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[bookmark: _Toc210278612][bookmark: _Toc213236576]Glossary
Antenatal record		A unique healthcare record containing all relevant pregnancy information
False-positive:	A RHD NIPT on a RhD negative fetus incorrectly classified as RhD positive
False-negative:			A RHD NIPT on a RhD positive fetus incorrectly classified as RhD negative
Hand-held pregnancy record:	The hard-copy personal record provided to women where clinical pregnancy and
postnatal visits are documented
Healthcare professionals:	The term healthcare professionals refer to all clinical care providers, including
general practitioners, midwives, nurses, medical officers and obstetricians
Healthcare record:	Documentation unique to the patient, containing transcripts of patient care and
progress, investigation data and consultations, which is retained by the managing
healthcare professional or health service
Lifeblood	Australian Red Cross Lifeblood
Medical Record Number (MRN):	A number used by a hospital or health facility to identify an individual and their
health records
My Health Record:	The digital health record, unique to everyone, that enables direct uploading of
digital medical and diagnostic reports
Non-Invasive Prenatal Test:	A screening test which analyses fetal DNA obtained from a maternal blood
sample
Partial D RhD group:	RhD antigen with fewer antigen sites or missing epitopes leading to weak(er) or
absent reactions with anti-D sera
Patient:	The term patient refers to both woman and infant in the context of healthcare
provision and is not intended to imply ill health
Pathology laboratory:	The pathology or laboratory service that completes the testing and resulting of a
specimen
Referring pathology laboratory:	The laboratory/pathology service that transports a specimen to another
pathology/laboratory service for testing.  This may be within the pathology service network or an external provider
RHD:				The gene symbol for RhD gene (italicised)
RhD:				Refers to the RhD blood group antigen
RHD NIPT:	A test which analyses fetal DNA obtained from a maternal blood sample, to determine the fetal RhD blood group 
Antenatal shared care:	A collaborative agreement for agreed goal/s and treatment plan between a team
of health healthcare professionals and the woman throughout the antenatal and postnatal period
Specimen:	Any tissue or fluid (including blood) from an individual that is submitted to the
pathology service for testing


[bookmark: _Toc210278613][bookmark: _Toc213236577]Abbreviations
ACCHS		Aboriginal Community Controlled Health Services
ACM		Australian College of Midwives
ACRRM		Australian College of Rural and Remote Medicine
ANZSBT		Australian and New Zealand Society of Blood Transfusion
cffDNA		Cell free fetal DNA
CALD		Culturally and linguistically diverse
CHF		Consumer’s Health Forum of Australia
CPD		Continuing professional development
DNA		Deoxyribonucleic acid
dPCR		Digital polymerase chain reaction
FMEA		Failure Modes and Effects Analysis
GP		General Practitioner
HDFN		Haemolytic disease of the fetus and newborn
IBGRL		International Blood Group Reference Laboratory
Ig		Immunoglobulin 
JBC		Jurisdictional Blood Committee
KEMH		King Edward Memorial Hospital
LIS		Laboratory information system
MBS		Medicare Benefits Schedule
MHSS		Coordinator for Multicultural Health & Support Service
MoC		Model of Care
NEQAS		National External Quality Assessment Scheme
MRN		Medical record number 
MSAC		Medical Services Advisory Committee
NACCHO	National Aboriginal Community Controlled Health Organisation
NATA		National Association of Testing Authorities
NBA 		National Blood Authority
NIBSC		National Institute for Biological Standards and Control
NIPA		Non-invasive prenatal assessment
NIPT		Non-invasive prenatal testing
PBM		Patient Blood Management
PHN		Primary health network
QUPP		Quality Use of Pathology Program
RACGP		Royal Australian College of General Practitioners
RANZCOG 	Royal Australian and New Zealand College of Obstetrics and Gynaecology 
[bookmark: _Hlk158034670]RCPA		Royal College of Pathologists of Australasia
RCPAQAP	Royal College of Pathologists of Australasia Quality Assurance Program
RhD Ig		RhD immunoglobulin
TGA		Therapeutic Goods Administration


[bookmark: _Toc210278614][bookmark: _Toc213236578]Executive Summary
The Quality Use of Non-Invasive Prenatal RHD testing Project reached its completion date on 30th November 2023. 
The Project has successfully completed the following activities:
· Identified and met with different Consumer Advocate Groups to reach vulnerable and minority populations to ensure equity of access to the RHD NIPT for community-based pregnancy care in regional and remote parts of Australia, for different socio-economic and ethnic groups, vulnerable and minority populations and to be aware of cultural sensitivities, and use of simple language and diagrams in published resources
· Reviewed the multiple antenatal clinical care pathways gathered from metropolitan, regional and remote antenatal centres
· Developed antenatal clinical care and laboratory testing pathways with incorporation of RHD NIPT and including considerations for variations related to geographical location and minority populations that led to the development and publication of the numerous resources on the ANZSBT website (https://anzsbt.org.au/resources/rhd_in_pregnancy/). These resources guide and facilitate RHD NIPT at all stages of the testing cycle:
· Clinical care pathways and flow charts
· Guidance for RHD non-invasive prenatal testing (NIPT) for fetal RhD blood group prediction in pregnancy - ANZSBT National Guidance document
· Consumer resources and brochures
· Web-based Interactive Flow Pathways
· RHD NIPT podcast
· RHD NIPT e-learning module
· Local, state and national haemovigilance reporting systems were reviewed in relation to pregnancy care pathways to better understand the existing data captured, as well as state and territory variations. A recommendation was made to include and report RHD NIPT incidents through either national, state, local or laboratory haemovigilance reporting systems, in addition to primary health care monitoring and evaluation systems.
The lack of RHD NIPT availability has been an issue concerning the Steering Committee for the duration of the Project which limited our ability to evaluate and use the developed resources in various clinical and laboratory settings. 
The Steering Committee is aware of two jurisdictions (WA and NSW) where decisions have been made to establish RHD NIPT testing through public providers, with WA having started a pilot program in October 2023. NSW continues to develop and validate their RHD NIPT with no implementation date available and uncertainty whether other states can use their service.
Currently no other jurisdictions are pursuing RHD NIPT development because of low MBS rebate and/or relatively low test numbers leading to unacceptable financial costs and inefficiencies. Similarly, there are no TGA registered RHD NIPT kits approved in Australia and currently no commercial test kit providers are seeking TGA approval that we are aware of; again, due to the low MBS rebate.
The ANZSBT and Steering Committee have taken a progressive approach to advocacy for RHD NIPT, hoping that ANZSBT’s independent voice will encourage governments to re-evaluate their positions. ANZSBT has tried to highlight the public benefits of the RHD NIPT program through a national provider or interested local providers, with the associated decreased demand for RhD Ig and the benefits for women, which may not have been considered when previous jurisdictional decisions were made.
The final report highlights in more detail how the Project achieved the Project Objectives. ANZSBT believes this substantial body of resources will facilitate prompt, safe and equitable integration of RHD NIPT once issues around test availability are resolved.
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[bookmark: _Toc210278616][bookmark: _Toc213236580]Background
There are approximately 300,000 births in Australia annually. Fifteen percent of the women who give birth to these infants are RhD negative (i.e., 45,000). During pregnancy, some of these women are at risk of developing antibodies to the RhD blood group antigen if the fetus is RhD positive (65% of pregnancies, approximately 29,000 at risk pregnancies per annum). If maternal anti-D antibodies are produced, they will be directed against fetal red blood cells that express the RhD blood group leading to haemolytic disease of the fetus and newborn (HDFN). This can be catastrophic as it leads to severe anaemia, causing fetal hydrops (heart failure) and jaundice potentially leading to kernicterus, death or long-term disability.
Current routine practice is for RhD immunoglobulin (Ig) prophylaxis to be given to all RhD negative women at 28- and 34-weeks’ gestation, regardless of the blood group of the fetus. At the time of birth, a subsequent dose of RhD Ig is given to RhD negative women who have delivered a RhD positive infant. This universal approach to prophylactic RhD Ig administration means that approximately 16,000 RhD negative women who are not carrying a RhD positive fetus are receiving RhD Ig unnecessarily and undergoing an unnecessary procedure and is at significant variance to accepted Patient Blood Management (PBM) practices.
The routine use of RhD Ig for all RhD negative women has been recognised by the National Blood Authority (NBA) as potentially unsustainable as Australia faces challenges in maintaining a sufficient RhD Ig supply. The only source of RhD Ig, a human blood product, is from approximately 120 dedicated plasma donors who have been immunised against RhD. To address the possibility of lack of supply, in May 2021 the NBA introduced new guidelines “Prophylactic Use of RhD immunoglobulin in pregnancy care” (https://blood.gov.au/anti-d-0). This document was developed to ensure RhD Ig is restricted to those RhD negative women who are predicted to be carrying a RhD positive fetus and requires prenatal testing for fetal RhD status for all RhD negative women. 
NIPT for RHD genes in maternal plasma has been recommended in the NBA guidelines and was recently recommended by the Australian Government Medical Services Advisory Committee (MSAC - Application No. 1574) as a Medicare funded test. Funding through the Medicare Benefits Schedule (MBS) has been available since July 2022.
RHD NIPT is a blood test that uses cell free fetal DNA (cffDNA) circulating in the mother’s circulation to determine the baby’s RhD blood group. cffDNA level increases with gestational age, with adequate levels of cffDNA from 11 weeks gestation to perform the RHD NIPT. Therefore, testing of maternal blood must only be performed from 11 weeks’ gestation to determine the RHD genetic status of the fetus.
Identifying RhD positive fetuses in utero enables targeted use of prophylactic RhD Ig (Figure 1). Administering RhD Ig only to RhD negative women carrying an RhD positive fetus will optimise RhD Ig use. This strategy will reduce the unnecessary use of a scarce blood product, follow PBM practices, conserve supplies for those for whom it is essential and provide significant public health and financial benefits while reducing unnecessary interventions for pregnant women. It will also keep Australia self-sufficient in this essential blood product.
Appropriate implementation of the NBA guidelines (https://blood.gov.au/anti-d-0) requires correct ordering, use and interpretation of the prenatal testing for fetal RHD. 

