the equation the feasibility
of Midrand as location is reduced quite significantly

Network and graph theory

Since network and graph theory has a wide application in the solution of location problems it was
decided that it would also be used for the investigation into the location of the central routine
pathology laboratory An extensive visit to laboratories in Germany and the United States
showed that advanced algorithms are seldom, if ever, used in establishing or evaluating the
location of pathology laboratories

Thoposubhbcauonnbrmccentrallabomtorymrepmenmdbym A single vertice
msuudtoropnuntmomﬂblelocaﬁonmmswhmAmpammmmunudtymore
mﬂmhmm.mavmmunmnformms

- Inmmmhhmwmmmmmummm.ﬂmmmdmw
llbommdopondunzonmloaﬂon of hospitals, clinics, physician's offices, specialist's
offices, etc.

. lnmmhbonmm‘gbomhbomoﬂuwmmmwmmmm
central facility. wmdmmmmmnmmmu
mmmmmmmmmmmmmmmu
wﬂlnotbtinﬁumcodsignmﬁnuy‘

The 22 laboratories forming the vertices of the graph are the Brits-, Rustenburg-, Pretoria-,
Potgietersrus-, Pietersburg-, Tzaneen-. Louis Trichardt-, Midrand-, Krugersdorp-, Johannesburg-,
Kempton Park-, Boksburg-, Benoni-, Witbank-, Middelburg-, Nelspruit-, Potchefstroom.-. Alberton-,
Germiston-, Trichardt-, Springs- and Ermelo laboratories.



Stellenbosch University https://scholar.sun.ac.za

f XVl

These vertices are connected by lines referred to as edges Since we are only concerned with

the end points of each edge - traffic can move in any direction between the vertices - the resultant
graph is an undirected graph The length of the edges used in the model are equal to the actual
travel distance between the points

Since different size populations are represented by each of these vertices it is important that their
relative importance in the network will be indicated by assigning a weight to every vertice The
average number of patients per month originating from each vertice was used as an indication of
their relative importance

Classification of the location problem

The potential location of the facility could theoretically be on the vertex or anywhere on the
network. The support services that the routine laboratory must rely on include suppliers, reliable
power and water supply. telephones, warehousing, etc. As these are usually located at the
vertices, it was decided that the facility should also be located at the vertice

The location of demand for the health services (hospitals, clinics, physician's offices, etc) are
more likely to be ‘sund on the vertices as it will tend to service highar density populations.

Firstly, as a health service or an emergency service, the objective function will be to minimise
the maximum travel cost. This is necessary in order to provide the peripheral laboratory with the
best possible TAT. Secondly, for a central routine pathology laboratory the cost pressure
exercised by a changing health care environment creates the need to minimise the tota!
maximum cost. Since both the locadon and the demand occur at the vertices in this model it is
necessary to calculate the centre and the median for this problem.

Calculation of vantre and median

The centre is that vertice in the network that is located in such a way that the vertice in the
network that is the furthest away from it is as close as possible. The median is that vertice in the
network that is located in such a way that the total distance to all the other vertices in the network
IS @ minimum.

The shortest distance matrix was calculated by using Floyd's shortest-path algorithm. To allow
for the weights, every column in the shortest distance matrix is multiplied by the weight of the
corresponding vertice. The result is a weighted shortest distance matrix that can be used in the
calculation of the median and centre.
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An Excel spreadsheet was used to calculate the median and centre The median showed no

difference between the first two vertices, namely Midrand and Kempto: Park. with a difference of
only 0.1 percent The centre is much more clear-cut with Kempton Park being more than 4%
better than Midrand. These answers were not surprising keeping in mind the results of the
regional model

Qualitative analysis

A gualitative analysis of Midrand and Kempton Park has shown that the latier would be the most

suitable location for the routine pathology laboratory The main reasons for this are:

» Kempton Park provides easy access to the road infra structure (N1, N3, N12, N17, R21. R24
and R28) that form the arteries for the courier network

« The laboratory technologists and technicians are as a rule more mobile than the non-
technical staff and not so dependent on public transport

* The Kempton Park laboratory is less than 5 kilometres from the Johannesbu:g International
Airport that has the highest frequency of incoming domestic flights and will ensure a TAT of
less than 24 hours

¢« In Kempton Park additional floor space can be acquired at less than 50% of the cost of
equivalent floor space in the Midrand area

* The existing facility at Kempton Park is less than two years old and was designed as a
laboratory.

= Ifthe inbound transportation is considered it is quite clear that reagents and equipment form a
major component. The delivery to the laboratories closely resembles a JIT (just in time)
system with deliveries directly from the Airport.

Conclusions and recommendations

Future trends will include the formation of larger central pathology laboratories owned by health
care groups instead of the traditional pathologist owned laboratories. Notwithstanding the
compelling arguments in favour of centralised routine pathology testing, decentralised testing will
always have its rightful place in the pathology-testing mat:ix.

The very strong demand in terms of time, cost and quality has had an impact on all laborataries.
Firstly, the financial pressure influences the number and type of tests requested by physicians,
specialist and other professionals using pathology laboratories, and it will increasingly lead to a
reduction in the income of pathology laboratories. Secondly, despite these cost pressures
patients are much more informed and demand a better service, both in terms of TAT and
increased information content of the report.
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the major suppliers of diagnostic products have their head offices in Gauteng and -

ensures short lead-times for equipment. reagents and consumables
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Terms Of Reference

The interim board of directors of Ampath commissioned this project It will be used as a guideline
for the rationalisation of the operations of the newly formed Amipath The results of this project
will be used in the strategic decision making process of centralisation versus decentralisation

The board's specific instructions were

1. Todo a Iterature Study on the subject

2. To undertake a tour of some of the major American and European laboratories in ogder to
address and incorporate the trends in the diagnostic industry
To make appropriate recommendations on the location of the reference laboratory
To deliver interim reports as frequently as possible and 1o make the necessary
recommendations pertaining to centralisation

5 Tocomplete the project by no later than 31 March 1998
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Glossary
AST Alternative site testing ' . term used to include all testing that is
performed outside of the § igy 'aboratory
City regional labo- The city regional labora’ as the reference laboratory for a

ratory
Depot
FTE

Hospital laboratory

LIS

Peripheral laboratory

Reference laboratory

Regional laboratory

STAT test

number of regionai laporatoiies
This is the facility where phlebotomy 1s performed
A full time equivalent 1s equivaient to a 40 hour per week post. .

This is the smallest laboratory in the pathology laboratory network It
has a very limiied test menu that usually includes only those tests that
require a TAT of less than 30 minutes

Laboratory information system

For the purpose of this document a peripheral laboratory refers to all
those laboratories where work originates, that nave a limited test menu
and where usually only STAT and urgent pathology tests are
performed

A reference laboratory is that laboratory in the laboratory network with
the most ertensive pathology test menu in the pathology testing
matrix  All the work that cannot be performed at the site (hospital
laboratory or peripheral laboratory) where the work is generated, due
to the absence of specialised skills or equipment, is referred to the
reference laboratory where the specialised skills and equipment are
available to handle the specialised routine work.

The regional laboratory act as the main laboratory for a specific region
Due to its geographical separation from the city regional laboratory it is
necessary to perform urgent pathology tests at this laboratory due to
potential TAT problems with tests that require a TAT of between 4 and
6 hours

A TAT of more than 30 mnutes 1s required, but in most cases a 24
hour TAT and longer will be acceptable since the result is not required
for the immediate diagnosis of the patient

A TAT of no more than 30 minutes is required and these will be tests

Thesis
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that are important in the immediate diagnosis of patient ilinesses

TAT TAT (turn-around-time) 1s measured from the time that the specimen is
collected to the ime that the result is delivered to the professional that
requested the test

TLA Total laboratory automation refers to the total automatien of the
pathology laboratory by means of automatic sample centnfugation,
automatic decapping. automatic aliquotting, automatic bar coding of
secondary tubes, automatic recapping, automatic testing and
automatic storage and retneval of specimens

Urgent test These tests include those tests that are not STAT in nature blt that
require urgent resuiting for reasons other than immediate diagnosis for
the prescrigtion of therapy
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1. Introduction and Literature Study

1.1 History

The past 50 years have seen the world-wide establishment of large and centralised facilities
providing chinical laboratory services to the health care market In South Africa the major
pathology practices came into the market sume thity years ago and they experienced
phenomenal growth that exceeded all expectations An example is the Drs du Buisson &
Partners practice that openec its doors in 1969 with only 5 patients per day This figute has
since grown to an average of more than 5 500 patients per day

All the major o«ivate pathology laboratones are cf the independent type with a network of city
regional laboratories. regional laboratories, hospital laboratories and uepots Up to now the
private pathology laboratones have only targeted the private health care market, but this
situation will change as the drive to venture into new markets gains momentum This is
necessary because the private health care market in South Africa with a total of only 6
million private members, is serviced to its maximum by a very competitive pathology market

The past 2 years have seen the amalgamation of independent pathalogy groups. nationally
and internationally, to form bigger groups that can utiise their volumes and regonal
networks to achieve economies of scale and scope The combination of their regional
networks will provide national networks that can support thewr bid to negotiate good contracts
with other national and international health care groups The larger amalgamated groups
will have more muscle, and that will create the barner to entry that s needed to keep
international competition at bay

1.2 Challenges facing pathology laboratories

The managers of pathology laboratones face a number of opposing challenges that require
a fine balance between the neecs and expectations of the medical practitioners on the one
side, and the cost pressure exerted by the funders of the service on the other side The
challenge is to maintain or /mprove the compettive advantage while ensunng the
containment of or even the reduction in, operating cost

University of Stellenbosch Department of industrizl engineering
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1.2.2

123

Increased expectations

Pathology laboratones in general are subject to increasen expectations from doctors and
other professionals that use pathology services Amongst these expectations are the
requirements for an increase in the information contents of Iaboratery data to be used for
the diagnosis of patients and the tracking of patient fustory that is necessary for the
curing of illnesses

Funders of health care

The health care market, especially the funders of health care. demand a service that IS
fast. accurate and at low cost in order to meet the expectations of their shareholders The
shorter the TAT (turn-around-time) and the more accurate the result. the shorter and more
effective the treatment of the patient will be.  This will reduce the cost of providing heaith
Care. since it will shorten the length of stay in hospitals and reduce the number of VISIS e
medical professionals

Impact of challenges

In his article Impact of cost cutting on laboratories New business stralegies for
laboratones Owen Ash [1996 822-826] had the following to say on the subject of
increased pressure on laboratory management to contain cost in the pathology
laboratory He said “Too many hboratomdonolkm!heccstofltmmwmey
provide. such laboratones are at a high risk of failure as competition and cost-cufting
efforts continue to drive revenues per test downward °

Towmwmwmmmwmmmmbhwmgwu

actions:

. Muamwbmmo!mmummuwmummsﬂmw
Wmmmwdmbum‘m-mmommmmbmm
dmm:mwpmmmnnrndm.mm
medical technologist and pathologist. to run the business

. mﬂu-mmmmmmhmmmma
more efficient mix of technology and staff Since both technology and personnel
(especialiy skilled perscnnel) are very expensive laboratory management finds it
eﬂmndﬁcunmmhmmmmmmummﬂmdm
‘esources

. Econauu'wsMMdbyMthmmmvmly It 1s more
s-mmwwmmmwmwmnmdwmmm

University of Stzllenbosch Department of industrial engineering
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cost Large volumes are needed to bring the fixed cost per test down to such a level
where these tests can be performed profitably Most of the peripheral (decentraiised)
laboratories have insufficient volumes to Cover even the direct fixed cost By
managing these laboratories as business units. these cosis are becoming more
evident and it is expected that there will be .a renewed drive towards the
centralisation of routine pathology tests

Location of the Routine Laboratory e Engineenng Loqistics

1.3 Value chain

Towamm-qhtmbwmwsoimbbonwmsnumpomwm
mtcommmnofunvmchanwmeopponunmuhalmbomgmmbymof
the addition of the virtual value chain  Porter identified inbound logistics, operations,

