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Abstract

Medical genetic testing is starting to change dalipractice in many nations. Our New Zealand
(NZ) genetic services stakeholder interviews idiewti four distinct service delivery models,
namely Patient-Doctor-Counsellor Model, Patient-BmelLab Model, Patient-Counsellor-Lab
Model, and Patient-Lab (Commercial) Model. This @ampplies unified modeling language
(UML) activity diagrams to describe the workflows e€ach of the four models. Based on
participant comments, we analyse the strengthsveeaknesses of each model, finding problems
such as insufficient knowledge and little commummcaamong stakeholders. With the different
referral processes and non-standardised documemtatin the multiple models, the
communication of genetic testing results and tlmiplications is not managed in a systematic
manner. In particular, inadequate information is aflable to stakeholders, incomplete
documentation is recorded in some models, and tisdittle support for communication or result
dissemination. Targeting these problems, infornmatiechnology (IT) development has the
potential to meet genetic services stakeholdefsrination and communication needs. Future IT
implementation in the domain should be tailoredassist key tasks such as test referral, risk
assessment, documentation recording, and resudedimation. Helpful health IT support might
include clinical decision support systems (DSSReéerrals, shared electronic health records
(EHR), and personal health records (PHR).

1. Introduction

Medical genetic testing produces valuable inforovafor diagnosis, treatment, prognosis, and thédavze of adverse
drug reaction. A few examples include hemochronistgene (HFE) testing for haemochromatosis diagndsiman

epidermal growth factor receptor 2 gene (HER2)ingstor choosing breast cancer therapy, huntingéne (HTT)

testing for predicting risk of Huntington’s diseasend thiopurine S-methyltransferase (TPMT) gerstirtg for

prescribing azathioprine. Genetic services, whifferogenetic testing and result interpretation, éhan increasing
impact on clinical practice, by providing eviderfoe preventive prognoses and personalised treasjéhtOne type
of genetic services delivery model operating in N&aaland (NZ) is through a formal Genetic ServicegPam. It is a
tertiary health service consisting of two region#flces: Northern Regional Genetic Service, andt@ér& Southern

Regional Genetics Service. They provide individuatel families with education and information, famflistory

documentation and assessment, clinical assessmentliagnosis, and patient management [2]. Questiensin,

however concerning the lack of systematic storagk teansfer of genetic testing results. Aiming &velop genetic
information management principles, we conductedemistructured interview study with NZ genetic seeg

stakeholders. Their experience and perceptiongifiehhow the genetic services system does (os thmt) work, and
their information requirements, expectations, amacerns suggested how the system should work ifutbee.

2. Methods

This paper is based on comments made by forty-gighticipants representing ten significant rolesNidi genetic
services — patient and family member, general pii@oer (GP), specialist, clinical geneticist, géaecounsellor
(genetic associate), genetic testing laboratomndist, director of a health institution that iseditly involved in genetic
services delivery (such as hospital, medical lalsegional genetic service), clinical advisor atirmdirect health service
(for example, health insurance provider), manadgetha Ministry of Health, advisor at the Privacy @mission,
information technology (IT) advisor at the Ministof Health or a District Health Board (DHB), healfh vendor,
health IT researcher, and genetics researcher. dbservation and interview questions focused onigiaants’
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operating procedures and their actual experieno@leimenting adapted grounded theory [3, 4], datands are
identified from participant comments only. Takingchtical view [5], we then compare the differendastween

multiple perspectives. Unified modeling languageM(l) activity diagrams with swimlanes are used todwmiothe

workflows of business processes in the system. $amiendiagrams partition activity states into grqugash as patients,
doctors, genetic counsellors, general medical l@psl genetic testing labs. Each group represemsbtlsiness
organisation responsible for those activities Taje participants’ judgements of these models anensarised into their
strengths and weaknesses.

3. Results

Based on participant comments, four NZ geneticisesvdelivery models are identified: Patient-Dogfmunsellor
Model, Patient-Doctor-Lab Model, Patient-Counsellab Model, and Patient-Lab (Commercial) Model.