Figure 1. The changes proposed to the current standard of care RhD Ig prophylaxis following introduction of RHD NIPT
[image: Figure 1 describes the current and proposed changed standard of care for RhD negative pregnant women who are eligible for RhD immunoglobulin following the introduction of a molecular test to determine the fetus's RhD group early in pregnancy.]
There are many benefits to the introduction of RHD NIPT which are outlined below:
· Prevention of unnecessary RhD Ig prophylaxis and risks associated with administration of blood products 
· Avoiding painful injections when the fetal RHD genotype is predicted as RhD negative 
· Reduced appointments and time to attend for administration of RhD Ig where it is not required 
· Increased availability of RhD Ig for those women who require it 
· Reduced anxiety associated with potential sensitising effects for women where the fetus is predicted as being Rh negative and greater compliance of women with a known RhD positive fetus to receive the RhD Ig prophylaxis they should 
· Cost saving – each 625IU dose of RhD Ig (currently $87.62 at the time of this report [https://blood.gov.au/national-product-price-list]), along with time and resources to obtain RhD Ig, administration and other intangible costs  
· Donors – RhD Ig is sourced from a small number of donors who attend regularly to donate their plasma which is then used to produce RhD Ig. These donors are reducing in number and eventually supply may need to move to imported RhD Ig to maintain the supply increasing the cost further if strategies to reduce demand are not adopted (https://blood.gov.au/national-product-price-list).
However, RHD NIPT is not readily and easily accessible nationally in Australia.
[bookmark: _Toc210278617][bookmark: _Toc213236581]Current Status of RHD NIPT Availability
Australia significantly lags numerous European countries (UK, France, Germany, Denmark, Netherlands, and others) where RHD NIPT has been the antenatal standard of care for RhD negative women for more than 10 years. The New Zealand Blood Service will be offering RHD NIPT nationally from April 2024 and the Canadian Blood Service is presently adopting a similar single national provider model for RHD NIPT for Canada. 
Two Australian jurisdictions (WA and NSW) have made decisions to establish RHD NIPT testing through public providers at significant public cost, with WA having started a pilot program in October 2023 for WA residents only. NSW continues to develop and validate their RHD NIPT with no implementation date yet available and uncertainty whether other states can use their service. 
Australian Red Cross Lifeblood, a world leader in blood group molecular testing, has previously developed and validated an in-house RHD NIPT which has been available since 2014. As a potential national provider, they have the potential for economies of scale, cost-effective testing, well developed infrastructure and reporting systems and extensive clinical, scientific and technical Transfusion Medicine support. However, over the last ten years and currently, they are not permitted to provide the test within their current Deed of Agreement with the Australian Government.
Highly specialised non-invasive prenatal assessment (NIPA) which is different to RHD NIPT is currently provided for all Australians who need it by Lifeblood from its Queensland facility for women already sensitised to clinically significant antibodies (anti-D, -c, -C, -E, -K, -k, -Fya, -Fyb) capable of causing HDFN. 
To date, no other Australian health services or pathology laboratories (public or private) are offering RHD NIPT and the majority have stopped consideration of developing the test. There are no TGA licenced test kits in Australia and the current funding environment, the MBS rebate for RHD NIPT is considerably underfunded based on costs from Australian public not for profit pathology providers and overseas experience, as well as commercial industry. The establishment of the accredited test takes an extremely long time due to the need to develop the test, gather the maternal and baby’s samples, validate and accredit the test and the significant associated logistics and infra-structure that is required. Realistically to commence developing the test, validation and roll out takes more than 2-3 years.
The ability to gain the benefits of decreased need for RhD Ig prophylaxis, decreased demand on blood donor resources and decreased financials is not achievable at this time because of lack of a national test or co-ordinated testing program. 
This Project has developed a sound platform for rapid, safe effective and equitable implementation once issues of test availability are resolved.
[bookmark: _Toc210278618][bookmark: _Toc213236582]Project Outline
The Project Aims were to identify and map all steps in the pathology testing process for RhD negative women, including patient identification, requesting information, sample collection and transport, laboratory information systems and result reporting. The actual technical aspects of RHD NIPT development, test sensitivity and specificity and validation were out of the Project scope.
The outcome is a standardised and optimised clinical testing pathway applicable and available nationally, to meet the needs of General Practitioners, Obstetricians and pathologists resulting in effective implementation of RHD NIPT in Australia once the test is more readily available.
Whilst these points are critical from a clinical perspective, the underpinning of all aspects of the RhD Ig prophylaxis program requires quality pathology services. Pathology is crucial to the implementation process and multiple factors and services are critical including:
1. Correct testing pathway allocation and timing for pregnant women
2. Request form information, including risk stratification
3. Sample requirements
4. Transportation of specimens to centralised (possibly national) laboratories
5. Laboratory staff training of testing requirements
6. Standard operating procedures
7. Laboratory information systems (LIS) for sample accessioning
8. Result reporting via laboratory information systems (LIS) and My Health Record to the clinician and tested women, including guidance on subsequent testing and RhD Ig prophylaxis
9. Communication between the testing facility, pathology service and clinical care provider
[bookmark: _Toc210278619][bookmark: _Toc213236583]Project Achievements Against Objectives
The Objectives of the Project were to identify all steps in the pathology testing process and map the clinical care pathways and processes for RHD NIPT that would lead to a standardised clinical testing pathway for RhD negative women. This would support effective implementation of Medicare-funded RHD NIPT in Australia and ensure appropriate RhD Ig prophylaxis in accordance with the NBA guidelines (https://blood.gov.au/anti-d-0).
The Project has met the stated objectives and completed the following:
1. Process mapping to understand the entire workflow for RHD NIPT to guarantee its efficiency and accuracy leading to a standardised clinical testing pathway:
a. Mapping the numerous different antenatal care pathways and jurisdictional variations
b. Mapping the process from the first antenatal testing sample collection onwards and test turnaround times
c. Identifying and mapping all steps in the pathology testing process for RhD negative women
d. Understanding all the key stakeholders, component factors and logistics of the process
e. Mapping scenarios at each stage of the process, including methodology and key decision points
f. Understanding jurisdictional variations and requirements, public and private providers, and population and geographical constraints (metropolitan, regional, rural and remote) ensuring equitable access to:
· First nations people
· Culturally and linguistically diverse (CALD) people
· Refugee/migrants
g. Identifying where errors or inefficiencies occur
h. Communication, education, documentation processes
i. Audit of process
j. Failure Modes and Effects Analysis (FMEA)
2. Development of educational materials and document templates for health care consumers, pathology laboratories and maternity care services
3. Implementation of best practice outcomes
4. Project reporting
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This Project contributes to targeted RhD Ig prophylaxis in RhD negative women to ensure that all RhD negative pregnant women in Australia receive appropriate antenatal administration of RhD Ig. This is of benefit to Australian women and provides significant public health benefits leading to quality use of a funded Medicare test and appropriate use of a blood product (RhD Ig) following Patient Blood Management practices.
The purpose of reviewing the different antenatal clinical pathways, laboratory testing pathways and models of antenatal care and publishing the various documents and consumer brochures was to provide ongoing education to GPs, Obstetricians, Pathologists, midwives, diagnostic laboratory staff, other practitioners and women and their families about RHD NIPT with clear and concise information that assists in understanding RHD NIPT and appropriate targeted RhD Ig prophylaxis.
Failure to do this has potential to result in several serious consequences, including:
1. Incorrect decision making and clinical errors during pregnancy
2. Failure to do the RHD NIPT
3. Incorrect ordering of RHD NIPT (e.g., for RhD positive women)
4. Excess expenditure on Medicare through inappropriate testing
5. Women who require RhD Ig may not receive it leading to HDFN, with potential catastrophic consequences
6. Women may receive RhD Ig who do not require it


[bookmark: _Toc210278621][bookmark: _Toc213236585]Governance and Reporting Structure
[bookmark: _Toc210278622][bookmark: _Toc213236586]Governance Structure
Figure 2. Quality Use of Non-Invasive Prenatal RHD Testing Steering Committee
[image: Figure 2 is the organisation chart for the Quality of Use of Non-Invasive Prenatal RHD Testing Steering Committee. The Steering Committee reported to the ANZSBT Council through the Steering Committee Chair. The Committee was composed of Steering Committee Members, the Project Manager, The Project Officer and the Transfusion Society Secretariat]
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The Steering Committee, comprising qualified clinicians and representatives from peak bodies, was responsible for the co-ordination and oversight of the Project and provided directions to the Project Team
	Dr Philip Crispin
	Steering Committee Chair, ANZSBT

	Simon Benson
	President, ANZSBT

	Prof David Roxby
	Project Manager, ANZSBT

	Anne Wiseman
	ANZSBT Secretariat

	Kristen Brown
	Project Officer, ANZSBT

	Dr Janney Wale
	Australian Consumers Health Forum of Australia

	Prof Wendy Erber
	University of Western Australia, Pathology & Laboratory Medicine