Physical Value Chain
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function and the testing or analyses of the specimens The function of the pre-
analytical laboratory is to prepare the specimen (centrifugation. aliquotting, bar-
coding. etc) for the analyses phase and to capture the request so that all the
patie~t demographics and test requirements can be forwarded to the laboratory
where the worksheels and orders are downicaded to the analysers for the
automatic processing of the specimen. The outbound logistics include resulting
and delivery of the results to the clients The marketing function has the
important role of alerting the laboratory management of changes and needs in
the market and to sell the advantages of new and existing tests to the clients
There are a number of services that are offered to the client in order to add vaiue
.hat may distinguish the pathology laboratory from others These include
amongst others, the consulting services of nighly specialised pathologists that
will interpret the results for other medical specialist in order to determine the best
possible treatment of patient ilinesses

Like in all other businesses the primary activities are supported by a set of
sacondary activites These secondary activities include infrastructure, human
resource management. systems, technology and procurement

1.3.1 Physical value chain

With the construction of the value chain for the pathology laboratory it is important to
keep Porter's value chan in mind Pathology laboratones are under threat and the
survival of pathology laboratories can only be guaranteed if the laboratory gains a
competitive advantage over its competitors, whilst reducing cost without impacting
negatively on the quality of the result that is reported to the client. Competitive advantage
can only be achieved if the activities of the pathology laboratory are perceived as adding
value to the activities of its customers. The value chain is constructed of those activities
that the pathology laboratory performs to create value for their clients (doctors, patients
and brokers) and their suppliers. The latter are often ignored, since the focus is usually
on the client, but a relationship between a company and its suppliers can only be lasting if
it is a case of mutualism. The successful impiementation of the value chain concept
requires a reach out to suppliers, affinity organisations and customers

The physical value chain identifies those areas on the inbound logistics. operations
outbound logistics, marketing and services where costs can be cut and where an
improvement in the TAT can be achieved

University of Stellenbosch Department of industrial engineering
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1.3.2 Virtual value chain

133

The virtual value chain is funning in paralle! with the physical value chain and offers a
whole range of useful aiternatives for today's laboratory The first SIgns of the axistence
of the vintual value chain are the introduction ¢f Inferdoc MASS and ather similar
software into the consulting rooms of the physicians ° This software will integrate the
different parts of the physical value chain in the provision of health services in gsneral |t
will map the components of the physical value chain onto the vitual value chain By
wmmmmn.spmmhrmmmmmu;
(Laboratory Information System) and to obtan results at therr convenience It «s also

mllsmmnmammmom-hwuus

Integration of the v lue chain
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components of the value chain Amhnlnmmmssmmmm
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* EDL emcmlmmmumwwwwmm
thmuwm(ﬂmmmmp It is possible 1o
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* Mobile computing mmmmmnwnmu
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technology and systems
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Tele-pathology and_digital dictativn  Histopathology is very labour intensive and

raquires e presence of ry expensive histopathologists in penpheral laboratories
At the Medica exnibition in Duss. 'dorf in Germany there ware many exhibitors
show'~g ihe progress in technology that would make it possible to centralise this
previously dJecentralised function

RALS The Remote Automated Lavoratory System of Prof Robin Felder at the
University of Virginia is a rerfect example of technoiogy being used to reduce the
need for expensive senior technologists in peripheral labc, atories whers it is often
difficult to appaint technical personnel. This svstem allows for remote verifying and
releasing of resuits after the specimen wa. resented to an analyser by 3 non-
technical person, often a nursing staff member, empioyed by th.. hospital

It is obvious that the use of the value chain (phv'sica' and virtjal) will identify opportunities
to make centralisation even mure attractive It will aliow providers of paihology services
to restructure their laboratones on a national basis Value added, through testing at
peripheral sites, is declining as the cost of providing the service at the peripheral site
increases. Through centralisation of routine pathology tests the cost of producing the
result can be contained whilst the virtual value ch ain, and other tools used to integrate the
value chain, can increase the value added through the service that the laboratory
provides

1.4 Reasons for using pathology laboratories

In order to datermine the necessity for resulting on tests within a certain time frame (TAT) it
1S important to siudy the reasons why physicians, specialists and other professionals request
tests from pathoicqy laboratories. This knowledge will allow us to design the test menus for
the different laboratories Theummmanbechssiﬁedinmpﬁmary(obﬁocm:e)and
secondary (subjective) reasons.

Primary (objective) reasons include.

case finding in individuals;
manitoring of a patient’s condition
making of a prognosis, and
selection of the correct therapy

University of Stellenbosch Department of industrial engineering



Stellenbosch University https://scholar.sun.ac.za

Enginee ng Lagistics

‘3) Page 7

Location of the Routine Laboratory

Secondary (subjective] reascns include

e curiosity
= "making sure” and protection against professional liability
e habit, and

patient peace of mind or emotional security

1.5 Classification of service

Theoretically the TAT required for the provision of a test result will fall into one of two
categories. The two categories are STAT and routine For STAT tests a TAT of no more
than 30 minutes is required, and these will pe tests that are important in the immediate
diagnosis of patient illnesses. An example would be blood gas anaiysis to determine,
amongst others, the CO, content of a patient’'s blood while the patient is on the operation
table. Another example includes tests that are required for organ transplantations to
determine compatibility of donor and receptor tissue. When a patient is critically ill and in
urgent need of an organ, no time can be wasted, and therefore results are required with a
TAT of less than 30 minutes The other category includes those tests that are not needed
for immediate diagnosis of the patient's condition. By default these tests require a TAT of
more than 30 minutes, but in most cases a 24-hour TAT and longer will be acceptable. An
example would be tumour markers, where the immediate diagnosis and therapy will not
have a critical effect on the prognosis for the patient Appendix C includes a list of the
routine tests.

Unfortunately for pathology laboratories, market forces have skewed this categorisation of
STAT and routine ests. The reason for this being that there are a large number of tes!
that although strictly routine in nature, are required urgently for reasons other than the
immediate diagnosis for the prescription of a suitable therapy. The time lapse betwe 'n the
recaipt of the result and the start of the corrective therapy can usually be quite significant.
An example is a pregnancy test where the immediate knowledge of the positive outcome of
a pregnancy test has no clinical significance other than the emotional security of the patierit
Another example of such an exception is in the case of HIV testing where the insecurity
regarding the outcome of the result will have an emotional effect on the patient. These
exceptions therefore have led to the additional category of urgent tests

University of Stellenbosch Department of industrial engineering
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1.6 Trends in the diagnostic industry

1.6.1 Technology

The past five years have seen a great deal of optimism for the concept. and a move
towards. TLA (Total Laboratory Automation) A recent visit to the Mount Sinai hospital in
New York has shown that for a laboratory with about 6 000 to 10 000 patients per day ¢
will cost betwe»n R50 million and R70 million to install a TLA system.  This is too
expensive. and is now replaced by flexible laboratory automation that will provide a
means o achieve the expected cost savings in the short, medium and long term. For TLA
the major cost of the system is dedicated to the specimen transport system Argent
Consulting of Dallas in the USA has calculated tnat only 2% of the total saving achievable
through TLA can be attributed to the specimen transport system Flexible laboratory
automation that focuses on the workcell concept (multiple anaiysers with a single
computer interface that combines different technologies) will achieve up to 88% of the
potential savings, at a fraction of the cost

1.6.1.1 Drives
Pathology providers are always looking for new technology to replace existing
technology Behind this drive is the primary objective of cost effectiveness and better
productivity  That is to reduce cost and Improve profitability for the sharehoiders

Better accuracy s the secondary drive, but also a " 'nt one since the prowvision of
better acyracy co' ' la; . o the achievement o, Tpetitive advantage over the
compeutors in . v lly co | . tlive haalth care market

regulatory body like the FDA (Foed and Drug Administration) tnat determines the
mutyofncwbohmbgy Unonpamcipanonm.kuitmdmnwadopt
new technologies, Since new technology often hasmeeﬂactof-mprovmgptwuctivvty
through the reduction in FTE's (full tme equivalents) required to perform certain tasks
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1.6.2 Consolidation (Laboratories and equipment)

The functional barriers between the different departments Serolcgy, Endocrinology
Chemustry and Haematology are disappearing and they are being consolidated into Core
Laboratories with muiti-skilled medical technologists and other personne! Warkcells are
designed to do more work (volumes and menus) at 'hfgher speeds with s reagents
consumables and labour on smaller and fewer equipment

( LABORATORY TRENDS
3
2
2
;
Low volume Medium High v.'ume
volume
Laboratory size

Figure 1.2: Effect of consolidation in laboratory trends according to Abbott Diagnostic
Division [1998 Argent Consulting Services)

(ormvahnofwa)inmmqhvolumlabommuSOOOandmnnauperday)wm
grow at the expense of the medium volume laboratories (1000m5000mp0rd0y)
Themrkctshmoftholowvolumolabomoﬁu(lessman 1000 tests per day) will stay
conmmduowmomdforSTATandummtmunginunphenlsm. The effect of
consolid.ﬁoncanbomninﬁgmu

1.6.3 Modularity and scalability

Modulanty and scalability will ensure that the requirements of individual laberatories
(centralised and decentralised) relating to space, volumes and menus will be met It will
however require a minimum m«aummawmmmpwmmmmmmmt
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Commutable resulis

Tests done on different analysers will have results that can pe uniformly understood and
intarpreted  This is currently a problem since different size analysers are placed In
different size laboratories The effect of this is that, when a lest is sent to a central facility,
the format of the resuit (reference range) differs to that which the physcian in the
penpheral site is used 10

Low-cost producers

Generalist laboratories as we know them today are under threat from focused low-cost
|aboratories that might or might not be international With the focus on servile the
pathology laboratories have in the past decentralised at great cost Decentralisation led
to a duplication in personnel, analysers facilites, inventory, etc It is generilly accepted
that centralisation of pathology laboratonies can achieve savings of up to 30% in
personnel expenditure alone

Fe s

Bec. :ne geographical distribution of the laboratories in a decentralised

environment there is often a duplication of suppliers for the same inventory % . because
of lead-time constrainte. Therefor there is 3 renewed drive for fewer suppliers that will
bring along the following advantages

* standardisation,
e easier administration,
« Dbetter quality; and

« more attractive pricing policies

1.7 Decentralisation

mmwwm\umwmdmmmmumm
under no circumstances exclude decentralisation There is definitely a place for
decentralisation in the pathology testing matnx. Thequcsnmishowdooonum.m
meoﬂuumampmmtonmmakenmcosteﬂacbve.mbewmsmwwppon
the centralised routine pathology labcratory
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A survey of United States hospitais [Bickford, 1990623 B45] has shown that there |s 3
move out of the central hospital laboratory to other areas of tha hospital The reason for
this is the drive towards faster TAT for STAT testing In this instance AST [Bachrar,
19S5 881-885) is becoming a reality and it provides pathology service providers with the
means to take testing to the patient's bedside whether iLbe in emergency rooms, operating
roems. intensive cares or in their homes This technology 1s becoming so advanced that it
can be used even by non-technical laboratory personnel The only disadvantage up to now
nmalnusm!veryexpensc‘veanduswaummwbcammnunwofm
Although AST does not require specialised technical staff it stil requires a large investment
In pecple ana (herefore it will not provide the answer to lower cost and sustained
profitability It is doubtful that it will ever have an effect on the cent-alisation efforts in
general since it will only be applied to specific areas with specific needs.

On the technology side there is a drive to provide newer instruments that are compact,
portable, transportable, stable, pre-calibrated or auto-calibrated These instruments will
fequire limited operator intervention and process control, low sample volume and can be
operated by non-laboiatory personnel Theseanalyterscaterforasmanpomonoflhe
market that actually require instruments of this nature due to operational and not financial
constraints.  These instruments will cater for the hospital iaboratories and other STAT
laboratories where factors such as geographical isolation. market demands due to
compeﬁﬁvo'omsandthenatuuofmmung required is such that a decentralised facility
18 required

Doeenuuuuonwmonrybefuablo when decentralised testing will lead to the following

¢ A substantial reduction in TAT

. mmphmmtaﬁonhmmbw«mmopmngm.