3.1. UML Swimlane Presentation of NZ Genetic Servic es Delivery Models

The Patient-Doctor-Counsellor Model is a basic Nehefic services delivery pathway, involving patsrdoctors,

genetic counsellors, general medical labs, andtgetesting labs. In this model, each locus whergviies occur is

depicted as one swimlane, in Figure 1; for instamdleactivities that occur at a doctor’s officeeagrouped in the
DOCTOR swimlane, the doctor being responsibleliesé activities. The Patient-Doctor-Counsellor Matizrts when

a patient presents with symptoms or concerns ofreetic disorder at a doctor’s office (GP or spéstianlBased on
relevant knowledge and experience, the doctor miigiieve a genetic test to be useful for diagnosisreatment.

Therefore, they make a referral to a Regional Ger&trvice office, where genetic counsellors eviauand sort all

referrals in a triage process. In a face-to-faceting with the patient, a genetic counsellor orlini@al geneticist

assesses the disease risk; if a genetic testagar and available, they suggest the testingdgttient and explain
possible testing implications. For instance, havingenetic test might have implications for insgeanf the patient
consents to the test, this is then arranged bytigecmunsellors. Firstly, the patient needs to @a general medical lab
for sample collection (often a blood sample), whgkent to an accredited genetic testing lab a@aegrto a waiting list

in the Regional Genetic Service office. Lab sciEstiperform the test and record any detected alalibynand its

interpretation in a lab report. Based on this repgenetic counsellors write an explanatory letseiggesting

surveillance recommendation and/or managementvieiéion. After counselling the patient about imations of the

test result, genetic counsellors store the doeti@rral, family history, family tree, lab reporfjcaexplanatory letter into
a family folder. This folder will be kept indefiity in the Genetic Service office as a referencddmily members and
future generations. Upon patient consent, copietheflab report and explanatory letter can be seritealth care
providers.

The Patient-Doctor-Lab Model in Figure 2 demonssatat clinicians can order some tests directiynfa genetic
testing lab without routing through genetic sersiceuch as the HFE gene test for haemochromafdsise doctors
make direct contact with the genetic testing labiclv in some cases is overseas. They arrange sarapfer, receive
the lab report, explain result implications to pats, and file the lab report in medical notessTgrbcess could change
to a Patient-Doctor-Counsellor Model if the testla suggests that genetic counsellors becomeviagpfor example
in prenatal testing or in pre-symptomatic testifigmincurable condition such as Huntington’s disea

On the other hand, the Patient-Counsellor-Lab Mdxyplasses the doctors. As Figure 3 indicates,fénaly folder

already exists in a Regional Genetic Service offigéh information about a pathogenic mutation ire tlamily,

members of the family might phone up for a dise@deassessment and sometimes a subsequent gesétidlthough
genetic counsellors prefer a doctor referral, sefirrals are sometimes accepted. In such casa® ttould be no
doctor data stored, and doctors would not be inéaremless patients requested it.

Figure 4 — the Patient-Lab (Commercial) Model isdzhon ‘direct to consumer’ genetic testing by gévcompanies
typically through Internet advertisements [7]. histprocess, patients pay for the test, take their sample at home,
send it to the lab, and receive the report diredtherefore, no documentation is stored in thetheslstem.

3.2. Strengths and Weaknesses of NZ Genetic Service s Delivery Models

According to stakeholder experience, all existingdels have pros and cons. We summarise key aspieedeh model
in terms of strengths and weaknesses in Table fneSproblems are consistent among several modet$, as
insufficient knowledge and little communication popt among stakeholders.
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The parties of interest include patients and famigmbers, health care providers, Regional Genatiwi&es,

genetic testing labs, and health care funding g@geme both the public sector (such as DHBs) aedptfivate sector
(such as insurance providers). However, the knoydetbvel in many is less than satisfactory. A Riwa
Commission advisor stated:

That's a particular problem, because there’s nalty¢he knowledge out there. There’s not reallderstanding.
I think concerns and, | mean it's not ignoranci, jiist the lack of knowledge of the issue tendteed fare,
quite understandably. ... | don’t know if there’sich knowledge of genetic issues at primary carelJavho are
directly involved in obtaining and providing geresiervices. And a lot need to happen at the priroarg level.