	Dr Ania Samarawickrama
	Royal Australian College of General Practitioners (RACGP)

	Dr (Jerry) Abraham Alex
	Australian College of Rural and Remote Medicine (ACRRM)

	Dr Ellen Maxwell
	Royal College of Pathologists of Australasia (RCPA)

	Tani Paxton
	Australian College of Midwives (ACM)

	Dr James Daly
	Australian Red Cross Lifeblood

	Dr Shin Lee
	Royal Australian & New Zealand College of Obstetricians & Gynaecologists (RANZCOG)

	Dr Helen Savoia
	Royal Children's Hospital and Royal Women's Hospital, Obstetric, Neonatal & Paediatric Haematologist



[bookmark: _Toc210278624][bookmark: _Toc213236588]Stakeholders
Stakeholder representatives including the following, have had the chance to contribute to the Project and all Stakeholders have the opportunity for enhanced education, understanding and improved medical practice with the availability of the resources published by the ANZSBT (https://anzsbt.org.au/resources/rhd_in_pregnancy/) as part of this Project
· Women
· Families
· GPs
· Obstetricians
· Midwives
· Pathologists
· Laboratory staff
· The community
· Australian Red Cross Lifeblood
· National Blood Authority
· Australian Government
· Consumer Advocate Groups
· Health Networks

[bookmark: _Toc210278625][bookmark: _Toc213236589]Project Activities
[bookmark: _Toc210278626][bookmark: _Toc213236590]Engagement with Health Networks
Engagement was essential in understanding key processes, potential issues and opportunities to support RHD NIPT testing within existing antenatal clinical care pathways. 
The Steering Committee worked closely with states and territories, public and private health systems, and community and primary care networks in both the pathology and clinical health settings. The Steering Committee provided representation for key stakeholder networks, with additional personal and professional networks which were utilised as an opportunity for wider engagement. Consultation was sought throughout the Project process mapping and resource development phases. Extensive feedback was received, collated and integrated, with the guidance document and consumer resources receiving the most interest.  
Throughout the Project, the Project Team and Steering Committee communicated regularly and collaborated with Western Australian Health Services (King Edward Memorial Hospital [KEMH]) to gain a better understanding of issues and limitations of development of their RHD NIPT. Resources were provided to the WA project team for utilisation/adaption as requested in addition for review of feasibility and applicability.
The Project Team liaised with several overseas national RHD NIPT providers, including the International Blood Group Reference Laboratory (IBGRL) UK, and the Rigshospitalet, Copenhagen University Hospital, Denmark, where RHD NIPT is well established as part of routine antenatal care and has been in routine use for more than 10 years. These interactions proved very useful, providing background information on their approaches to how the test was introduced and steps taken to educate clinicians, midwives, laboratory staff and women.
Also, the Project Team communicated with the Canadian Blood Service and shared resources as they are developing a national system for RHD NIPT and have similar logistical challenges as Australia.
[bookmark: _Toc210278627][bookmark: _Toc213236591]Engagement with Key Societies and Colleges
Engagement with key societies and colleges was maintained and accessed through the Steering Committee membership, with consideration of general practice, pathology, medical, maternity, public and private health, the Australian Red Cross Life Blood, and consumer advocacy.  This enabled endorsement of key resources and documents, ensuring alignment with existing National and State guidance documents and was integral in the implementation phase to gain traction of relevant services and organisations.  
Awareness of concurrent projects and initiatives that supported or influenced the success of the Project were identified and communication established with key members of those projects.
[bookmark: _Toc210278628][bookmark: _Toc213236592]Engagement with Consumer and Patient Advocate Groups
The Steering Committee engaged with several government and not-for-profit agencies to ensure that adequate assessment of needs for the consumer had been considered and incorporated into the development of the clinical care pathways and resources. Organisations contacted included those that were specific to the needs of minority populations and those who supported mothers with higher vulnerability during pregnancy, such as refugees. There were several organisations that provided significant feedback which was incorporated in the final clinical care pathways, guidance documents and consumer resources.
Organisations or Patient Advocate Groups consulted included:
· Aboriginal and Torres Strait Islander
· Aboriginal Community Controlled Health Services (ACCHS)
· National Aboriginal Community Controlled Health Organisation (NACCHO)
· Aboriginal and Torres Strait Islander Liaison Officer Badjurr-Bulok Wilam – Royal Hospital for Women, Victoria.
· Multicultural Centre for Women’s Health – Research, Advocacy and Policy Manager
· Centre for Culture, Ethnicity & Health – Coordinator for Multicultural Health & Support Service (MHSS)
· Centre for Culture, Ethnicity & Health – Policy, Research and Evaluation Officer
· Victorian Refugee Health Network Program coordinator and Statewide Facilitator for the Refugee Health Program
· Consumer Advocacy Group Representation – Steering Committee representative
· Australian Red Cross Lifeblood Communications and Consumer Engagement Lead
[bookmark: _Toc210278629][bookmark: _Toc213236593]Review of Antenatal Care Pathways
There are over 200 recorded variations of maternity-care models in Australia that were categorised into 11 key models of care. Each core model of care was mapped to ensure that the proposed clinical care pathways for RHD NIPT were feasible and aligned with the current antenatal schedule of visits. Examples of models of care are shown in Figures 3 and 4.  This was achieved through contact with women who had chosen different models of care for their pregnancy care journey and care providers from the following models:
· Private
· Shared care
· Midwifery-led care
· Private practice midwives
· Rural and remote
· Culturally specific care (Aboriginal and Torres Strait Islander midwifery-led services)
· Community-based care
This was essential in understanding the key touch points with the services and for RhD negative women in pregnancy to ensure that test timing and management would fit safely and effectively within existing antenatal care visits for all services and locations.


Figure 3. Model of care for privately practicing midwives
[image: Figure 3 provides a digram showing the complexity and interactions of the different models of care for privately practicsing midwives.]

Figure 4. Example of a regional/rural health antenatal model of care
[image: Figure 4 shows a complex diagram of an example of regional and rural antenatal model of care and the interactions of various care groups]


[bookmark: _Toc210278630][bookmark: _Toc213236594]Development of Testing Pathways
The Steering Committee consulted with pathology services and antenatal care providers to complete process mapping of the antenatal screening and laboratory screening processes to determine how RHD NIPT would seamlessly fit within existing laboratory pathways (Figures 5 and 6). The Project identified all possible variations and developed visual flow pathways that have been incorporated within the Guidance for RHD NIPT for Fetal RhD Blood Group Prediction in Pregnancy document (https://anzsbt.org.au/guidelines-standards/anzsbt-guidelines/) and RHD NIPT interactive web-based tool (https://rhdnipt.anzsbt.org.au) available on the ANZSBT web site for utilisation and adaption by health services and organisations. The flow pathways include (https://anzsbt.org.au/resources/rhd_in_pregnancy/):
· Simplified flow pathway for RhD negative women with no alloantibodies
· Flow pathway for RHD NIPT in pregnancy
· Flow pathway for RHD NIPT for RhD negative women in pregnancy
· Flow Pathway for RhD Ig prophylaxis with the introduction of RHD NIPT (including sensitising events)
· Flow Pathway for women with a weak D or partial D RhD blood group
· Flow pathway for women with potentially clinically significant red cell alloantibodies or a history of fetal anaemia / haemolytic disease of the fetus and newborn (HDFN)
· Flow pathway for laboratory / pathology for RHD NIPT specimen management


Figure 5. RHD NIPT flow pathway in pregnancy
[image: Figure 5 is a complex flow chart for molecular fetal RhD testing during pregnancy and cord blood tesing. Based on the RhD results the figure provides guidance on the appropriate use of RhD immunoglobulin in RhD negative mothers

]



Figure 6. Flow pathway for laboratory/pathology for RHD NIPT specimen management

[image: The laboratory specimen handling  and testing pathway is described in Figure 6 and how the results should be reported]