. Ifmaccumcyandpmiﬂonlchwmhdecmmmmbwfﬁcbmbfm
intended clinical purposes.

. nmmmwmwmumw,

. lfmmdmmmmmbemammghUnmmofm
mmmtmhmtbmmihm.

. tfmcmmm.mmmwdaMaman
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1.8 Centralisation

Internationally the centralisation of routine pathology tests has led to the establishment of big
centralised facilites where large numbers of tests are being performed at a raiati 2ly low
cost per test This is exactly what the funders of heaith care wanted and it led to an
increased dnve in the centralisation effort. ¢

In South Africa the potential reducton in operating cost through the amalgamation of large
independent practices has not yet materialised Personnel cost and consumable cost
account for 38% and 22% of the total cost resgectively There are mainly three reasons for
the above-menticned situation that prevail. Firslly, thare 1s a continuous devaluation.of the
Rand against other international currencies with no prospect of any change in this trend
Since the providers of pathology services are heavily dependent on the importation of
equipment, consumables and reagents the devaluation of the Rand has had a serious
adverse affect on their cost containment strategies and therefore their profitability
Secondly, SA experiences an inflation rate of just below 6%, which ensures that the PSP's
(pathology service providers) are faced with an ever increasing salary bill Although the
current infiation rate is very satisfactory, given the double figure legacy of the past, it is still
much higher than the inflation rate of the competitive international community. Thirdiy, due
to the complexity of the pathology environment and historical reascns it wili be very difficult
for the pathology practices to change from within. A paradigm shift in the way pathology
services are provided is therefore necessary (o ensure their iong term viability

Ancther drive for centialisation was the development of expensive automated batch
analysers and LIS (Laboratory Information System) needing highly trained laboratory
personnel.  Pathology laboratory management has been the sole responsibility of
technologists and pathologists in the past The duplication of these specialised skills in a
decentralised laboratory setting can not be afforded in the light of above-mentioned
pressures and thersfore a further stimulus for centralisation was created.

Although deceniraiisation is now possible with compact portable or transportable
instruments, characterised by relative ease .f operatior and robust performance in the
hands of inexparienced personnel, it is doubtfu' whethe: the pressures that originally led to
the need for centralisation will ever disappear The existing infrastructure of facilities,
equipment, knowledge, skilled personnel 2nd communication capability can not 2asily be
duplicated in favour of decentralisation
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The following advantages of centralised pethology laboratories remain valid

Low vanable, incremental. and 2rocess cantrol cast per test

Low total error rate in an operator neutral and automated environment
Quality improvement philosophy

Operational and administrative advantages of centralissd management
Communication is easiar in 2 centralised laberatory environment

1.9 Transformation of the public health system in South Africa

Both the private and public pathology service providers are faced with the same challenges
and therefore it will be interesting to have a look at the specific actions that are proposed for
the public pathology services According to the recent White Paper for the Transformation of
the Health System in South Africa it became evident that there are a number of problems
facing the public pathology laboratories. These can be summarised as follows

There is an excessive fragmentation of laboratory services

This fragmentation led to the costly duplication of infrastructure, support services
equipment, perscnnel and management.

Due to historical reasons there is a geographic inequity in the provision of pathology
services to the previously disadvantaged communities

Due to normal government bureaucracy there is a lack of service co-ordination

These problems are very difficult to address and it will at best be a very costly exercise. Due
to the cost cuts in the national health budget it is not quite clear where the money will come
from to address these issues. There are a number of opticns available to address these
problems:

Private pathology ladoratories should be used to provide the public sector services with
certain routine testing. This can be done by outsourcing certain tests to private
laboratories. These tests will provide the private laboratories with additional volumes
that will drive the fixed cost down and good prices can therefore be negotiated. These
cost savings can then be used to address the inequities of service provision

The public sector can get a partner in the private sector to provide the necessary capital
required to remedy the problems facing them

The private laboratories can use the facilities of the public sector laboratories to drive its
fixed cost down A recent study by the student on the possibility of outsourcing of
routine biochemistry tests to the public pathology laboratories has shown that the cost
structure of the public services is such thai a decision can not easily be made based on
sound economical principles
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The white paper proposed a four level implementation strategy to address the problems

facing the public pathoiogy laboratory

1. On the lowest level they propose a PHC (Prmary Health Care) oriented service with a
very limited repertoire of tests, 1 e within community health centres

2. On the intermediate level peripheral laboratones (largely hospital-based) at
district/subregional/regional level with an extended, but still imited test repertoire

3 On the provincial level there will be more automated, specialised and centralised
services that will interact with academic departments for some referred tests and
censultations.

4. On the national level highly specialised or non-reproducible services, i & the activities of
the National Institute for Virology (NIV) will be located

This four level strategy is nothing less than the centralised laboratory service proposed by
the literature and the importance of this can be seen in the trends of the diagnostic industry
world-wide

Pathology laboratories (public and private) must comply with the cost and competitive
pressures or face the erosion of their market share by other laboratories that have overcome
the resistance to centralisation. The only risk associated with the centralisation of routine
testing s the loss in political power by individual pathologists and laboratory managers. The
decision makers will have to be aware of this and make sure that sound economical sense
will “-evail over emotion providing the sharehoiders, managers, staff and everybody
concerned with the figures of the cost involved in not centralising that can be centralised It
is not the cost of centralisation that should be the focus of the debate, but rather the cost of
not complying with the cost pressures

University of Stellenbosch Departmens of industrial engineering



Stellenbosch University https://scholar.sun.ac.za

Location of the Routine Laboratory

*3

Engineenng Logqistics

Page 15

2. Economic Analysis of Routine Testing

2.1 Cost structure

The following analysis shows that personnel cost and consumable cost account for up to

60% cf the total cost of patholcgy laboratories
through centralisation, as it would cut out unnecessary duplication

It should be possible to reduce this cost
It 1s widely accepted that

personnel cost can be cut by up to 30% if centralisation is adopted Another cost that could

be reduced through centralisation is r ~t 2-d levies Since the saving here is evident it will

not be discussed any further Taobu: 2 1 ='.ows the percentage contribution to the total cost

of the different cost tems. This table is a summarised version of a spreadsheet prepared by

Deloitte & Touche for Ampath

Table 2.1: Cost structure for the provision of pathology

services

I COST CATEGORY PERCENTAGE
Personne! 38%
Consumables 22%
Rent & levies 7%
Other 6%
Finance cost 6%
Bad debt 5%
Depreciation 4%
_Mainmenance 3%
IT & communication 3%
Transport 2%
Stationary 1%
Equipment 1%
MarketinL 1%
ravel & accomodation 1%
Insurance 1%
TAL 100%

2.1.1 Personnel cost

There are mainly two reasons why the pathology laboratory has to contend with ever

Increasing personnel cost

» The first reason is not only restricted to patnology labcratories but it 1s the cause for
high personnel cost in aimost every other South African industry. Double figure
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infiation rates of the past forced the providers of pathology services 1o give
percentage salary increases that compare favourably with the inflation rate

* It becomes increasingly difficult and expensive to find qualified n .« technologists
and nursing staff (phlebotomy) to provide the services that the heaith care market
demands This Is especially evident in the peripheral laboratornies where it 1s often
extremely difficult to appoint technical staff, and even in the city regional laboratories
there is a high turnover of staff

2.1.2 Consumable cost

The second biggest expenditure for pathoiogy laboratories is their consumable cost bnder
consumables we include reagents and disposables (i.e cuvettes) Apart from the annual
increase from the suppliers the laboratornes had to contend with the devaluation of the Rand
against the Amencan Dollar and other major European currencies. The latter has had a very
sericus impact since the pathology laboratory is very heavily dapendent on the importation of
consumables and equipment

2.2 Pricing policy
Unlike other industnies, pathology laboratories cannot determine their own pnicing policies
The maximum allowable tariff per test or group of tests is published in the Government
Gazette and the :ncome of the laboratory s determined by these tanffs

2.3 Break-even point for routine testing

It is obvious that the laboratory management in general does not know the cost involved in

performmg certain routine tests. This is evident in the large number of routine tests that are

performed at a loss in the peripheral laboratories. The reasons for this situation that prevails

are numerous and can be summarised as follow:

* In the past there has been an emphasis or: patient volumes and turnover rather than on
the profitability of the tests that are performed.

» The pathology organisations are often nct structured in business units
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* The information necessary 1o calculate the profitability of the tests is either not available
or could not be retrieved from the LIS in a format that can be understood by the
laboratory manager

» Often the laboratory manager 1s a medical technologist without any formal training or
expenence in financ. .| management and costing procedures

To llustrate this point we will .nvestigate the AFP. TA 19-3. CA 15-3. CA 125 and Ferritin
tests that are available on the Axsym analyser This is a relevant selection of tests since
they are all routine tests that are ideally suited to be verformed in a centrahised laboratory

2.3.1 Direct consumable cost

Only the direct cost will be used to illustrate the point as it is relatively easy to isoiate
these costs and they are all 3vailable ¢ the standard price lists of the suppliers. Certain
reagent costs can be allocated directly to the test The investigation into these costs will
give us an insight into the cost advantages of centralisation All the fixed costs in the
following paragraphs have been calculated for a period of 6 months and then averaged to
arrive at an average monthly cost

2.3.1.1 Fixed cost per test

This fixed cost is dependent on the type of test to be performed on the automated
instrument. It is however independent on the number of tests to be performed
Equation 2.1 is the equation that can be used to determine the fixed cost of performing
any of the selected tests Table 22 shows the direct fixed cost associated with the
selected tests. The values in this taole were calculated by using the specifications and
standard price lists of *he diagnostic suppliers.

FC, =M, +8§ +C, [Equation 2.1]
Where;

o FG = The fixed cost associated with performing test |

- M, = Master calibrator and calibration for test |

o 8 = Standard calibrator and calibration for test i

o G = Control purchase and control run for test i
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Table 2.2: The fixed cost for the selected tests
FIXED COST FOR| AFP CA19-9 [ CA153 | CA125 | FERRITIN |
TESTS
Master calibrator R5167 R5167 R5167 R5167 R5167
Master calibration R24 80 R34 40 R37 20 R37.20 R15.39
Standard R25 83 R2583 R25.83 R25 83 R2583
calibrators
Standard R12.40 R17.20 R1860 R18.60 R7.70
calibration
Control purchase R10000] R10000] R100.00] R100.00] R10Q 00|
Control run R1,13460] R1,57380| R1,70190 R1,701.90] R70455
TOTAL 'R1,349.30] R1,802.90 Tr,ma—amlw
2.3.1.2 Variable cost per test

The vanable cost is dependent on both the type of test and the volume of tests to be
performed on the automated instrument. The reagents are purchased in kit sizes that
can vary and it is for this reason that the number of tests per kit is build into the
equation. Another important cost that is built into the variable cost is the cost of
repeating tests. This is necessary to make provision for quality control purpcses as
well as to allow for operator error Depending on the number of variables, amongst
which operator experience, these repeats can be as high as 20%. Equation 2.2
calculates the variable cost that is associated with a test. Table 2.3 shows the variable
cost based on a kit size of 2 100 and a repeat rate of 20%

-t =§(l+r;) [Equation 2.2]
Where,

e VC, = Variable cost per test for test |

s K = Cost per kit for test |

« = Number of tests per kit for test i

% = Percentage of repeats for test i
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Table 2.3: Variable cost for the selected tests

VARIABLE COST PER| AFP CA19-9 [ CA15-3 | CA 125 | Ferritin

INSTRUMENT
Cost per kit (< R620.00] R86000] R93000| R93000| R38500
Number of tesis per <it (n,) 100 100 100 100 100

Percantage of reocats 1) 2000%| 2000% 2000%| 2000%| 2000%
Variable cost per .estl  R7.44) R10.32, R11.16] R11.16] R4.62|
(ve)