A GP related: “This is such a tiny aspect to GRe'kvat the moment (I realise that it will increasehe future).”
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Figure 3 — UML Swimlanes of Patient-Counsellor-LabModel

Information is needed to involve health care prevddin the genetic service delivery system, sudnfasmation about
the clinical utility and availability of geneticgts, referral processes, and risk assessment ptet@s mentioned by a
GP: “Until we have much clearer information aboiskrand prognosis, primary care is not likely to dignificantly
involved, and will likely remain in the specialsbhere for the foreseeable future anyway.”
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Figure 4 — UML Swimlanes of Patient-Lab (Commercigl Model

A good understanding of a genetic test result,uiiclg its limitations in predicting a health outoenis required by
health insurance providers. Explanations are sonestinecessary in order for health service provitbesnderstand the
value of a management intervention based on aigeiest. A genetic counsellor related: “Sometimésimerpretation

of genetic test results can occur, leading to rfesmation.”

The availability of information is also essentialdupport the dissemination of genetic testingltesn families for a
better health outcome, given the fact that the [redigtribution in extended families is already #fidult task for
patients. As expressed by a parent of a child ey#tic fibrosis (CF):

Most people have a difficult time explaining to @xtled family the importance of them getting geadliicested
for CF. Family are either ignorant/naive (i.e.s'ifour problem not ours”) or feel that you are pes$sing blame.
| keep meaning to ask [managers] at the CF Assst[€¥ibrosis Association of New Zealand] if thésesome
information available that we can give to extentidily in order for them to understand the genstite of CF
and how easily they can be tested to avoid anobladxy in the family being born with cystic fibrosis.

In addition to the issue of lack of knowledge, génservices delivery processes could be time coirsg. Taking the
Patient-Doctor-Counsellor Model as an example,sfiemof doctor referrals and testing results oftepends on postal

courier services and communication during the @ede seldom adequate. Several participants cahetrin the
months of waiting for an appointment with a geneteainsellor, then for the test results, patient$ mfierring doctors
hear little about the status of the appointmentsiesting, or about the results. A medical spesfatiescribed the
experience?You just don’t know what's happening, you send affequest and it goes into a long black hole.”

Another difficulty in the Patient-Doctor-Counselldtodel is the validation process of family histoeyhich requires
patients to obtain relevant family members’ clihideagnoses. This involves records from multiplaltie institutes,
sometimes overseas or dated decades before. Oratpaket numerous difficulties in collecting deatértificates:
“Their records didn’t go back that far.” “The redsryou are requesting have been destroyed.”

In brief, there are four genetic services delivergdels identified in the NZ system, each with itgnostrengths and
weaknesses. The major differences among the foudelmo— such as doctor referral processes and ‘gariou
documentation styles — present challenges for yhematic management of genetic testing relateatimition. Many
participants believe more effective information mgement would improve service quality and lead dtidp health
outcomes. Observing these results, we will disausew information and communication technologieshvitheir
possible usefulness and applicability in genetiorimation management.
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Table 1 - Strengths and Weaknesses of NZ Geneticr@ees Delivery Models

Service Strengths Weaknesses
Model
Patient- - Patient is counselled by genetic coun Requires doctor’s knowledge of genetic testing
Doctor- sellor and managed by doctor - Difficult for patient to collect required documenssich as
Counsellor | Genetic services maintain a family | clinical diagnoses of family members
Model folder - Waiting list at Regional Genetic Services
- Little communication between doctor and Genetio/Bes
Patient- - Quick turn-around time back to doctof Requires doctor’s knowledge of genetic testing hemtion
Doctor-Lab | paient is counselled and managed by With testing labs, and ability to explain results
Model doctor - No family folder is created
Patient- - Quick, targeted testing in lab - Family folder must be already established
Counsellor- | patient is counselled and managed by Waiting list at Regional Genetic Services
Lab Model genetic counsellor - Depends on family communication to inform diseask r
- Family folder is maintained - Health care provider is not involved unless patiequires

it

Patient-Lab | Third party, such as insurance, will ngtTesting might not comply with authority recommernicias
(Commercial) | be able to access results . Health care provider is not involved