[bookmark: _Toc210278631][bookmark: _Toc213236595]RHD NIPT Results Reporting
Poor interconnectivity and ability to safely communicate the results of the RHD NIPT test was identified as a prominent and significant risk to safe implementation of RHD NIPT.  The Project Team met with the Digital Health Agency to discuss potential solutions through the electronic My Health Record, with further recommendations included in the Guidance Document promoting use of the My Health Record.  There were further recommendations regarding documentation requirements and utilisation of handheld records and providing copies of results to the women which would better support shared-care and transfer of care arrangements.  
[bookmark: _Toc210278632][bookmark: _Toc213236596]Development of RHD NIPT Guidelines
The RHD NIPT Guidance document (https://anzsbt.org.au/guidelines-standards/anzsbt-guidelines/) was developed to provide high-level, broad recommendations which would support the safe introduction of RHD NIPT as part of the complete pregnancy care journey. The document includes information for laboratory staff, health care providers and services involved in the provision of pregnancy care. It incorporates all relevant resources and clinical care pathways to assist with the development of localised policy and procedures which can be adapted to support the needs of the different organisation and services.  The document contains recommendations which were developed following thorough risk assessment (see Section 7.15 Development of a Failure Modes and Effects Analysis Tool [https://anzsbt.org.au/resources/rhd_in_pregnancy/]) which identified a need for risk mitigation, particular in the areas of safe transfer of care and communication of results and associated management. 
[bookmark: _Toc210278633][bookmark: _Toc213236597]Development of Clinical, Consumer and Laboratory Resources
Numerous resources were developed and adapted for clinical care providers, laboratory and consumers as the target audiences (see Appendices and https://anzsbt.org.au/resources/rhd_in_pregnancy/).  The resources have broad application thereby avoiding limited use to a particular group or service.  It was also understood from process mapping activities that there was considerable overlap between interaction and knowledge of the test and processes that applied to the clinician, consumer and the laboratory worker.  
[bookmark: _Toc210278634][bookmark: _Toc213236598]Production of an RHD NIPT Podcast
The Australian Red Cross Lifeblood Technical and Events Project Manager and the Communications and Consumer Engagement Manager, assisted with the development of a podcast interviewing the Australian College of Midwives (ACM) and Royal Australian College of General Practitioner’s (RACGPs) Steering Committee representatives. The key focus of this podcast is the introduction of RHD NIPT in the context of the GP and Midwife, and the knowledge that is required to determine which women will benefit from the test, how the test works and how the results will determine the care provided in relation to RhD Ig prophylaxis. Representation from a Midwife and GP were considered based on review of the current models of care and the likelihood of RhD negative women having contact with these clinical care providers throughout their pregnancy. 
[bookmark: _Toc210278635][bookmark: _Toc213236599]Development of an e-learning RHD NIPT module
[bookmark: _Hlk157415952]In collaboration with the ACM, an RHD NIPT e-learning module has been developed which is targeted at midwives working independently, privately and within the hospital setting (https://www.midwives.org.au/ItemDetail?iProductCode=RHDNIPT&Category=ELEARN). The module is available to other health care professionals and is featured alongside other ACM e-learning modules. Continuing professional development (CPD) points and Certificate of Completion are available on completion of the module. 
Location on the ACM website with a link on the ANZSBT website (https://anzsbt.org.au/resources/rhd_in_pregnancy/) was agreed to as an opportunity to reach a large percentage of Australian Midwives owing to the high visibility and membership of the College, and utilisation of the College’s recommended education modules by midwives. 
The content of the e-learning module is based on the core concepts of the RHD NIPT and provides an understanding of how this test fits within the current care provided for RhD negative women in pregnancy and the changes that will occur following implementation of RHD NIPT in routine antenatal care.
[bookmark: _Toc210278636][bookmark: _Toc213236600]Development of a Web Based Interactive RHD NIPT Tool
The RHD NIPT interactive web-based tool is a decision-support and information tool that has three separate pathway options for the clinician, consumer or the laboratory worker.  The content has been based on the content specific needs for each audience and appropriate health language.  
The tool links to additional resources developed by the Project Team and to resources available through external organisations.
The interactive tool sits within the ANZSBT website (https://rhdnipt.anzsbt.org.au/) and is promoted through the podcast, e-learning module and Guidance document. 
[bookmark: _Toc210278637][bookmark: _Toc213236601]Development of Evaluation Tools
Clinician and consumer evaluation tools have been developed to assist services and organisations in evaluating the quality of care and clinical support provided during and following implementation of RHD NIPT and are available on the ANZSBT website (see Appendices and https://anzsbt.org.au/resources/rhd_in_pregnancy/).  With an increased focus on consumer satisfaction and clinical support as a key to providing quality of care, these tools allow organisations to better understand the needs of their consumers and health care workers.  The surveys are in an Excel format, using Likert scaling for response and are brief to increase utilisation.  The tools can be easily formatted for use in electronic based surveys and across multiple settings such as general practice and hospital services.
[bookmark: _Toc210278638][bookmark: _Toc213236602]Development of Audit Tools
A clinical audit tool was developed in a simple Excel format to enable assessment of adherence to best practice and safe delivery of care relating to RHD NIPT.  This audit tool has a total of 13 questions which assess consent, information provision, recommended management, quality and accessibility of documentation and adverse events.  The audit tool contains an instruction sheet to assist with its use and is located on the ANZSBT website (see Appendices and https://anzsbt.org.au/resources/rhd_in_pregnancy/).
[bookmark: _Toc210278639][bookmark: _Toc213236603]Haemovigilance Reporting
The Steering Committee consulted with state and national health services and organisations to determine existing haemovigilance reporting systems across health services in the hospital, primary care, public/private and pathology settings.  The information gathered was utilised to develop haemovigilance reporting and management recommendations that were possible within the existing reporting structures.  It was identified that RhD Ig and other fractionated products were not currently reported in many states, however there was future capacity and therefore recommendations were based on best practice whether this aligned with the current reporting processes.  
[bookmark: _Toc210278640][bookmark: _Toc213236604]Development of a Failure Modes and Effects Analysis Tool
A risk assessment tool was developed to determine all possible variation/issues and risks at each key step of the RHD NIPT process and used by the Steering Committee to determine risks and those which mitigation strategies should be recommended (see Appendices and https://anzsbt.org.au/resources/rhd_in_pregnancy/).
Following detailed process mapping, a FMEA risk assessment tool was utilised to identify, prioritise and develop mitigation strategies.  All possible variations and potential issues/risks associated with the implementation of the RHD NIPT were stratified and mitigation strategies determined by the Steering Committee.  

[bookmark: _Toc210278641][bookmark: _Toc213236605]Development of an RHD NIPT Education PowerPoint Presentation
A PowerPoint education resource was created to support the implementation of RHD NIPT in both the clinical and pathology setting.  The information incorporated was for both laboratory and healthcare providers across all services and settings, to enable adaption and localisation of the resources for sites wishing to use the resource.  The presentation is available on the ANZSBT website (see Appendices and https://anzsbt.org.au/resources/rhd_in_pregnancy/). 
[bookmark: _Toc210278642][bookmark: _Toc213236606]Education - Conference Presentations
· RCPA Pathology Update meeting, Sydney, February 2023
· Sydney HOW Collaborative meeting, Sydney, March 2023,
· WNSWLHD weekend workshop Bathurst, August 2023
· Blood 2023 Conference Melbourne, November 2023: a session consisting of three presentations on Antenatal Care and RHD NIPT


[bookmark: _Toc210278643][bookmark: _Toc213236607]Project Outcomes
[bookmark: _Toc210278644][bookmark: _Toc213236608]Knowledge Development
There have been many resources created to enable accessible, adaptable and targeted knowledge development tools for consumers, clinicians and laboratory staff.  The resources enable services and organisations to utilise the resources and adapt them for organisation level knowledge development to support safe test implementation when it becomes available. It remains the responsibility of the services and organisations implementing RHD NIPT to provide access to education and training which allows for safe introduction of the test as part of the pregnancy care pathway.  
All key concepts and relevant knowledge has been provided in document, brochures, PowerPoint presentation, interactive web-tool and e-learning module to support all learning styles and are endorsed by key organisations.  
[bookmark: _Toc210278645][bookmark: _Toc213236609]RHD NIPT Resources
The following documents and resources developed as part of the Project will guide and facilitate RHD NIPT at all stages of the testing cycle:
· Guidance for RHD non-invasive prenatal testing (RHD NIPT) for fetal RhD blood group prediction in pregnancy. An implementation guidance document, covering collection, identification, reporting and actioning results is now available on the ANZSBT website (https://anzsbt.org.au/guidelines-standards/anzsbt-guidelines/)
· Resources for laboratories, clinicians and consumers are available on the resources section of the ANZSBT website (https://anzsbt.org.au/resources/rhd_in_pregnancy/) including links to other websites
· DL 6pp brochure
· Postcard A6
· Poster
· Audit tool
· Clinician & consumer survey tool
· Flow pathway for clinically significant alloantibodies and or history of HDFN
· Flow pathway for pathology for RHD NIPT specimen management
· Flow pathway for RHD NIPT in pregnancy
· Flow pathway for women with a weak or partial D RhD blood group
· Flow pathway RhD Ig prophylaxis with the introduction of RHD NIPT (including sensitising events)
· Simplified flow pathway RhD negative women in pregnancy
· An education PowerPoint presentation ‘RHD non‑invasive prenatal testing (NIPT) for fetal RhD blood group prediction in pregnancy’ is available
· RHD NIPT podcast
· RHD NIPT e-learning module linked to ANZSBT website and at https://www.midwives.org.au/ItemDetail?iProductCode=RHDNIPT&Category=ELEARN
· Interactive RHD NIPT web tool is available at https://rhdnipt.anzsbt.org.au/


[bookmark: _Toc210278646][bookmark: _Toc213236610]RHD NIPT Accreditation and Quality Assurance
[bookmark: _Toc210278647][bookmark: _Hlk158107912][bookmark: _Toc213236611]RHD NIPT Accreditation
With any new diagnostic pathology test there is a legal requirement that it must be accredited by the National Association of Testing Authorities (NATA) prior to being introduced into routine diagnostic use and the ability to claim the test as a Medicare funded test. Once the test is accredited by NATA, the test is then added to the laboratory’s Scope of Practice by NATA and the laboratory becomes eligible to claim it as a Medicare funded test. The same applies when introducing RHD NIPT. 
The in-house RHD NIPT developed by PathWest (King Edward Memorial Hospital [KEMH], Perth) and in limited use as part of a pilot program has gone through vigorous validation and has been accredited by NATA and now forms part of the PathWest KEMH pathology laboratory’s Scope of Practice.
The NIPA offered by Lifeblood for alloimmunised women with clinically significant antibodies capable of causing HDFN, which is different to RHD NIPT, has been accredited by NATA. Lifeblood have not pursued NATA accreditation for their validated RHD NIPT as they are not presently permitted to provide the test within their current Deed of Agreement with the Australian Government. 
Lifeblood is changing their current molecular technique for blood group genotyping and NIPT/NIPA to a fully automated third generation digital polymerase chain technology (dPCR) that allows RHD NIPT and other forms of NIPT/NIPA and blood group genotyping to be performed on the same instrument using the same technology. dPCR is highly sensitive, accurate in molecular detection, more cost effective, and has a higher throughput. Once this new technology has been validated by Lifeblood, it is their intent to seek NATA accreditation for RHD NIPT. 
[bookmark: _Toc210278648][bookmark: _Toc213236612]RHD NIPT Quality Assurance
Diagnostic laboratories must participate in Quality Assurance Programs that cover the range of diagnostic tests offered as part of their Scope of Practice. This would include RHD NIPT if offered by the laboratory.
Currently, in Australia there are no local RHD NIPT quality assurance programs due to lack of wide availability of the test and only one local test provider. In the future if the test becomes more readily available with more test providers, the Royal College of Pathologists of Australasia Quality Assurance Program (RCPAQAP) may consider developing a suitable program. In the meantime a plasma standard from the National Institute for Biological Standards and Control (NIBSC) for sensitivity testing is available and the UK National External Quality Assessment Scheme (NEQAS) offers an annual RHD NIPT Quality Assurance Program which KEMH is enrolled.