2.3.1.3 Instrumeni cost

This cost is independent of the type or variety of the tests to be performed on the
automated instrument. Equation 2 3 calcuiates the instrument consumable cost
associated with the instrument Table 2.4 shows the instrument cost for the Axsym

analyser

IC=M+8+F+P+D [Equation 2.3]
Where,

Ic = The instrument consumable cost for the analyser

M = The cost of the MUP solution for the analyser

5 = The cost of solution 3 and 4 for the analyser

F = The cost of fluidics for the analyser

P = The cost of probe cleaner for the analyser

D = The cost of decontamination for the analyser

Table 2.4: The monthly instrument cost for the salecied analyser

PER | U co8T |
MUP Solution T R130 00|
Solution 3 and 4 R45 00!
Fluidics RS167
Probe clean R92.50
Decontamination _ﬁ"i_sﬁl
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2.3.1.4 Total reagent cost

For the ease of this discussion tte instrument cost will be left out of the tc'al reagent
cost equation, as it will have a very small impact on the break-even point Equation 24
calculates the total reagent cost as discussed

IC, = FC, +(VC, *1,) [Equation 2.4)
Where,
TC, = Total reagent cost for test |
FC, = Fixed cost for test | -
VC, = Vanable cost for test |
t - Number of test |
2.3.2 Income

Themcomp«wbreachonoolmmodmnmbemnmmzs Equation
2.5 can be used to calculate the income for the test

[, =T *, [Equation 2.5)
Where,

l B Income for test |

T, = Published tariff for test |

L = Number of test |

Table 2.5; The income per test for the selected routn~ tests.

i O AFP GAW'W—CTHS_%
l 8

Income "Ra630  R74 80) 480 R7480

2.3.3 Break-even graph

mmmbmuoonomepmiouspunupmnnmwrodmmebrukm
graphs for the selected tests. For this discussion we il us? the vt 'uons of the AFP test
h;_zm_ak_m‘w‘ofmmman 'wmnmApoor.uxile_'Mbockofmn
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document The total cost and income for the AFP test are summarised in table 26
Appendix B also includes a summary of the cost of performing these 5 routine tests in the
City regional laboratory and the peripheral laboratory This table also shows the cost
saving on reagents that can be achieved by centralising these tests for this peripheral
laboratory

Table 2.6: Total direct cost for performing routine AFP tests

AFP 1 20 40 60 80 100
Total Cost 1,356 74| R1.498 10| R1.646 90| R1.795 70 1,944'50| R2,093 30
Income 46.50] R930 00| R1 00| R2.790.00| R3.720 00 R4 850 00
Cost per test | R1, 4 R7401 Raii7 2993 R24 31| 93

Fromthobruk-ovonchm»nﬁgunh ntcmbosmmanhebruk-cvenpmm'sat.’is
tests per month for direct reagent cost only To operate this analyser it requires some
dedicated time from a technologist The effect of adding the labour, maintenance,
additional air-conditioning, etc. moves this break-even point into the region where these
mumndeﬁnmlynotbopodonmproﬁtably in the peripheral laboratory. In fact from
Apoondixoutcanbomnmatoniyao!moponphwlabomchwmaon!
volumolmoAFPmnodonproﬁtaw in the peripheral laboratories. This is without
even bringing the effect of labour, maintenance. air-conditioning, etc. into account.

BREAK-EVEN POINT FOR AFP TESTS
m -
g 3000 e ~——Total Cost
1000 G
.
1 20 4 60 80 100
NUMBER OF TESTS

Figure 2.1: Break-even for AFP test
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It is true however that for certain tests with sufficient volumes the cost line in the graph
may exhibit a step function due to the capacity constraints of the analysers An
evaluation of the volumes has shown that no single peripheral laboratory generated
enough tests to warrant an investigation into this region of the break-even graph. For the
central laboratory we will definitely enter this region of the graph but as discussed in the
introduction other instrumentation (higher throughput) will be used here

It is clear that routine tests should be centralised This will ensure volumes that are high
enough to operate the analyser in the profitable region of the break-even graph

Appendix D indicates the total number of tests per month for the selected tests fo; each
of the peripheral laboratories. It can be seen that the total monthly number of tests is
often much lower than the number of tests required for the break-even point. The
reagent kits also have a limited shelve life and therefor the wastage due to the fact that
kits have to be discarded is even more than the losses due to operzting below the break-
even point. Centralisation of these tests will ensure volumes that will be sufficient to
operate in the profitable region of the break-even chart and it will also ensure that kits will
be vsed before their shelve life expire

By using equation 2.4 to calculate the total direct reagent cost of performing a test, given
the specifications and standard price lists of the suppliers, it was calculated that a total
annual direct reagent saving of R500 000 can be realised if an extensive menu of
Thyroids, Tumour Markers and Ovarian tests are considered These lests are all
considered as routine tests and therefor fall in the category of those that can be
ceniralised without affecting the expected TAT The calculation of the total saving,
including the labour saving and the effect of the new technology, discussed in the chapter
on trends in the diagnostic industry, can be seen in Appendix E
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3. Description of" the Location Problem

The location of the routine pathology laboratory should ensure the collection of specimens from
the penpheral laboratories in the national network, and the reporting of the results back to the
physicians and other professionals, in the shortest possible TAT and at the lowest possible total
cost

The location of the routine pathology laberatory must address a number of facters that must be
kept in mind with the final selection of the site. The discussion that follows is by no Means
complete but will address the most important issues

3.1 Locatior,

T location of the routine laboratory in the pathology network is supported by a number of

facilities that will not be taken out of the networx once the routine laboratory is in operation

The following must therefore be laken into consideration

« The geographical distribution of physicians and other medical professionals forms the
basis for the existing lccation of laboratories within the pathology network

» The population density surrounding each of the laboratories is an indication ¢. he
relative importance of the location of that specific laboratory

« Depots act as POS (point of service) for the patients and therefore the patholcgy
network can be expanded through the addition of depots

o STAT laboratories that cater for a very fast TAT will always have a role to play in tr
pathology network. They may however be scaled down to perform only a limited
repertoire of tests in order to cater for critically ill patients

* The location of the current city regional laboratories will act as hubs for the pathology
network since the capital investment in these facilities will make it impossible to relocate
them in the short and medium term They will be provided with a limited, but larger,
repertoire of tests than the STAT laboratories.

3.2 Integration
It is important to discuss those activities that support the location issues mentioned in the
previous paragraph. These activities make it possible for facilities to be located at certain
points. The following activities will have an impact on the final location and will provide, if
necessary, certain flexibility in the exact location of the central routine pathology laboratory
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The placing of couners and the usage of independent courier services within the
pathology network will ensure a fast TAT In-house cruners could be used to collect
STAT and routine specimens within the urban arezs | ‘ra-regionai) while outsourcing
can be used to collect specimens from the different u 2an vreas (inter-regional)

The format of the specimens and the way in wh . they are transported are very
important since the guality of the specimens is very /mportant for accurate resulting By
preparing the specimen (centrifuging, aliquotting, data cansturing, etc ) at the peripheral
laboratory, or pcint of collection, it will cut down on the handling of the specimens at the
central facility This would ensure the integrity of the specimen

Since the laboratonies are dependent on the back-up provided by the maintenance
teams and procurement departments of the suppliers. it is import. nt to consider where
the interaction between the laboratory and its suppliers will be rmo.l eftective and with
the shortest possible lead time

3.3 Agility
Agility is the ability of the laboratory network to adapt to changes in its environment. These

changes include

Changes in the market through the migration or loss of traditional markets (patient
basis). It shouid also be able to react positively to the emergence of new markets
(patient basis)

Changes in the availability and affordability of labour An unaffordable increase in
labour cost will result in the implementation of TLA (Total Laboratory Automation) rather
than flexible automaticn.

A decrease in the number of suppliers as are envisaged by the trends in the diagnostic
industry will limit the location possibilities.

Changes in technology (emergence of the workcell concept mentioned in the first
chapter) will provide maore flexibility and less dependence on the availability of labour.

3.4 Measurement

Applicable performance measuremerits 5, .- /.1 &= put in place to evaluate the performance
of the system. The current perfcrmance measures are not sufficient to measure the
performance effectively. The optirial locz.ug for tive routine pathology laboratory should be
evaluated on the combination of TAT and total cost.
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4. Scenarios

There are basically only two alternatives ‘*hat need ¢ be considered, and th simnlifies the
problem to a certain extent

4.1 Scenario 1

Each one of the existing three city regional lacoratories (Johannesburg. Pretona o4
Durban) wil' act as a reference laboratory for the routine work in the regions in which it is
located. Specialised work will be sent from one city regional laboratory to another to athieve
economies of scale by combining volumes

4.2 Scenario 2

One central routine laboratory in Gauteng will act as a reference laboratory for all the routine

pathology tests This scenario can be implemented in one of two ways

* A new laboratory can be designed and bui't at an optimal location

* One of the existing two city regional laboratories in Gauteng can be transformed into a
reference laboratory.

Thbsocondnhmaﬁvedounotexdudemepowbumy that this scenario can be phased in
over time. It does however exclude the possibility of having more than one reference

laboratory in future

4.3 “Zvalvation of scenarios

These ‘o scenarios will be evaluated with reference to the technology, infrastructure.
resource, gistics, communication, political and strategic constraints that are inkerent to the
organisa.on

For the evaluatio dmmmdmmmmummmammmum
Mmammmmmmolmom These weights were discussed with the
share“clders (patholoiists) to ensure buy-in. The most applicable scenario for each
mhxntmmed‘pomswt'nommm1m The weights as well as the
results of this evaluatio:: are summarised in toble 4 1
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4.3.1 Technology

The technology s available to implement any one of the two scenarios. The cost of
duplication of technology and the current trends in the diagnostic industry to consolidate
different analysers into single workstations or workcells will make the cost of
implementing scenario one very expensive The exfstmg and future analysers and
equipment will lead to a saving on the total cost of providing pathology services if
scenario two is implemented

4.3.2 Infrastructure

Infrastructure is very expensive and therefore it seems reasonable that some or other
form of rationalisation of infrastructure will be required in order to achieve cost savings
Rent and levies alone contribute 7% of the total cost The city regional laboratory in
Pretoria is experiencing capacity constraints in terms of available floor space, which is
making it difficult for the facility to accommodate all the functions that are required from a
reference laboratory. The city regional laboratory in johannesburg is in the centre of
town, where the rising crime statistics are making it luss desirable as a facility to house
the reference laboratory Scenario two is preferred, since it will address the problems
associated with the current location of the city regional laboratories

4.3.3 Resources

Labour (38%) and equipment are major contributors to the total cost of providing
pathology services. With the increased cost pressure on pathology providers it will be
very difficult to afford the unnecessary Juplication of resources in 2 decentralised
laboratory environment. Scenaric two will lead to a rationalisation of the resource cost
and is therefore the preferred alternarive.

4.3.4 Logistics

A decentralised laboratory environment will provide a very atiractive TAT for its
pnysicians and olier professionals. In terms of TAT it will provide the pathology service
providar with a competitive advantage The competitive advantaae will te a result of
subjective criteria, sinc TAT is not of cntical importance in routine pathology testing. A
dezentralised collection network will also be more cost effec’ . 2 and provide the individual
labcratories with more flexibility

Because or the perceived TAT advantage and possible saving it coliection cost, scenario
one will be the _referred alternative for this constraint.
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4.3.5 Communication

A centralised laboratory environment will provide for more reliable communication (voice
and data) This is mainly due to the fact the LIS in use by aimost all the pathology groups
in South Africa run on a main frame. This discussion however s restricted to routine
testing, and this changes the advantages and dusadva}\téges somewhat Because of the
long distance of the communication lines between the central routine laboratory and the
regional laboratories it can easily be influenced by external factors. of which the
unreliable service of the telephone cabling network supplier is the main concern
Scenario one is the preferred aiternative, unless the reliability of our communication
network can be solved or if distributed processing is available for the LIS -

4.3.6 Political

Another very important factor is the internal crganisational politics. The partners as the
decision makers have already informally agreed that scenario 2 will be the most
acceptable alternative from their perspective.