Model - Patient-centred process - Proper counselling might not be offered
- Patient must pay by private fund
- No documentation is kept in NZ health system

4. Discussion

Medical genetic testing is a relatively new tecloggl, only now starting to change clinical practiespecially at the
primary care level. One example of genetic tesbemng potentially useful in routine clinical pramtiis that of drug
response testing, including for azathioprine [8a8H warfarin [10, 11]. However, the knowledge iegglto deliver
quality genetic services has not been effectivedydferred to health care professionals. Theréttis Information
available with regard to the utility and availatyiliof genetic tests, the test referral processed, risk assessment
protocols. Education and information services mightnecessary to involve clinicians in the gensgiovice delivery
system. Protocols and handbooks [12], in the forohat “Lab Yellow Pages” or a user manual [13], Iddelp health
care professionals with service delivery. One @ludecision is to assess whether it is indeed Wédutn use genetic
testing, taking into account the clinical utility the test, the probability of disease risk, thevatence of the test, and
the cost/benefit of the test. Technologies suclelamscal decision support systems (DSS) might engogervice
providers with knowledge and tools in this assesgm8upport is also needed to facilitate refernacpssing and
stakeholders’ communications.

Technologies such as electronic referral systert®eferrals) might help streamline the test refemal referral triage,
processes. ldeally, e-Referrals would engenderistens business processes, facilitate the traosfrappointments and
tests status, and would support the sharing afistatormation among service providers and usarsh$ools have the
potential to improve service effectiveness andcifficy, as well as to bridge the conventional bawied of primary,
secondary, and tertiary care. Ultimately, bettemgmnication among genetic service providers woultlaace the
knowledge network in the service delivery system.

The NZ system of multiple genetic services deliveigdels differs from the single Patient-Doctor-Ceeifor Model of
the United Kingdom (UK) [14]. This diversity predenchallenges in the standardising of genetic sesvi
documentation, which could be a key to the systemmanagement of genetic information. Currentlynetee service
delivery depends on a paper-based information ggoaad transfer mechanism. To achieve standards@gmentation
in all delivery models, the implementation of etfee health IT tools is tritical. Relevant solut®might include shared
electronic health records (EHR) and personal heeftbrds (PHR), such as the UK HealthSpace Sum@ary Record
(SCR) [15], the United States (US) My HealtheVéh][1Google Health [17], and Microsoft HealthVault8]. These
systems feature the secure storage and trans$ensitive medical data, particularly with regaréteess control of lab
results. They are aligned with patient-driven Healire models [19], which might be applicable fanaging genetic
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testing results, given the nature of genetic infion being sensitive (personal and medical) andgbghared (with
implications for family members). Such applicatidos securely storing and appropriately sharingegieninformation
may eventually improve genetic services quality kadl to better health outcomes.

The main limitation of this study is that it is leglsupon personal perspectives from individual eepee. It might not
represent accurately the whole NZ genetic sensgetem. The qualitative data collected are notssizdlly significant.
The sample is not randomly selected from the pdimmabut rather deliberately sought to enhancepsamiversity.

5. Conclusion

Our New Zealand genetic service stakeholder intgvsiidentified four genetic service delivery modddatient-
Doctor-Counsellor Model, Patient-Doctor-Lab ModBhtient-Counsellor-Lab Model, and Patient-Lab (Caruial)
Model. They are presented in this paper, usingipations in UML swimlane diagrams. Patients, dwst genetic
counsellors, general medical labs, and genetimte$ibs are responsible for the key activitieshese models. Some
problems are found, such as insufficient knowledge litle communication among stakeholders. Themity of the
four models is expressed in the various test raffgnmocesses and documentation styles. Partlyalttag diversity, the
communication of genetic testing results and timaplications is not managed in a systematic manimeparticular,
inadequate information is available to stakeholdi@mplete documentation is recorded in some ispded there is
little support for communication or result disseation. With these problems, a few health IT toalsid be helpful,
including DSS, e-Referrals, shared EHR, and PHRveld@ment utilising these tools has the potentmlnteet
stakeholders’ information and communication nedégure IT implementation should be tailored to stskiealth
professionals and patients with key tasks suchestsreferral, risk assessment, documentation reaprénd result
dissemination.
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