[bookmark: _Toc210278649][bookmark: _Toc213236613]Project Challenges and Future Directions
The lack of RHD NIPT availability has been an issue concerning the Steering Committee for the duration of the Project. At the start of the Project there was a clear plan from the Commonwealth Government for access to RHD NIPT through the MBS, however this has proven insufficient to fund testing. ANZSBT and RCPA have been seeking a review of the reimbursement from MBS. In addition, ANZSBT has been advocating for a reconsideration of a national provider (Australian Red Cross Lifeblood), where expertise and technology already exists and could have enabled a validated RHD NIPT roll out nearly 10 years ago had approval been given.
There are several reasons why funding testing through Australian Red Cross Lifeblood rather than MBS would be a preferred approach. From a practical viewpoint, Lifeblood has expertise and has performed the necessary studies to have a test approved and implemented, making this the fastest pathway for widespread availability. It would enable access for all, as all transfusion laboratories across Australia have referral pathways to Lifeblood in place for specialised transfusion laboratory support. As only one validation process is needed, testing will become available to all women simultaneously while the significant overheads will be reduced without multiple laboratories having to undertake their own individual validation procedures. Lifeblood already provides NIPA for pre-sensitised women for RHD as well as other antigens associated with HDFN, which other laboratories will be unable to validate without Lifeblood’s national referral base. Finally, testing within Lifeblood is consistent with the function of the organisation in maintaining the blood supply. While there is a benefit to women in not having to have RhD Ig, there is an equal community benefit in reducing use of this scarce blood product, a public health function that usually sits with Lifeblood and public health departments rather than placed upon women and supported through MBS. 
The Steering Committee and ANZSBT are aware of two jurisdictions (WA and NSW) where decisions have been made to establish RHD NIPT testing through public providers, with WA having started a pilot program. It is acknowledged that validation of new tests is a very lengthy process and currently no other states or territories are contemplating developing their own RHD NIPT. 
While one application from a commercial vendor has been previously made to TGA, there are no providers pursuing commercial test approval that we are aware of, due to the low MBS rebate.
[bookmark: _Hlk158105043]Once the RHD NIPT is validated by the laboratory, there is a legal requirement that the test must be accredited by the National Association of Testing Authorities (NATA) prior to being introduced into routine diagnostic use and the ability to claim it as a Medicare funded test. Another requirement for RHD NIPT once in routine use is the participation by the testing laboratory in a quality assurance program.
Currently, in Australia there are no RHD NIPT quality assurance programs due to the lack of the test, although in the future when the test becomes more readily available, the Royal College of Pathologists of Australasia Quality Assurance Program (RCPAQAP) may consider developing a suitable program. In the meantime a plasma standard from the National Institute for Biological Standards and Control (NIBSC) for sensitivity testing and a quality assurance program from NEQAS, UK are available.
Not only has a significant public health opportunity been missed to save approximately 340,000 doses of RhD Ig (~$29,000,000) and significant financials over the past 10 years, but certain RhD negative pregnant women continue to be exposed to an unnecessary blood product and invasive procedure without the availability of a national RHD NIPT.
In addition to delivering on this Project, ANZSBT and the Project Steering Committee have taken a progressive approach to advocacy for RHD NIPT, hoping that ANZSBT’s independent voice will encourage governments to re-evaluate their positions. This has included representations to all state, territory and Commonwealth Health Ministers, QUPP, NBA (noting they are not decision-makers on this policy), MSAC and to members of JBC.
ANZSBT has highlighted the need for a substantial increase in the MBS rebate to enable provision on a commercial basis through the MBS. ANZSBT has not taken a formal position on whether MBS pathway or funding through Lifeblood should be pursued. Instead, we have highlighted the pros and cons of each, including timelines for earlier implementation, economies of scale, standardisation, equity of access and redundancy of testing sites and platforms. 
With extremely limited interest from both public and private pathology laboratories to develop, validate and roll out the RHD NIPT we continue to provide RhD Ig to approximately 17,000 pregnant women annually unnecessarily, when a fully validated RHD NIPT could be rolled out nationally by Lifeblood within 6 months of gaining approval. 
In the meantime, and thanks to the Quality Use of Pathology Program (QUPP) Grant from the Australian Government Department of Health there is a broad suite of resources and education materials readily available for use when the RHD NIPT becomes more widely available leading to a standardised clinical testing pathway.


[bookmark: _Toc210278650][bookmark: _Toc213236614]Appendices
· Guidance for RHD non-invasive prenatal testing (RHD NIPT) for fetal RhD blood group prediction in pregnancy is available on the ANZSBT website (https://anzsbt.org.au/guidelines-standards/anzsbt-guidelines/)


· An interactive RHD NIPT web tool is available at https://rhdnipt.anzsbt.org.au/
[bookmark: _Hlk156832710]The following documents and resources are available or linked on the ANZSBT website (https://anzsbt.org.au/resources/rhd_in_pregnancy/)
· RHD NIPT podcast
· RHD NIPT e-learning module (https://www.midwives.org.au/ItemDetail?iProductCode=RHDNIPT&Category=ELEARN)
· DL 2pp brochure


· DL 6pp brochure


· Postcard A6


· Poster


· Flow pathway for clinically significant alloantibodies and or history of HDFN


· Flow pathway for pathology for RHD NIPT specimen management



· Flow pathway for RHD NIPT in pregnancy


· Flow pathway for women with a weak or partial D RhD blood group


· Flow pathway RhD Ig prophylaxis with the introduction of RHD NIPT (including sensitising events)


· Simplified flow pathway RhD negative women in pregnancy


· An education PowerPoint presentation ‘RHD non‑invasive prenatal testing (NIPT) for fetal RhD blood group prediction in pregnancy’ is available


· Audit tool


· Clinician & consumer survey tool


· Failure Modes and Effects Analysis
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Disclaimer
Institutions using this guidance document should formulate their own policies according to their patient population and availability of RHD NIPT. By necessity, these policies may need to be broader than those in this document.

We acknowledge the limitations and imperfections inherent in terminology and have aimed to use terminology that is as inclusive as possible, and which avoids inadvertent exclusion.

While the advice and information in this guidance is believed to be true and accurate at the time of publication, the authors and the ANZSBT recognise that preferred terminology and language will continue to change over time to reflect diverse and evolving consumer identities and needs.  
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[bookmark: _Toc149130617]Foreword

The Australian and New Zealand Society of Blood Transfusion (ANZSBT) is pleased to publish the first edition of Guidance for RHD non‑invasive prenatal testing (NIPT) for fetal RhD blood group prediction in pregnancy. 

The project to develop this guidance was funded by a $352,000 grant from the Australian Government Department of Health ‘Quality Use of Pathology Program’ (QUPP). The QUPP is a competitive national grants program which aims to improve health and economic outcomes through best practice use of pathology testing and receiving this grant is a significant achievement for the Society.

The guidance document was developed to support the advancement of the recommendation for the introduction of NIPT for fetal RHD in all RhD negative pregnant women, complementing the Guideline for the Prophylactic use of Rh D immunoglobulin in pregnancy care (NBA, 2021)[footnoteRef:2].  [2: . 	National Blood Authority (2021) Guideline for the prophylactic use of Rh D immunoglobulin in pregnancy care
https://www.blood.gov.au/anti-d-0] 


In developing the guidance, the project’s Steering Committee consulted widely and has produced a national roadmap, clinical care pathways, and complementary materials to support the safe and appropriate introduction of RHD NIPT into the clinical setting and enable targeted antenatal RhD immunoglobulin prophylaxis. 

On behalf of Council and members I wish to acknowledge the commitment David Roxby (Project Manager) and Kristen Brown (Project Officer) along with the members of the Steering Committee, chaired by Philip Crispin, who provided their time and expertise in developing this excellent and important guidance document. 