Table 4.1: Weighted evaluation of constraints inherent to the organisation

T CONSTRAINT | WEIGHT | SCENARIO 1 | SCENARIOZ | SCENARIO 7 | SCENARIOZ |
(RAW) (RAW) (WEIGHTED) (WEIGHTED)
"TECHNOLOGY 0.15 1 4 0.15 060
INFRASTRUCTURE 020 1 4 0.20 0.80
RESOURCES 015 1 3 0.15 060
LOGISTICS 0.20 a i 080 0.20
[ COMMUNICATION | 020 a 1 080 0.20
POLITICAL 005 1 3 005 0.20
STRATEGIC 0.05 1 a 0.05 020
2.20
4.3.7 Strategic

A centralised laboratory handling the bulk of the routine testing will strategically be more
vulnerable to factors such as labour action and natural disasters The centralised
laboratory will however be able to produce results at a much lower cost than is possible in
a decentralised laboratory environment. This low cost will provide the barrier to entry that
IS necessary to keep international compettion at bay. Scenario two will be the preferred
alternative because of the low cost advantage.
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4.4 Evaluate the scenarios against risks

Michelle Cooney [1995 s50-s53] has identifiec business nsks. financial nisks, insurable nsks
and chinical nsks as the four nsks that shoui' be managed by the providers of pathology
services. These risks will now be used to evaluate the selected scznarios

4.4.1 Business risks

These are tne nsks associated with the legal and operational structures that are required
to support the business There is no legal nsk in centralising the routine pathology_tests
The operational structures to support both the scenarios of a centralised and
decentralised laboratory environment can be put in place

4.4.2 Financial risks

Financial risks are associated with profits, losses and future accountability. Although it
seems that an increase in logistics cost 1s inevitable, the advantages gained by
economies of scale and scope will far outweigh the increase in logistics costs A
decentralised laboratory will increase the financial nsk to the organisation given the cost
of providing a decentralised service If the TAT provided by the centralised clinical
laboratory is appropr=tz and if the cost is substantially less than using decentralised
testing methods the financial risk to the organisaticn must be less

4.4.3 Insurable risks

insurable risks can be managed with the aid of insurance products. The strategic
disadvantage that was associated with scenario Z can be addressed with insurance
products

4.4.4 Clinical risks

Clinical risks are associated with the quality of the result generated by the pathology
service that is provided to the physician and other professionals. This indeed is a very
important risk if we keep in the mind the reasons why patients are referred to pathology
laboratories by their physicians and other professionals. In a centralised laboratory it will
be easier to ensure the quality of the result that is generated. Any problems that may
anse will be identified and remedied immediately. Since only routine work will be done in
the centralised reference |aboratory the disadvantage of an increase in ihe TAT will not
have an effect on the clinical nsk. With proper logistical planning the TAT will stay within
acceptable limits.
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4.5 Selection of the appropriate scenaric

The weighted table has indicated that the second scenario. in which a central routine
laboratory will be used. 1s preferred above the existrg scenario of three city regional
laborateries

All the problems associated with scenario tao as apposed 0 scenano one can be
Overcome with the selection of suitable technology and proper planning Insurance
products will address the issue of strateqic nsk associated with natural disasters and
labour action
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5. Location of the Central Routine Laboratory

[

The location of the central routine laboratory will now be determined A two-way approach will be
used to find the sclution. A simple network consisting of only four points will be used to
conceptualise the problem It will be easier to demonstrate the final solution to the decision
makers with the aid of this four point network since there are fewer varables to contend w'th
This network will be referred to as the regional model. Network and jraph theory will be used to
solve the complete network representing the 22 laboratory regions of the Ampath pathology
network This chapter will be concluded with a qualitative discussion on the results obtainet from
both networks

5.1 Regional Modei

5.1.1 Construction of the model

The two city regional laboratories in Johannesburg and Pretoria as well the Pomona
laboratory in Kempton Park will form the cormners of the triangle representing this network
since they are the existing facilities that are best suited to accommodate a central routine
laboratory. Midrand forms the fourth point and is located on the line cecnnecting
Johannesburg and Pretoria Midrand is included because it is perceived as being one of
the best locations for a central facility due the fact that many other companies are moving
their main facilities here It is in close proximity to both Johannesburg and Pretoria. It has
also been discussed for some time now whether the construction of a large facility will be
feasible in Midrand.

Figure 5.1 on the following page shows the regional model. The lines betwe=n the points
represent the shortest actual distance between the facilities. Since the Kempton Park,
Johannesburg and Pretoria facilities act as reference facilities for the East Rand, Drs.
Bruinette Kramer & Partners and Drs. du Buisson & Pariners respectively, it was very
easy to determine the total patient value for each point. The total monthiy patient volume
for each facility divided by 1 000 was used as a weight to represent the relative
importance of each point. The total monthly patient volume for Pretona, Johannesburg
and Kempton Park s 75 116, 37 789 and 73 346 respectively
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(0)
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(73)
Johannesburg (38)

Figure §.1: The regional model as depic=a by the 4 points

Solving the model

The cost of collecting specimens from any poi: i the network is equal to the product of
the weight of that point and the actual distance Lotweer that point and the central location
In the netwark.  The total cost of collecting specinens from all points in the network to a
central point is the sum of the above mentioned products for all points in the network
Table 5.1 shows the total collection cost associatec w.th sach point in the network. To
m-knm.ovlmuonofmobmoostumnuemms:odasapcmnmoloc
smallest value

Table 5.1; The total collection cost associated with each point,

PATIENTS
38
75
K ARK 73
ND 0

TOTAL CGST | VERCENTAGE
152%

122%

JOHANNE

Acoommbmnmloostmmodmbmmnonfoeranmhamy will be at
Kempton Park. Mmmwillboucondbutwmubhleostmunzssmqhwthmlh.t
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of Kempton Park  The total collection cost at both Johannesburg (52%) and Pretona
(22%) will be much higher than that of Kempton Park and Midrand

Since the fairness of the allocatior: of patents (weights) to the points could be
questioned. it is necessary to do a sensiti/ity analysis (The fairness can be questioned
due to uncertainty of future market trends Therefor the possible market outcomes must
be evaluated )

5.1.3 Sensitivity Analysis

The sensitivity analysis will address two iIssues  Firstly, we will investigate the sensitivity
of the result for a variance in patient volumes Secondly, the traffic density through
Midrand will have to be evaluated since this is one of the major concerns raised by the
decision makers

-

5.1.3.1 Varying the patients volumes

Thopnbomvommbcomolmopomumubevnmaby20%aoonmconm'1co
in the results Table 5 2 will show the result of varying the patient volumes of Kempton
Park while keeping the patient volumes of the other points constant. It can be seen
that the decision of whether Kempton Park or Midrand is the best location hinges very
strongly on the patient volume of Kempton Park A reduction in the number of patients
at Kempton Park would tip the balance in favour of Midrand. The chances are actually
better that the patient volumes at Kempton Park will increase due to the possibility of
work being flown In from other regions not yet sarviced by Ampath

Table 5.2; The result of varying the Kempton Park patient volumes.

-20% “10% 10% 20%

JOHANN RG 146% 147% 157% 162%
PRETORIA 111% 115% 129% 136%
A 103% 101% 100% 100%

MIDRAND 100% 100% 104% 107%

ThooﬂtctofvuymghopmntvohmmPretonacanbomninublcssonm
following page A fairly small increase in the patient volumes at Pretoria will change
the decision in favour of Midrand Ituhowcvorvoryunnkwmmomwmboany
mntﬂcantnummmmrvom"mdmwbcuhmon.dusumon&Pmm
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percentage wise the strongest pathology practice in the region with very little scope In
increasing its market share

Table 5.3: The result of varying the Pretoria patient volumes

5 -20% -10% 10% 20%
[JOHANNESBURG 154% 153% 151% 152%
|FRETORIA 143% 131% 113% 108%

KEMPTON PARK 100% 100% 100% 102%
MIDRAND 106% 104% 100% 100%

If the patient volume at Pretoria is increased significantly it will change the decision in
favour of Midrand. According to this calculation Kempton Park will remain the best
location, even if the Johannesburg patient volumes are increased by 20%, as can be
seen in table 5 4

Table 5.4: The result of varying the Johannesburg patient volumes

-20% -10% 10% 20%
JOHANNESBURG 1680% 156% 148% 144%
PRETORIA 118% 120% 123% 125%
KEN PTON PARK 100% 100% 100% 100%
MIDRAND 103% 102% 101% 101%

5.1.3.2 Varying the traffic density

The model is based on the assumption of ideal traffic flow This means that the traffic
density along all the roads on the network is exactly the same. This assumption is not
valid since the N1 between Johannesburg and Pretoria experiences chronic traffic
problems in and out of Midrand during peak hours. We will build this traffic problem
into the model by changing the distances between Midrand and Pretoria as well as the
distance between Midrand and Johannesburg. The effect of doubling the distances
between the locations can be seen in table 5.5. By bringing the traffic densities into the
equation the feasibility of Midrand as location is reduced quite significantly Table 5.5
shows that Kempton Park is the only location unaffected by the traffic dansity through
Midrand.
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Table 5.5: The result of varying the traffic density through Midrand

JHB to MIDRAND|PTA to MIDRAND
JOHANNESBURG 152% 152%
PRETORIA 122% 122%
KEMPTON PARK 100% 100%
MIDRAND 124% 157%
5.1.4 Results

if the existing patient numbers at Johannesburg, Pretona and Kempton Park are used as
an indication of their relative importance. and the total costs are calculated as deﬂged in
paragraph 5.1.2, then it can be seen that Kempton Park is the best location for the central
routine laboratory Midrand will be second best with a cost that is 2% higher than that of
Kempton Park

The sensitivity analysis has shown that the following events, or changes in markets, will
cause Midrand to be a better location than Kempton Park

* A reduction of patient numbers at Kempton Park

* A significant increase of patient numbers at Pretoria

The traffic through Midrand has a negative impact on Midrand with Kempton Park now
being the best location by a greater margin.  Midrand will be 24% more expensive if the
traffic between Johannesburg and Midrand is doubled, and Midrand will be 57% more
expensive if the traffic between Pretoria and Midrand is doubled.
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5.2 Network and Graph theory to solve the location problem

In finding the correct location for the centralised routine laboratory it 1s very important to
consider the TAT for the specimens When the value chain is kept in mind it is obvious that
the transportation leg of the value chain has a very significant role to play in the reduction of
the TAT and therefore the provision of a competitive pathology service The greatest part
of the effort in pathalogy laboratory management is focused on the analytical side. and it is
therefore not surprising that most of the available R&D funding is spent on technology
improvement The literature therefore has dedicated very little to the understanding of the
location problem of pathology services 5|

5.2.1 Construction of the network

Since network and graph theory have a wide application in the solution of location
mblomsnwudecmdmatnwouldauobeuswmmmbgmmmwnmme
central routine pathology laboratory.  After an extensive visit to laboratories in Germany
and the United States it was obvious that advanced aigorithms, provided by network and
graph theory are seldom, if ever, used in establishing or evaluating the location of the

pathology laberatory

The locations of Pathology laboratories are often, amengst others, the result of the
following:

* A perceived idea of a central location relative to markets and major hospitals

. Hisbncrusonslmtmayormaynotmﬂoctmogoognphicdismbuuonofmemrkct
. mewmawmumoaﬂomwﬁqofhbomwm.

* The availability of qualified laboratory personnel.

mwmmmmmmuwmmmm. Vertices will
mmmmwmmmmmmmm; These vertices
wmbolmmwmonfomtoum. Sincow.monlyooneomwmmom
mamm-mmcmmmmdmm.nmom-mmt
onphmboanundinmagmm

5.2.1.1 Vertices

Toldonmyaamonmonofm.undimcbdgmphnmmrybmdydm
hbonwmmmnAmpammewm(Dnsmm.Kw&Pmmwondu
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5212

5213

Busson & Partners) and their réspective markets In those regions where mora than

one of the practices had laboratories they were combined to form one vertex By

combining these locations it was Possible to reduce the number of vertices significantly

This ensures a less complicated model without significantly interfering with the outcome

of the result. This assumption is valid for the followirig reasons:

* In most regions the laboratories are located in Close proximity, since the location of
pathology laboratories is dependent on the location of hospitals, clinics, physician's
offices, specialist's offices, etc

* In centralised routine laboratory testing both laboratories witt send their work to the
Same central facility. Since the distance from the peripheral laboratories to the
central laboratory is much greater than the distance between the peripheral
laboratories, in the same region, the model will not be Influenced significantly

The 22 laboratory regions forming the vertices of the graph are the Brits-. Rustenburg-,
Pretoria-, Potgietersrus-. Pietersburg-, Tzaneen. Louis  Trichargt., Midrand-,

Krugersde.p-, Johannesburg-. Kempton Park-. Boksburg-, Benoni-,  Witbank-.
Middelburg-, Nelspruit-, Potchefstroom-, Alberton-, Germiston-, Trichardt-, Springs- and

Edges

Thoniohumignedrooachlabora!orycanbeueanmse
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Table 5.6: Weights assigned to the laboratory regions in the network
[CABOGRATORY_ ~ | BRUINETTE | DU BUISSON| TOTAL |
BRITS J 0 1385 1385
RUSTENBURG 0 13319 13319
PRETORIA 2248 48557 50805
POTGIETERSRUS 544 0 544
PIETERSBURG 2175 5117 7292
TZANEEN 0 1271 1271
LOUIS TRICHARDT 0 400 400
MIDRAND G 952 952
KRUGERSDORP 6276 0 5276
JOHANNESBURG 23800 5342 29142
KEMPTON PARK 3992 8466 12458| ~
[BOKSBURG 831 3394 4225
[BENONI 1732 5703 7435
WITBANK 0 3506 3506
MIDDELBURG 0 3680 3680
NELSPRUIT 524 65448 6972
POTCHEFSTROOM 0 2860 2860
ALBERTON 3853 4306 8159
GERMISTON 609 269 878
TRICHARDT 0 5831 6831
SPRINGS 996 5169 6165
ERMELOQ 0 1304 1304
EASTERN CAPE 0 11488 11488
[TOTAAL a 13976 1

5.2.2 Data collection

5221

5222

Edges

The length of the edges, the values in the distance matrix, was oblained from the actual
odometer readings of the vehicles servicin_  3se routes. The couriers were asked to
physically write down the odometer reading at each stop. The data was collated by the
transport manager and different couiiers were sent on the same route to attain a high
degree of confidence in the accuracy.

Weights

The average number of patients per month was collected from standard reports
generated by the common Meditech LIS (Laboratory Information System) that is used
by both practices. Extensive spreadsheet manipulation was required to standardise the
way in which patients are counted.
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The reason for this difference is due to tre different philosophies of each individual
practice. The Drs. Bruinette, Kramer & Partners practice counts the patient at the
location where the tests are actually performed, and not at the location that the patient
sample actually entered into the pathology network! This means that if a patient
sample entered the pathology system at the Krugersdorp laboratory, but the actual test
is performed in Johannesburg due to a degree of specialisation required that is not
available at the peripheral laboratory, then the patient will be counted at the
Johannesburg laboratory. The Drs du Buisson & Partners LIS is set-up to count the
patient at the location where it entered the Pathology network, and this method is
referred to as the origination method. To standardise this the data was manipulated to
conform to the origination method, as this will give us a much better indication of the
relative weight of the different locations

5.2.3 Weighted map

[

+ Louils Trichardt

Pietersburg Tzaneen
< Potgietersrus

Rustenburg —~ B-.m .Pretoria - Nelspruil
e -+ Middelburg

Krugersdorp -4+ " ~ Witbank

JMMWW%
; T - Emmelo
Polchefstroom - 0RO

Figure 5.2: A weighted grapn indicating the location of the different vertices used in the model.
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For the correct interpretation of the output of the model it was necessary to draw the
map on scale A Mapstudio map was used as basis and the relevant points were
drawn in a TurboCad “-awing program The scaled drawing makes it easier to
communicate the o« the decision-makers and it also facilitates the visual
validation of the resulls. 1nhe number of patients orrginating at each region is indicated
by the area of the circle with its centre on the laboratory The map can be seen in
figure 52

5.2.4 Classification of the location problem

-

To understand the reasoning for the specific route followed to establish the location of the
central routine facilitv it is importan: to classify the location according to the three
characteristics as explained in Optim sation Algorithms for Networks and Graphs [Evans,
1992:364]

5.2.4.1 Potential location of the facility

It would theoretically be possible to establish the facility on *he vertex or anywhere on
the network. In the location problem of emergency services this is how it should be, but
it must be kept in mind that this is only the routine facility and there the advantages of
having it located at the vertices rather than somewhere on the edges far outweighs the
added advantage in TAT. The support services that the roitine laboratory must rely on
include suppliers, reliable power and water supply, telephones, warehousing, etc. and
these are usually located at the vertices

5.2.4.2 The location of demand
The health services (hospitais, clinics, physician's offices, etc.) are more likely to be
found on the vertices, as they will tend to service higher density populations and it is
only in very specialised health services that patients from outside the community will
play a. important role.  Since the pathology laboratories are dependent on the location
of the other health services they are bound to be in the same proximity.

5.2.4.3 Objective function

The objective function for this specific problem is twofold. Firstly, as a health service or
emergency service the objective will be to minimise the maximum travel cost. This is
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necessary in order to provide the peripheral laboratory with the best possible TAT
Secondly, for a central routine pathoiogy laboratory the cost pressure exercised by a
changing health care environment creates the need to minimise the total maximum
cost

It will therefore be necessary to find a solution that satisfies both the objectives as
discussed in the previous paragraph. Since both the location and the demand occur at
the vertices in this model it is necessary to calculate the centre and the median for *'''s
problem

5.2.5 Calculation of centre and median

The centre is that vertex in the neiwork that Is located in such a way that the vertex in the
network that is the furthest away from it is as close as possible The median is that
vertice in the network that is located in such a way that the total distance to all the other
vertices in the network is a minimum.,

5.2.5.1 Floyd's shortest-path algorithm

In order to calculate the centre and median it is necessary to first calculate the shortest
distance matrix. This shortest distance matrix is the matrix that indicates the shortest
distance between all pairs of vertices in the network.  This matrix can be very efficiently
caliculated by using Floyd's shortest-path algorithm. The resuitant shortest distance
matrix can be seen in table 22 of Appendix A.

The algorithm was solved by using an Excel spreadsheet. The spreadsheet was used
since it would be easy to allow interactive participation from the decision makers. The
total printout of the spreadsheet can be seen in Appendix A.

5.2.5.2 Weighted matrix

The measure of the cost for the central laboratory of collecting the specimens from the
different laboratories is a function of the distance between the laboratories and the
number of patients originating at each laboratory

C =fld:p) [Equation 5.1]
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Where,
e C= Measure of cost of collecting specimens from laboratory
s g= Actual distance travelied in kilometre between laboratory i and the central
laboratory

5.253

5254

® p= Number of patients onginating at laboratory |
To aliow for the weights, every column in the shortest distance matrix is multiplied by

the weight of the coresponding vertex. The result is a we'ghted shortest disance
Matrix that can be used in the calculation of the median and centre

specimens from the individual laboratories.

rce¥ ria,.5.) (Equation 5.2)

Where:

* TC B Measure of total cost of Collecting specimens from ail
laboratories in the network
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5.2.6 Results

In table 57 is the result of the spreadsheet calculations To make it easier to evaluate
the results they are ranked in order, from the smallest value to the bigyest value

Table 5.7: The resuits of the spreadsheet calculation

MEDIAN CENTER
LABORATORY WEIGHTED SUM | RANK | WEIGHTED MAX | RANK
BRITS 27712962| 11 3788395| 9
[RUSTENBURG 3553844 14 5096620! 12
PRETORIA 16410567 B 2830429| 3
POTGIETERSRUS 50345952 17 11431163 16 .
PIETERSBURG 50669583| 18 14225447| 18
TZANEEN 75729421 21 18645406 20
LOUIS TRICHARDT 80115474| 22 19814015| 21
MIDRAND 15615742 1 2628256 2
KRUGERSDORP 21948382| 10 3556362 7
JOHANNESBURG 16766558| 6 3048310] 6
KEMPTON PARK 15631512 2 : 2523683 1
BOKSBURG 16245445 3 2997505 &
BENONI 16259097 4 2895895| 4
WITBANK 30627750| 12 8484463 13
MIDDELBURG 35035637 13 10008618| 14
NELSPRUIT_ 71297741] 20 20626898| 22
POTCHEFSTROOM 42208184| 15 10161033 15
ALBERTON 18891964| 8 3962803| 10
GERMISTON 18460271 7 3556362 7
[TRICHARDT 42700902| 16 11990018| 17
SPRINGS 19582088 o 4115218] 11
ERMELO 61184691 19 170705368 19

If we look at the median it is very interesting to see that there is almost no difference
between the first two laboratones, namely Midrand and Kempton Park.  The difference is
only 0,1% and therefore both these locations can be taken as optimal The centre is
much more clear-cut with Kempton Park being more than 4% better than Midrand

These answers are not surprising, keeping in mind the results of the previous method  If
these results are compared with our practical experience we would have expected
Midrand and Kempton Park to be the better locations for a centralised laboratory Each
one of these locations has its own unique charactenstics that will be eva'iated in the
qualitative analysis
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5.3 Qualitative anaiysis

The lesting of blood, urine and other specimens closeh resembles manufactunng and the
Same broad criteria that apply to the location of manuiactuning plants will therefore aiso
apply to the location of a central pathology laboratory: The foliowing discussion will
addrass the selection of the market region and the physical site by taking into account the
market share. market potential, infrastructure transportation (inbound and outbound)

5.3.1 Steps in deciding on the final location

5.3.1.1 Market

Because of its proximity to the Johannesburg International Airport, Kempton Park will
bomloelbonolchm'ormocommwumlaoomorymum
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Table 5.8: Weekly South Afnican Airways domestic flights between major South African airports

JHBINT | BLMINT | CPTINT | ELINT | DBNINT | TOTAL

JOHANNESBURG INT 0 a7 98 34 87 266
BLOEMFONTEIN INT 38 0 22 24 32 116
[CAPE TOWN INT 95 17 0 25 59 196
EAST LONDON % 30 25 T 25 116
DURBAN INT 98 50 82 24 0 234
Hro' TAL 267 144 207 107 203 923
5.3.1.2 Road infrastructure

The road infrastructure forms the arteries of the courier system Easy access“o the
major highways and airports are therefore essential in choosing the correct location
The main highways in this region include the N1 N3 N12 N17 R21 R24 and R28
Both Midrand and Kempton Park provide relatively easy access to these highways
The heavy congestion in and around Midrand. especially during peak traffic hours,
disqualifies Micrand, and therefore Kempton Park will be preferred

Public transport

A reliable public transport system is seriously lacking in South Afnca Public transport,
however imited, 1s more readily avalable in Midrand than in Kempton Park It will
therefore be easier for the laboratory personnel, who are dependent on public
transpori, to commule o Miirand The technologists and technicians, who are
essential 1o the operaton of the central routine factlity. are as a rule more mobile than
the non-tecnnical staff and therefore not as dependent on public transport The non-
technical staff will be required In the regional and pernipheral laboratones to operate the
Jre-analytcal laboratories and courier networks of the regicns  The nursing staff will be
responsible for the depots and will not be affectea by the centralisation at all For this
reason, public transport will not have a senous impact on the location decision