Simon Benson 	
ANZSBT President 







November 2023

[bookmark: _Toc149130618]Abbreviations

Ab 		Antibody

ACM		Australian College of Midwives

ANZSBT		Australian and New Zealand Society of Blood Transfusion 

cffDNA		Cell free fetal deoxyribonucleic acid

CVS		Chorionic villus sampling

CHF		Consumer’s Health Forum of Australia

DAT		Direct antiglobulin test

EDD		Estimated due date

EDTA		Ethylenediaminetetraacetic acid

FMH		Fetal maternal haemorrhage 

GP		General Practitioner

HDFN 		Haemolytic disease of the fetus and newborn

Ig		Immunoglobulin 

IATA		International Air Transport Association 

IUT		Intrauterine transfusion

Lifeblood	Australian Red Cross Lifeblood

LIS		Laboratory information system

MRN		Medical record number 

NBA 		National Blood Authority 

NIPA		Non-invasive prenatal assessment

NIPT		Non-invasive prenatal testing 

NPAAC		National Pathology Accreditation Advisory Council 

PHN		Primary health network

PTS 		Pneumatic tube system 

QUPP		Quality Use of Pathology Program

RACGP		Royal Australian College of General Practitioners

RANZCOG 	Royal Australian and New Zealand College of Obstetrics and Gynaecology 

SOP		Standard operating procedure

TAT		Turnaround time 

[bookmark: _Toc149130619]Glossary

Antenatal record	A unique healthcare record that contains all relevant information from conception and throughout a pregnancy

False-positive		An RhD negative fetus that is incorrectly classified as RhD positive

False-negative		An RhD positive fetus incorrectly classified as RhD negative

Hand-held pregnancy	The hard-copy personal record provided to women where clinical pregnancy and Record			postnatal visits are documented

Healthcare 		The term healthcare professionals refer to all clinical care providers, including

Professionals		general practitioner’s, midwives, nurses, medical officers and obstetricians

Healthcare record	Documentation unique to the patient, containing transcripts of patient care and progress, investigational data and consultations, which is retained by the managing healthcare professional or	health service

Kleihauer-Betke 	Test used to detect and quantify fetomaternal haemorrhage

Test

Medical Record 		A number used by a hospital or health facility to identify an individual and their 

Number 	(MRN)		health records

My Health Record	The digital health record, unique to each individual, that enables direct uploading of medical and diagnostic reports

Non-Invasive Prenatal 	A screening test which analyses fetal DNA obtained from a maternal blood sample

Testing (NIPT)

Partial D RhD group	RhD antigen with fewer antigen sites or missing epitopes leading to weak(er) or absent reactions with anti-D sera

Patient 	The term patient refers to both woman and infant in the context of healthcare provision and is not intended to imply ill health

Pneumatic Tube 	Transport system comprised of cylindrical tubes which use a vacuum mechanism to 

System 	transport specimens between laboratory and or hospital departments for processing

Processing pathology/	The pathology or laboratory services that completes the testing and resulting of a specimen		laboratory service

Referring pathology/	The laboratory/pathology service that transports a specimen to another

Laboratory service	pathology/laboratory service for testing.  This may be within the pathology service network or an external provider

RHD 	The gene symbol for RhD gene (italicised)

RhD 	Refers to the RhD blood group system

RHD NIPT	A screening test which analyses fetal DNA obtained from a maternal blood sample, to determine the fetal RhD blood group 

Shared care (in the	A collaborative agreement for agreed goal/s and treatment plan between a team

context of pregnancy)	of health healthcare professionals and the woman throughout the antenatal and postnatal period

Specimen	Means any tissue or fluid (including blood) from an individual that is submitted to the pathology service testing 

	



[bookmark: _Toc149130620]Introduction 	

This guidance have been developed to support the introduction of RHD non-invasive prenatal testing (NIPT) for fetal RHD genotyping, and targeted RhD immunoglobulin (Ig) prophylaxis in pregnant women who are RhD negative. 

The guidance recommendations are intended to be utilised in conjunction with existing national guidelines pertaining to RhD Ig prophylaxis; including the Department of Health Clinical Practice Guidelines: Pregnancy Care[footnoteRef:3], the National Blood Authority (NBA) Guideline for the Prophylactic use of Rh D immunoglobulin in pregnancy care[footnoteRef:4], and the Australian and New Zealand Society of Blood Transfusion (ANZSBT) Guidelines for Transfusion and Immunohaematology Laboratory Practice.[footnoteRef:5] The guidelines have been provided in a format that enables adaption for local context and should be considered with existing processes and resources for maternity care pathways.  [3: . 	Department of Health (2020) Clinical Practice Guidelines: Pregnancy Care	
https://www.health.gov.au/resources/pregnancy-care-guidelines ]  [4: . 	National Blood Authority (2021) Guidelines for the Prophylactic use of Rh D immunoglobulin in pregnancy care
https://www.blood.gov.au/anti-d-0 ]  [5: .	 Australian and New Zealand Society of Blood Transfusion (2016; revised 2020) Guidelines for Transfusion and Immunohaematology Laboratory Practice	
 https://anzsbt.org.au/guidelines-standards/anzsbt-guidelines ] 


The document has been developed from a summary of existing evidence, relevant national guidelines, the international implementation experience and subject matter expert consensus of what is determined to be good practice (see bibliography).   

The NIPT method refers only to NIPT for RHD status of the fetus. It remains separate from other non-invasive prenatal tests used for genetic screening. For pregnant women with anti-D red cell antibodies detected during pregnancy, the specialised RHD NIPT testing for fetal genotyping is provided by Australian Red Cross Lifeblood (“Lifeblood”); this is not included in this guidance document.  It is important that the scope of the RHD NIPT for fetal RhD prediction is clearly distinguished from all other types of non-invasive prenatal tests, so that pregnant women and clinicians understand the clear purpose of this test.

There are approximately 45,000 women in Australia who are identified to be RhD negative who give birth each year. Of these, approximately two thirds (29,000) will be carrying an RhD positive fetus. If maternal anti-D antibodies are produced, they will be directed against fetal red blood cells that express RhD leading to potential haemolytic disease of the fetus and newborn (HDFN). This can have significant morbidity and mortality as it leads to severe anaemia, causing fetal hydrops (heart failure) and jaundice resulting in kernicterus, long-term disability, or death. 

At the time of writing this guidance document, routine practice in Australia was for RhD Ig to be given to all RhD negative women at 28 and 34 weeks gestation, regardless of the RhD blood group of the fetus. This was due to the inability to determine the fetal RhD status except using invasive testing, such as amniocentesis or chorionic villus sampling, or from cord blood typing completed at birth. This universal approach to prophylactic RhD Ig administration means that the approximately 16,000 RhD negative women who are not carrying a RhD positive fetus are receiving RhD Ig unnecessarily. At the birth of the baby, a subsequent dose of RhD Ig is given to women who are RhD negative if the baby is RhD positive.  The routine use of RhD Ig for all women who are RhD negative creates significant supply challenges, and despite an exceptionally safe blood product supply in Australia, still results in exposure to avoidable risks of blood products.

To provide targeted RhD Ig therapy for only those women who require treatment (RhD negative mother carrying a RhD positive fetus), RHD NIPT is required to determine the fetal RhD blood group. The RHD NIPT has proven safety and efficacy as the routine standard of care in several countries (Denmark, Sweden, France, Germany, Netherlands and the UK) , with many of these countries adopting this approach more than 10 years ago. 

As pregnancy progresses, there is an increasing amount of cell-free fetal DNA (cffDNA) [3-30% depending on gestational age] circulating in the maternal blood. RHD NIPT uses cffDNA obtained from a maternal blood specimen to predict the fetal RhD status, thereby allowing targeted therapy with RhD Ig prophylaxis for women who are RhD negative.  To ensure adequate amounts of cffDNA, it is recommended that RHD NIPT is not performed prior to 11+  weeks gestation.

The test is very accurate, with a small chance that the results will report a RhD positive fetus when the fetus is identified as negative at birth. Of clinical significance is the potential for a very small chance of RhD positive fetuses to be reported incorrectly as RhD negative. This may lead to alloimmunisation of the mother affecting the baby and future pregnancies. The risk of this occurring remains low, as these babies will be identified as RhD positive following cord blood sample testing at birth and the mother offered RhD Ig to minimise the risk.

RHD NIPT should be offered as standard care for all women who are RhD negative with no preformed RhD antibodies (as per NBA Guidelines). The RHD NIPT must not be confused with non-invasive prenatal analysis (NIPA) for women identified at high risk of HDFN with preformed red cell antibodies such as anti-D, K or Fy (testing performed by Lifeblood’s Red Cell Reference Laboratory, Queensland).  The present guideline does not change this pathway.

[bookmark: _Toc149130621]Scope

This guidance document supports safe practices for services and organisations wishing to introduce RHD NIPT as part of the pregnancy care pathway. The intention is to ensure that RhD negative women who require RhD Ig receive the intended prophylaxis throughout their pregnancy and at the birth of their baby. The guidance refers to fetal RHD NIPT recommended for RhD negative women who have no preformed red cell RhD antibodies. Women with preformed clinically significant antibodies (for example anti-D, -c, -C, -E, -K, -k, -Fya, -Fyb) or weak/partial D groups will require specific testing (see Section 2.2 clinical pathways).

It is acknowledged that service variation may require local adaption of resources and policies, with the aim of the guideline to provide a generalised approach to practice that can be applied to all maternity care models, regardless of their location in Australia and the patient population for whom they provide care. 

[bookmark: _Toc149130622][bookmark: _Hlk149047265]Terminology

The guidance is primarily informative and reflect what the Project Steering Committee believes is the minimum acceptable level of practice. Guidance is provided in the form of recommendations, the strength of which is indicated by the following (modal) terms: 

Must	Indicates a strongly recommended practice where compliance would be expected. 

Should 	Indicates a recommended practice where compliance would be expected but alternative practices may be acceptable.