5.3.1.4 Facility infrastr ucture

The existing facility at Kempton Park is less than two years old and was originally
dasigned 1o becoms an automated laboratory It has an open plan design ‘hat will
faciitate \he afficient flow of he snacuens through the laboratory It differs from the
axisting faciibes (614 Pretonus, Street Bosman Buicding and Durdoc Building) in that all
the laboratory activilies can be accommodair * on the ground ficor In Total Laboratory
Automation (TLA). the singie most expensive part of the specimen transport system is
the vertical transgortaton of specimens Mult-storey buildings lead to a focus on
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functions rather than focusing on technology The masterplan for the facility makes
provision to add anather 1 650 m® to the current laboratory floor space of 1 600 m* to
ensure enough capacity to cope with any increase in specimen volumes. In “empton
Park addilional floor space can be acquired at less than 50% of the cost of equivalent
floor space in the Midrand area. With the pressure on cost containment this a very
important facior to consider, since 7% of the total cost is spent on rent and levies

Logistics

The inbound logistics of the value chain will provide us with an opportunity to improve
the TAT The inbound transportation nrimarily includes the collection of specimens and
request forms, and this function is performed by our in-house courier department
Another important component, which 1s sometimes underestimated, s the delivery of
equipment, reagents and consumables to the laboratory All the major suppliers of
pathology equipment, reagents and consumables are net importers  Since most of the
equipment, reagents and consumables are imported directly from Europe and the
United States, with very short lead times, none of the major suppliers carry any stock in
South Africa The delivery to the laboratories resembles a JIT (Jus: In Time) system
with deliveries directly from the Airport. The location at Kempton Park will therefore be
ideal, especially for the refngerated reagents

The logistics companies r . the premises adjacent to the facility in Kempton Park can
provide counter-to-laboratory services that will expedite the retrieval of specimens rom
the incoming flights. Currently it takes mare than two hours from the time the fligrt has
landed to the time that the specimans are received at the Pretoria and Johannasburg
regional laboratones. This ime can be cut by more than 50% to have a significant
impact (between 15 and 20% depending on the origination of the specimer) on the
TAT for specimens flown in from the other regions

The output of the pathology laboratory is a test result that is mostly sent electronically,
and therefore it has a negligible impact on the TAT The balance of the repons
(results) is distributed to the clients via the same courer network that caollects the
specimens and reques! forms The same critena that were used previously can now be
used to indicate that Kempton Park will be the preferred location EDI takes care of
most of the invoices and statements that are sent to the medical aids Mo oical waste,
which s a product of the analytical process 1s becoming less with the introduction of
the new technology and 1s of no real concern in choosing the location
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5.3.1.6 Services

The supply of services (electricity. voice and data lines) is of critical importance
Because the Meditech LIS is a mainframe system. with the hardware located off-site,
the theft of copper cables poses a real threat to the operation of the laboratory. Moving
the hardware to the central routine facility can reduce tfus risk

Unfortunately Kempton Park is prone to power fallures due to heavy thunderstorm
activites. This problem has been successfully resolved with the installation of
generators and UPS's (Uninterruptable Power Supplies)

5.3.2 Results

This qualitative analysis supports the calculation of the centre and median earlier in this

chapter which indicated that Kempton Park will form the centre (4% cheaper according to

our definition than Midrand) of the laboratory network Kempton Park i1s chosen as the

most suitable location for the routine pathology laboratory for the following reasons:

¢ This site is in close proximity (less than 5 kilometres) to Johannesburg International
Airport that has the highest frequency of incoming domestic flights

« This site provides easy access to the road infrastructure that forms the arteries of the
specimen collection system

* The existing facility is a well-designed laboratary with enough space to expand with
an increase in patient volumes at a relative low cost compared to other sites

* All the major suppliers of diagnostic products have their head offices in Gauteng and
this ensures short lead-times for equipment, reagents and consumables
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6. Conclusions and Recommeridations

Future trends will include the formation of larger central patholor . aberatones owned by health
caie groups instead of the traditional pathologist owned laboratz s The SmithKline Beecham
and Quest Laboratories are already proof of this increase ~rive towards the centralisation of

pathology laboratories managed by business people. The 2 ¢l whether the laboratories
should be centralised or deceritralised is not an either or ¢ Yt rather o~e of where the
optimal performance will be achieved, since decentralised . vill always have its rightful

place in the pathology testing matrix

The very strong demand in terms of time, cost and quality has had an impact on all laboratories
Firstly, the financial pressure influences the number and type of tests requested by physicians,
specialist and other professionals using pathology laboratones, and it will increasingly lead to a
reduction in the income of pathology laboratories Secondly, despite these cost preéssures
patients are much more Informed and demand a better service both in terms of TAT and
increased information content of the report

These demands mean that the managers of the centralised laboratones will remain under

continued pressure

» They will have to reduce their fixed and vanable cost Due to the relatively high fixed cost to
variable cost ratio it is very difficult for a decentralised laboratory to perform many of the
routine pathology tests profitably Economies of scale can be achieved by centralising these
tests to a centralised facility where it can be performed profitably

o They wil have to ensure that their TAT stays within acceptable levels, as this i1s the
performance measure used by their clients.

o They will have to undergo accreditation to ensure compliance with international standards,
applicable to pathology laboratones, in order to imit non-analytical sources of error

e They will have to install rapid delivery systems tc ensure agility in a rapidly changing
diagnostic environment

As a result of the high cost of achieving TLA (Total Laboratory Automation) Business Process
Re-engineering of the central routine pathology laboratory should be focussed on flexible
automation to achieve the required savings and coerational efficiencies in the short, medium and

long term
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Centralisation will provide the routine pathology laboratories with the following advantages
* Low variable incremental, and process control cost per test

¢ Low total error rate in an operator neutral and automated environment

* Quality improvement philosonhy

* Operational and administrative advantages of centralised management

« Easier communication in a centralised laboratory enviranment

The calculation of the centre and median from the weighted shortest distance matrix. calculated

by means of Floyd s shortest-path algorithm, of the laboratory network has shown that the central

routine pathology laboratory should be located at the Kempton Park laboratory _ This

recommendation is supported by a number of factors that was taken into consideration by the

qualitative analysis

* Less than 25% of Ampath's total turnover originates from outside this region,

* This site is in close proximity (less than 5 kilometres) to Johannesburg International Airport
that has the highest frequency of incoming domestic flights

* This site provides easy access to the road infrastructure that forms the areries of the
specimen collection system

» The existing facility is a well-designed laboratory with enough space to axpand with an
increase in patient volumes at a relative low cost compared to other sites

* All the major suppliers of diagnostic products have their head offices in Gauteng and this
ensures short lead-times for equipment, reagents and consumables
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SPREADSHEET

This is a short introduction to Floyd's shortest-path algorithm and the calculation of the centre and the
median It shortly refers to the different worksheets (tavies) in this spreadsheet (appendix)

1.

Introduction

Floyd's shortest-path algorithm can be used to Calcuiate the shortest path be ween every pair of
vertices in the graph The following is only a definition of Floyd's shortest-pz th algonthm and it is

by no means a complete discussion. A comprehensive discussion of this algorithm can be found

in Oplimization Algornthms for Networks andg Graphs by James R Evans and Edward Minieka
[1992:93-99)

Step 1. Number the vertices of 8raph 1.2. . .m. Determine the matrix D" whose /, th element
equals the length of the shortest arc from vertex / to vertex /. #any If no such arc exists let d’,, =X

Letd®, = 0 for each ;
Step2 Fork = 1 2 m. successively determine the elements of O* from the elements of D"’

using the following recursive formula y
d.' =m'n{d.- - ’d. ',l,d. ,)

As each element is dete.mined, record the path that it represents Upcen termination, the Jth
element of matrix O™ rep-esents the length of a snonest path from vertex / to vertex J

Weights of laboratories

The weights of the different lanoratonies are calculated here Dy adding the volumes of the two
practices (Drs. du Buisson & Partners and Drs. Bruinette. Kramer & Partners) concerned

Eloyd's Aigorithm

Weights. The weights seen at the top of the shortest distance matrix are used as an indication of
the importance of the laboratory It follows directly from the “total” column in worksheet number 2
Ristance Matrix: This table shows the actual distance travelled between the different laboratones
Iables 1-22 Calculation of the shortest distance matr *apje 22) by means of Floyd's Algerithm
Imzzm This table is calculatad bv Lsing the weights (worksheet 2) of the different
laboratories and the shortest distance matrix (table 22)

Centre and Median Caiculation

Centre. For each row (table 22 weighted) the maximum value is taken The laboratory for which
the maximum is a minimum will be at the centre For ease of use the maximum values are ranked
Median. For each row (table 22 weighted) the sums are Calculated The laboratory for which the
Sum is a minimum will be at the median For ease of use the sums are ranked
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FLOYD'S ALGORITHM
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Page XXVIII
U L i » »
v - - < s o 4
ASL “ ‘*‘_f.g-' S L - Mk RN

BRITS 27712962 177% K 3758395 150% 9
RUSTENBURG 35538544 220% 14 6096620 242% 12
PRETORIA 16410567 105% 5 2830425 112% 3
POTGIETERSRUS 50345952 322% 17 11431163 453% 16
PIETERSBURG 59669583 382% 1 14225447 564% 18
75729421 485% z 18645496 739% 20
80115474 513% 22 19814015 785% 21
15615742 100% [ 2628256 104% 2
21948382 141% 10 3556362 141% 7|
16766552 107% 6 3048210 121% 6
15631512 100% 2 2523683 100% 1
15245445 104% 3 2997505 119% 5
16259097 104% 4 2395895 115% 4
30627750 196% 12 8484462 336% 13
35035637 224% 13 10008618 397% 14
71297741 457% 20 20626898 817% 22
42208184 270% 15 10181033 403% 15
18891964 121% 8 3962803 157% 1g|
18460271 118% 7 3556362 141% 7
42700902 273% 16 11980019 475% 17
19582088 125% 9 4115219 163% 1
61184691 392% 19 17070536 676% 19
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Appendix B: Break-even analysg

of selected tests

University of Stellenbosch Department of industrial engineering
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Page XXX
1 20 40 60 100]
Variable cost R7 44 R148 80 R297 60 R446 40 R595.20 R744.00
Fixed cost R1,34930 | R1.24930 | R1,34930| R1349.30| R1,34930| R1,349.30
Total Cost R1,35674 | R149810, R1£4690| R1,79570| R124450| R209330
Income R46.50 R93000 | F'86000 | R2790.00| R372000| R4650.00
ost per test R1.356.74 R7a91] RATI7T]|  R2903|  R2aqT|
R300000 - ——— - —
RAS0000 4 cvvvcvmscrmmn cinnmnnn
R400000 4------
R3,50000
‘ ——Total Cost |
e S
| " 1
| ! SpaS 1 |
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Page XXXI
1 a0 80 100]
Variable cost R10.32 R2C6 40 R412.80 R619.20 R82560 | R1,03200
Fixed cost R1,802.90 R1,802.90 R1.,802.90 R1,802.90 R1,802.90 R1,802 90
Total Cos R1,813.22 R2,009.30 R2,21570 R242210 R2,628.50 R2,834 .90
Income R74.80 R1,496.00 R2,992.00 R4,488.00 R5,984.00 R7,480.00
per test 1.81 T R55.30 | RAJA7 R32.86 R28.35 |
——Total Cost |
——— Income
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CA 153 AMPATH TRUST
1 40 60 80 1
Variable cost R11.16 R446 .40 R669.60 R89280 | R1,116.00
Fixed cost R1,935.20 R193520| R193520| R1,93520| R1,93520
Total Cost R1,946.36 R238180| R260480| R282800| R3,051.20
Income R74.80 R299200| R448800| RS598400| R7.480.00
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CA 125

AMPATH TRUST

1 2 a0 0 700]
Variable cost R11.16| R22320 R446 40 R66960| R89280| R1,116.00
Fixed cost R193520| R103520| R193520| R193520| R183520| R1.93520
Total Cost R194636 | R2,15840 | R2,38160| R260480| R282800| R3,051.20
Income R7480 | R149600| R299200| R448800| R598400| R7.480.00
st per test 1,046 36 | ~ R5054 | RA341 R35 35 R3051

R8,00000
R7,000.00
R6,000.00
| RS,00000
R4,000 00
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FERRITIN

AMPATH TRUST

1 40 60 80 100
R4 62 R92 40 R184.80 R277.20 R369.60 R462.00
R905.14 R905.14 R905.14 R805.14 R905.14 R805.14

Total Cost
Income

R909.76 R99754 | R1089.94 | R1,18234| R127474| R1367.14
R46 .50 R93000| R1860.00| R2790.00| R3,720.00| R465000

t per test

RO0076 | RADBB |  R27.25 R19.71 R1503 R1367 |

LY S — S ——

R4,50000
R4,00C.00
R3.500.00
R3,000.00
R2,50000
R2,000.00
R1,500.00

R1,000.00
RS00.00




Stellenbosch University https://scholar.sun.ac.za

COST SUMMARY

AMPATH TRUST
AXSYM SAMPLE § of 46
N 3 d % E

VARIABLE COST PER INSTRUMENT . S S 3 éE' 3.