May	Indicates a practice that is permitted within the context of the guidance.[footnoteRef:6] [6: 5. Ginige, S. Daly, J. Hyland, C. Powley, T. O’Brien, H, Moreno, A. Gardener, G and Flower, R. (2022) The role of non-invasive prenatal testing (NIPT) for fetal blood group typing. Australian and New Zealand Journal of Obstetrics and Gynaecology, 62: 33-36 https://obgyn.onlinelibrary.wiley.com/doi/10.1111/ajo.13446
] 


1 [bookmark: _Toc149130623]Roles and responsibilities

1.1 [bookmark: _Toc141971294][bookmark: _Toc141972847][bookmark: _Toc141972950][bookmark: _Toc141973053][bookmark: _Toc141973155][bookmark: _Toc141973256][bookmark: _Toc141973358][bookmark: _Toc141973458][bookmark: _Toc141973557][bookmark: _Toc141975660][bookmark: _Toc145546036][bookmark: _Toc145546219][bookmark: _Toc149130624]Clinical care providers

It is the responsibility of all healthcare professionals (midwives, general practitioners (GPs) and medical officers) providing antenatal care at any time point during the antenatal period to follow the procedure in this guidance and ensure that following processes occur where indicated:

· Provide information

· Informed consent:

· Consent for RHD NIPT (verbal)

· Consent for RhD Ig (written)

· Documentation of the results and mangement completed in the individual health record/clinical records

· Request of correct test type, specimen collection and follow up results of blood tests 

· Documentation of results and management completed in the individual health record/clinical records

· All adverse events are reported according to local and/or national requirements

1.2 [bookmark: _Toc149130625]Laboratory and pathology staff 

Laboratory and pathology staff have the responsibility to provide accurate, safe and reliable test results for RHD NIPT and ensure accessibility of the results to the woman and the healthcare providers. This includes: 

· Ensuring minimum specimen requirements are met or provide notification to the requesting clinician when the specimen does not meet the minimum requirements for processing 

· Reporting of results and entry within the relevant laboratory information system (LIS)

· Uploading of the RHD NIPT report to My Health Record

· Adhering to all local standard operating procedures (SOPs) relating to the specimen collection, transport, tracking, analysis, resulting and reporting









2 [bookmark: _Toc149130626]Indication and timing of RHD NIPT during pregnancy

2.1 [bookmark: _Toc141964694][bookmark: _Toc141964853][bookmark: _Toc141964998][bookmark: _Toc141965142][bookmark: _Toc141968864][bookmark: _Toc141970177][bookmark: _Toc141971299][bookmark: _Toc141972852][bookmark: _Toc141972955][bookmark: _Toc141973058][bookmark: _Toc141973160][bookmark: _Toc141973261][bookmark: _Toc141973363][bookmark: _Toc141973463][bookmark: _Toc141973562][bookmark: _Toc141975665][bookmark: _Toc145546041][bookmark: _Toc145546224][bookmark: _Toc149130627]Indication

All pregnant women must have their blood group (ABO and RhD) and antibody screen completed prior to ordering RHD NIPT. Where the blood group testing has been completed by an external/private pathology laboratory, a copy of the report must be available and should be entered into the woman’s healthcare record.

All pregnant women with a RhD negative blood group with no preformed anti-D red cell antibodies should be offered RHD NIPT between 12 weeks and 26 weeks gestation for each individual pregnancy (see simplified flow pathway FP1; page 11). This includes women with a singleton or multiple pregnancy as the RHD NIPT will identify if at least one of the fetuses is RhD positive and RhD Ig prophylaxis will be recommended if there is a positive result. 

Women with other preformed clinically significant red cell alloantibodies, weak D (other than weak D group 1, 2, or 3) or partial D types will require specific testing (see Section 3. Clinical care pathways).

If a woman presents after 26 weeks gestation, routine RhD Ig prophylaxis at 28 weeks should be recommended as well as RHD NIPT, as the RHD NIPT results may not be available by 28 weeks gestation due to transport and specimen processing delays. 

Completing RHD NIPT may be considered up to 32 weeks as this would still prevent the dose of RhD Ig at 34 weeks gestation for women carrying an RhD negative baby.

Local care pathways should also consider women who have not had antenatal care prior to birth, present late (after 26 weeks) or for those women who decline to have the test.

2.2 [bookmark: _Toc149130628]Timing of RHD NIPT 

Evidence supports testing beyond 11 weeks gestation, however RHD NIPT assays should focus on a careful design that ensures adequate levels of cffDNA that ensures high sensitivity to avoid false-negative results.  This guidance recommends RHD NIPT testing from 12 weeks gestation to align with current antenatal schedule of care although individual laboratories may wish to validate from 11 weeks gestation.  

Testing should be completed at or after 12 weeks and prior to 26 weeks gestation to align with current antenatal care schedules. This optimises result accuracy and allows for transport, processing and reporting of results prior to the 28 weeks appointment should the woman require RhD Ig. [footnoteRef:7] [7:  National Blood Authority (2021) Guideline for the prophylactic use of Rh D immunoglobulin in pregnancy care
https://www.blood.gov.au/anti-d-0] 


A woman may still be considered for RHD NIPT testing up to 32 weeks, as RhD Ig would not be required at 34 weeks and for sensitising events if the fetus was predicted to be RhD negative (refer to FP1-4). 





2.2.1 [bookmark: _Toc141968867][bookmark: _Toc141970180][bookmark: _Toc145546044][bookmark: _Toc145546227][bookmark: _Toc149130629]Late presentation

For women who have not had antenatal care prior to 26 weeks of pregnancy, the care pathway should continue as per the current universal approach for routine prophylaxis as outlined in the RANZCOG 2019 Guidelines for the use or Rh(D) Immunoglobulin (Anti-D) in obstetrics.[footnoteRef:8]  [8: . 	Royal Australian and New Zealand College of Obstetrics and Gynaecology (2019) Guidelines for the use of Rh(D) Immunoglobulin (Anti-D) in Obstetrics (C-Obs 6) 	
https://ranzcog.edu.au/resources/statements-and-guidelines-directory] 


For women who have missed RHD NIPT prior to 26 weeks gestation, the woman may still be considered for RHD NIPT up to 32 weeks to further reduce unnecessary RhD Ig prophylaxis requirements. 





3 [bookmark: _Toc149130630]Clinical care pathways 

3.1 [bookmark: _Toc145546051][bookmark: _Toc145546234][bookmark: _Toc149130631]Transition of Care 

Clinical care during pregnancy spans multiple parts of Australian medical systems. Many patients will transition between these systems during their pregnancy. For instance, many patients receive GP care during early pregnancy and then transition to the care of a maternity service. This transition occurs at variable gestations across Australia. Furthermore, some patients may participate in a shared care program where GPs and midwives provide antenatal care alongside hospital colleagues. Such arrangements are not currently supported by a single inter-operable clinical record, but rather separate clinical records with the need for periodic communication, correspondence, information sharing and mechanisms to acknowledge results and management decisions. 

Transitions of care and sharing of care across multiple medical systems with separate clinical records, marks the greatest time of risk in the loss of crucial clinical information, medical error, and inadvertent service delivery gaps. Both clinical transition periods and shared care arrangements need clear local processes and procedures to ensure clarity about roles and responsibilities, closed loop communication for the provision and acknowledgement of results and management decisions. 

The RACGP’s Position Statement, titled Shared Care Model between GP and non-GP specialists for complex chronic conditions [footnoteRef:9] highlights several safety issues in this area including (but not limited to):  [9: . 	The Royal Australian College of General Practitioners (2023) Shared Care Model between GP and non‑GP specialists for complex conditions	
https://www.racgp.org.au/advocacy/position-statements/view-all-position-statements/clinical-and-practice-management/shared-care-model-between-gp-and-non-gp-specialist ] 


· communication

· clarity around healthcare provider roles

· the need for implementable shared clinical protocol development

This clinical guideline needs to be implemented with clear local processes that facilitate safe, closed loop communication between all maternity care providers, and the provision of, access to, and acknowledgement of both results and management decisions. Implementation will require activities to develop these processes to reflect local resourcing and arrangements.

3.2 [bookmark: _Toc149130632]Flow pathways 

Clinical care pathways have been developed to support clinical care providers and laboratory staff in navigating the recommended care for women with an RhD negative blood group, where additional considerations may require variation to standard care. 

· FP1 	Simplified flow pathway for RhD negative women with no alloantibodies

· FP2 	Flow pathway for RHD NIPT in pregnancy

· FP3 	Flow pathway for RHD NIPT for RhD negative women in pregnancy 

· FP4 	Flow Pathway for RhD Ig prophylaxis with the introduction of RHD NIPT (including 	sensitising events) 

· FP5 	Flow Pathway for women with a weak D or partial D RhD blood group

· FP6 	Flow pathway for women with potentially clinically significant red cell alloantibodies or a 	history of fetal anaemia / haemolytic disease of the fetus and newborn (HDFN)

· FP7 	Flow pathway for laboratory / pathology for RHD NIPT specimen management

Each care pathway should be applied based on the clinical history, pathology results, test timing and the woman’s preferred treatment option following provision of information. 

The intent of these flow pathways is to provide context for the application of RHD NIPT testing across a number of clinical care settings and environments.  The flow pathways are designed as a guide only and may be utilised as a template to develop local flow pathways.  

Where testing is declined or there are unavailable or uncertain results that cannot be clarified, RhD Immunoglobulin prophylaxis should continue as part the recommended clinical care pathway.   