Ci ional Laboratory - Quantity 1000 620 450 320 2500 4890
ICityRegionalubomory-Com R8.79 R13.23 R15 46 R17 21 R4 98

|City Regional Laboratory - Total Cost R8,789.30 | R8,201.30 | R6,957.20 | RS5,506.40 | R12,455.14 | R41,909.34
|Peripheral Laboratory - Quantity 16 36 5 5 4 66
[Peripheral Laboratory - Cost s R91.77 R6040 | R39820| R39820 R230 91

Peripheral Laboratory - Total Cost R1,468.34 | R2,17442 | R1,991.00 | R1,991.00 R923.62 | R8,548.38
Ampath - Total Cost R10,257.64 | R10,375.72 | R8,948.20 | R7,497.4C | R13,378.76 | R50,457.72
Income R46.50 R74 80 R74 80 R74 80 R46.50
|Profit/(loss) by doing work in the peripheral labs (R724 34) R51838 | (R1,617.00)] (R1,617.00) (R737.62)] (R4,177.58)|
Profit/(loss) by doin;(work in the main lab R603.37 | R2,21660 R296.70 R287 .96 R16607 | R3,570.70
Ampath Advantage/(Disadvantage) by centralizing | R1327.71 [ R1,69822| R1,91370| R1,90496 R903.6% | R7,748.28

AXXX a8eq
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Appendix C: Menu of routine tests

University of Stellenbosch Department of industrial engineering
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SYM

LX20 BECKMAN

LX4201 BECKMAN

[Cx9 BECKMAN

X5 BECKMAN

S$700 BM

S 300 BM

ACCESS

ARRAY

N"S BECKMAN

BECKMAN

[MAXM BECKMAN

IACT DIFF BECKMAN

ACT 8 BECKMAN

ICX3 DELTA BECKMAN

YSYS

IHITACH! 802 BM

HITACHI 811/912 BM

IHITACHI 817 BM

HITACHI 747 BM

ICELL-DYN 3200 ABBOTT

HRING NEPHELOMETER
ING ELISA
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- UNA U UK »
° s it TSI, PUISION & FarTnert :
OR : 4 0.0 ’ LA ::,‘. A '.’1 —

BRITS 0 0 0 0 0 0 0 0 0
RUSTENSURG 31l 10 13 13 55 0 0 0 0
PRETORIA o 660| 194 240 294 1027 8| 21 18 13 B
POTG'ETERSRUS o] 0 0 0 0 0 0 0 0 0
PIETERGBURG 53 23 28 53 120 0 0 0 0 0
ITZANEEN 8 0 3 10 3 0 0 0 0 0)
LOUIS TRICHARDT 5 0 3 0 3 0 0 0 0 0
MIDRAND 18} 0 0 8 8 0 0 0 0 9
KRUGERSDORP 0 0 0 0 78 4 13 30 133
JOHANNESBURG 45 3 0 15 328 50 41 79 147 917
KEMPTON PARK 23 18 28 18 108 4 30 9 a9 90
BOKSBURG 35 3 5 8 165 13 0 4 g 13
BENONI 10 3 5 8 135 0 0 0 17 21
\WITBANK 20 15 10 13 35 0 0 0 0 0
{MIDDELBURG 28 8 15 8 30 0 0 0 0 0
INELSPRUIT 53 8 30 13 70 0 0 0 0 0
POTCHEFSTROOM 3 3 3 3 43 0 0 0 0 0

TON 15 5 8 10 53 0 0 13 9 189
GERMISTON o] 0 0 0 0 4 4 4 26 107
[TRICHARDT 8| 15 20 13 90 0 0 0 0 0
SPRINGS 53| 23 3 51 71 0 0 9 4 0
ERMELO | 0 U 0 5 0 0 0 0 0
EASTERN CAPE 48| 70 80 108 53 0 0 0 [ 0
TOTAAL 1119] 401 502 646 2402 157 100 149 294 1487

W

mix =
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Appendix E: Thyroid, Tumour
Markers and Ovarian

testing

Universitv of Stellenbosch Department of industrial engineering
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c Diftorence
14545 ]
R4 29 RO
O . — 1Y) REIT Re8 079 82398 E‘.
Ou Bulsson  East Loadsn c Difference
oS L1 455 0 4203 %4 17715 17758 1]
R4 29 RS 14 RS 38 RO 00 R4 W R4 2 R4 38 R4 27 RO 11
[ S N S ) SO M./ W_— | -1}
Ou Bulsson  East Londen v Difterence
13338 608 46 0 5308 409 24380 24306 o
R4 27 R4 82 RS 18 RO 00 Re 13 R4 36 R4 2 R4 26 RO 08
) — . 1L .01 8
Ou Bulsson  Easl Londen Nelsp v [+ Ditferencs
e " mn ‘. 1149 " 6268 ouss ]
RS 16 KV 50 Re 2 LALLE ] RS 59 3 RO 05 "o 12 RO 5)
1 —1 L —_11 % 0
Ou Bulsson  East Londen Nelsprun Pletersburg Bruinette C Oifarence
074 150 126 v 1058 343 e e o
R& R0 L) RO 00 RO 64 R7 ™ L) RS 20 RO 71
E!i ';ﬁ ; ) X
Ou Bulsson  East Londen v Ue Oifterence
2040 EL 2 %5 0 un e sy s o
Iii RE 60 RO 68 RO 00 e 30 Ro 50 ?I e 0o g"
Ou Bumson  East Londen Netep v C ODefterence
2007 w "0 0 L a2 4y 40y 0
ﬁg R13 08 Ri2 78 Ua HO 85 RT 5 HE o RS RO 70
Ou Bulsson  East Londen o 9 L] O Difterwnce
Il.ii‘o !-. M‘ui Raw 7: l!? Ml‘:' nu.‘n‘ “"-;3 ﬁll.
Ou Bulsson  Easl Londen Netspruit Piatersbury Centralne  Difference
"?l‘ : RO 4 ~D° RH':I' n I':, ﬂ“::. L B'
— E B — L "o £
——— —— —
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CA128

Laboratory Du Bulsson  East Lon Nelspruil Pletarsburg Bruinette B D c Ditte
Volume 284 0 0 186 484 484 [
Direct Reagent Cost per Test R34 82 R3 RO 00 RO 00 R39 73 RAT 84 R31 25 R1C 5§
Total Direct Reagent Cost ¥ RO R7,380 RO 248 R15,125 RS,123
[NT5}

Laboratory Du Bulsson  East Londen Nelspr 2 9 Bruin Bouwer Decentralise  Ci Diffe
Volume 423 5 0 0 182 610 610 0
Direct Reagent Cost per Tes! R13 87 R244 31 RO 00 RO 00 R17 52 - R16 85 R13 02 R3 83
Total Direct Reagent Cost 1 RO RO R3, 189 RO R10,277 RT 842 R2,338
CA1NS

Laboratory Du Buisson  East Londen Nelspruit Pietersburg Bruinette Bouwer Decentralise Centralise  Diference
Volume s b 0 0 ) 1M 134 0
Direct Reagent Cost per Test R12 30 RS5 64 RO 00 RO 00 R12 % R1317 R 24 R193
Total Direct Reagent Cost éif Ri33 [} RO RS 342 RO R14.831 R12,748 R2,188
PSA

LaLoratory Du Buisson  East Londen Neispruit Plate '] 8 8 Decentralise Centralise  Difference
Volume 3464 02 0 0 1492 5250 5258 0
Direct Reagent Cost per Test R8 79 R11 58 RO 00 RO 00 RY 14 905 RS 70 RO 35
Total Direct Reagent Cost ‘i”,_g RO RO R13,637 RO R47 583 R45,745 R1,838
EREE PSA

Laborstory Du Bulsson  East Londen Nelap P 9 8 Bouwer D W Centralk Clte
Voluma 88 » 0 0 0 " " 0
Direct Reagent Cost per Test R22 1 R47 12 RO 00 RO 00 RO00_ R28 46 R19 29 R 17
Total Direct Reagent Cost - Ri366 RO RO RO RO R3,330 R225T  R10T
AEP

Laborstory Du Bulsson  East Londen Nolspruit P % 8 [} Dec h = Ditfer
Volume 1202 0 (] 0 187 1395 1395 0
Direct Reagent Cost per 1est R 11 RO 00 R144 03 RO 00 R1t 81 o 19 8 01 R 18
Total Direct Reagent Cout _ReTa RO Ris4 RO R3.208 RO Rizaa Wil Rigar
Hea

Laloratory Du Bulsson  East Londen Nelspruit Pletersburg Bruinette Bouwer Decentralise Centralise  Difference
Volume e 0 0 0 3w 07 (1 0
Direct Reagent Cost per Test RIS RO 00 RO 00 RO 00 R45 01 R1S 41 R13 85 R1S6
* otal Direct Reagent Cost RioBs W RO RO R1.788 RO h12,689 “R11.315 R1,277
EERPITIN

Laborstory Du Bulsson  East Londen Nelspruit Pletersburg Bruinette Bouwer Degentraline Centralise  Difference
Volume 24 0 (3] 0 1768 073 4073 o
Direct Raagent Cost per Test 20 LALEL) RO 00 R4 s RS 03 Ra 76 RO 27
T et Resger Con L e A . S N S .13

Wil St g ot —mndl SO NUN WO WUN  WOw TOUN BRSO

IATX afeg



Stellenbosch University https://scholar.sun.ac.za

T ARRFIN CMCULALGE ARG
1. 0% of volume from 18HO0 1o 24HO00.
2. 00 tenie par howr runing sl TE% of

Capaciy
3 Cannot wse lracuons of an enslyser

© PROrnnael AN WANOD SAUMEUONS

11 Tachnologist per intertace per shilt
1 2o per duy,

3 S6AT% of shalt for day sl

1 00% of volume irom 18HOO o 24M00.
1. 100 1ests par hour running ot TE% of

capecity
3 Cannot use lrections of an enalyser

 Prorunosl ek ulabion ssaumution
1 Up o 41-2000 analysers per interface.
2 280N per day

120780 37140 ) - 200228 163104 1250880 1250580 0
RAS0S072  RMS540  R245.100 RZIA24  RIGISO65  ROAZE0)  RBOZ70D  RIS4ONIS  R492568
s 1 ] ' 2 1 " ] a
L 2 2 2 “ 2 N 2 7
RS,500 RS 50 3,500 RS 500 RS.500 5,500 RS 500 RSSO0 RSSO0
R49.500 11,000 11,000 R11.000 R22 000 RINO00  M115.500 RE6000  R38.500
RIGA000  RISZO00  RI32000  RIJZO00 264000  RIB2000  RIJSE000  RIS2000  A462.000
WA NA A WA A A NA 3 NA
WA NA NA WA WA A WA 2 N
WA WA NA WA WA WA WA RSSO0 NA
NA WA WA A WA WA WA RITO0 WA
WA NA WA W WA WA WA RIZ2000  NA
R9,426,70)
R8,341,838
7,681,838
R3%4,000 a2
1,754,000 %0.40%
Ren2.888 PRIt
R4v2.860 o 1%
R1.006.060 e
1,748,880 L |

HATX a8egd
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Appendix F: Excel spreadsheet

University of Stellenbosch Departrent of industrial engineering