[bookmark: _Toc149130633]FP1	Simplified flow pathway for RhD negative women with no alloantibodies
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[bookmark: _Toc149130634]FP2	Flow pathway for RHD NIPT in pregnancy
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[bookmark: _Toc149130635]FP3	Flow pathway for RHD NIPT for RhD negative women in pregnancy 









[image: ]







[bookmark: _Toc149130636]FP4	Flow Pathway for RhD Ig prophylaxis with the introduction of RHD NIPT (including sensitising events)
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Notes

Ideally the RHD NIPT should be completed as close to 12 weeks gestation as possible to reduce the number of women who may require RhD Ig prophylaxis for sensitising events prior to the availability of RHD NIPT results being available. 

If the RHD NIPT fetal RhD type has not yet been completed, or results are not available, the woman should be treated with RhD Ig prophylaxis as per the NBA Guidelines for the Prophylactic use of Rh D immunoglobulin in pregnancy care)[footnoteRef:10] and the current Royal Australian and New Zealand College of Obstetrics and Gynaecology (RANZCOG) Guidelines for the use of Rh(D) Immunoglobulin (Anti-D) in Obstetrics.[footnoteRef:11]  [10: . 	National Blood Authority (2021) Guideline for the Prophylactic use of Rh D immunoglobulin in pregnancy care 
https://www.blood.gov.au/anti-d-0]  [11: .	Royal Australian and New Zealand College of Obstetrics and Gynaecology (2019) Guidelines for the use of Rh(D) Immunoglobulin (Anti-D) in Obstetrics (C-Obs 6)	
https://ranzcog.edu.au/resources/statements-and-guidelines-directory ] 




[bookmark: _Toc149130637]FP5 	Flow Pathway for women with a known weak or partial D blood group

[image: ]

Notes

Women with known weak/partial D types may or may not require RHD NIPT:

· Where the woman is known to be a Weak D type 1, 2, or 3, the woman should be treated as RhD positive and does not require RhD Ig.

· Women with a weak D other than type 1, 2, or 3 may be recommended for RHD NIPT testing. Where the weak D type is unclear, further consultation with the pathology provider is recommended.

· Where a woman is identified as having a partial D type, consultation with the pathology service provider is recommended. The pathology service provider may also recommend consultation with a haematologist to determine whether further investigation and / monitoring is required.



[bookmark: _Toc149130638]FP6 	Flow pathway for women with potentially clinically significant alloantibodies or a history of fetal anaemia/haemolytic disease of the fetus and newborn (HDFN)
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Notes

For pregnant women with an RhD negative blood group who are known to be alloimmunised (preformed anti-D) the testing pathway will continue with the current established treatment pathway and may require specialised testing by Lifeblood’s Red Cell Reference Laboratory and consultation with a haematologist or fetal medicine specialist to manage pregnancy care if indicated. 

Women with detectable, clinically significant antibodies should be referred for further testing according to the antibodies which are detected: 

· Women with detectable antibodies (anti-D, -c, -C, -E, -K, -k, -Fya, -Fyb): Specialised non-invasive prenatal analysis (NIPA) provided by Lifeblood’s Red Cell Reference Laboratory is recommended. 

· Women with red cell antibodies of unidentified specificity: 	
Refer a specimen to Lifeblood’s Red Cell Reference Laboratory for further investigations to determine antibody specificity and clinical significance.

The Lifeblood Red Cell Reference Laboratory Request form and further information can be obtained from the Red Cell Reference page of the Lifeblood website.

[bookmark: _Toc149130639]FP7 	Flow pathway for laboratory/pathology for RHD NIPT specimen management	
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4 [bookmark: _Toc149130640][bookmark: _Toc134081202][bookmark: _Toc134081367][bookmark: _Toc134081385]Consent

4.1 [bookmark: _Toc141964717][bookmark: _Toc141964876][bookmark: _Toc141965021][bookmark: _Toc141965165][bookmark: _Toc141968885][bookmark: _Toc141970198][bookmark: _Toc141971316][bookmark: _Toc141972869][bookmark: _Toc141972971][bookmark: _Toc141973074][bookmark: _Toc141973176][bookmark: _Toc141973277][bookmark: _Toc141973379][bookmark: _Toc141973479][bookmark: _Toc141973578][bookmark: _Toc141975681][bookmark: _Toc145546064][bookmark: _Toc145546246][bookmark: _Toc141964718][bookmark: _Toc141964877][bookmark: _Toc141965022][bookmark: _Toc141965166][bookmark: _Toc141968886][bookmark: _Toc141970199][bookmark: _Toc141971317][bookmark: _Toc141972870][bookmark: _Toc141972972][bookmark: _Toc141973075][bookmark: _Toc141973177][bookmark: _Toc141973278][bookmark: _Toc141973380][bookmark: _Toc141973480][bookmark: _Toc141973579][bookmark: _Toc141975682][bookmark: _Toc145546065][bookmark: _Toc145546247][bookmark: _Toc141971318][bookmark: _Toc141972871][bookmark: _Toc141972973][bookmark: _Toc141973076][bookmark: _Toc141973178][bookmark: _Toc141973279][bookmark: _Toc141973381][bookmark: _Toc141973481][bookmark: _Toc141973580][bookmark: _Toc141975683][bookmark: _Toc145546066][bookmark: _Toc145546248][bookmark: _Toc149130641]Consent for RHD NIPT 

The consent process and treatment decision should be clearly documented in the antenatal/clinical records and be available for all clinical care providers involved throughout the pregnancy. This should include the information provided, treatment preferences, care pathway and any further management. Women may decline parts or all of the recommended care, and this should be clearly documented in the antenatal record, along with treatment preferences. Women should also be made aware that they may withdraw or change consent at anytime.

Agreement to have the RHD NIPT for determination of fetal RhD status following informed discussion, assumes consent for the specimen collection and associated reporting. Written consent is not required for RHD NIPT testing.[footnoteRef:12] [12: .  	National Pathology Accreditation Advisory Council (2023) Requirements for medical testing for human genetic variation (3rd ed)	
https://www.safetyandquality.gov.au/publications-and-resources/resource-library/requirements-medical-testing-human-genetic-variation-third-edition 
] 


4.2 [bookmark: _Toc149130642]Provision of information 

All women with an RhD negative blood group should receive information explaining treatment pathways aimed at reducing the risk of HDFN. This includes the risks and benefits associated with RHD NIPT and RhD Ig prophylaxis if required, and treatment options which are available. 

4.2.1 [bookmark: _Toc141968889][bookmark: _Toc141970202][bookmark: _Toc141971322][bookmark: _Toc141972875][bookmark: _Toc141972977][bookmark: _Toc141973080][bookmark: _Toc141973182][bookmark: _Toc141973283][bookmark: _Toc141973385][bookmark: _Toc141973485][bookmark: _Toc141973584][bookmark: _Toc141975687][bookmark: _Toc145546069][bookmark: _Toc145546251][bookmark: _Toc141968890][bookmark: _Toc141970203][bookmark: _Toc141971323][bookmark: _Toc141972876][bookmark: _Toc141972978][bookmark: _Toc141973081][bookmark: _Toc141973183][bookmark: _Toc141973284][bookmark: _Toc141973386][bookmark: _Toc141973486][bookmark: _Toc141973585][bookmark: _Toc141975688][bookmark: _Toc145546070][bookmark: _Toc145546252][bookmark: _Toc141968891][bookmark: _Toc141970204][bookmark: _Toc141971324][bookmark: _Toc141972877][bookmark: _Toc141972979][bookmark: _Toc141973082][bookmark: _Toc141973184][bookmark: _Toc141973285][bookmark: _Toc141973387][bookmark: _Toc141973487][bookmark: _Toc141973586][bookmark: _Toc141975689][bookmark: _Toc145546071][bookmark: _Toc145546253][bookmark: _Toc141968892][bookmark: _Toc141970205][bookmark: _Toc141971325][bookmark: _Toc141972878][bookmark: _Toc141972980][bookmark: _Toc141973083][bookmark: _Toc141973185][bookmark: _Toc141973286][bookmark: _Toc141973388][bookmark: _Toc141973488][bookmark: _Toc141973587][bookmark: _Toc141975690][bookmark: _Toc145546072][bookmark: _Toc145546254][bookmark: _Toc149130643]Translation of Information 

Information should be sufficient to enable an informed decision, and this may require translation of information through the support of a translation service or the use of translated resources for consumers where English is not a person’s first language.

4.2.2 [bookmark: _Toc149130644]Resources available for RHD NIPT 

Information should be provided in a way  that is meaningful and explains the risks, benefits and available care pathways and  treatment options relating to RHD NIPT.   Information should be sufficient to enable informed decision-making with the support of the clinical care provider. Resources, including an interactive consumer resource and consumer information brochures, are available on the ANZSBT website.

4.3 [bookmark: _Toc149130645]Risks and benefits of RHD NIPT 

4.3.1 [bookmark: _Toc141968896][bookmark: _Toc141970209][bookmark: _Toc149130646]Benefits of RHD NIPT 

The expected benefits of routine RHD NIPT for RhD negative pregnant women are:

· Prevention of unnecessary RhD Ig prophylaxis and risks associated with administration of blood products

· Avoiding painful injections when the fetal RHD genotype is predicted as RhD negative

· Reduced appointments and time to attend for administration of RhD Ig where it is not required.

· Increased availability of RhD Ig for those women who require it

· Reduced anxiety associated with potential sensitising effects for women where the fetus is predicted as being Rh negative

4.3.2 [bookmark: _Toc149130647]Risks of RHD NIPT 

[bookmark: _Toc141968899][bookmark: _Toc141970212][bookmark: _Toc149130648]4.3.2.1 	Inconclusive result 

There is a small risk that the results may be reported as inconclusive. Inconclusive results may be provided where the maternal specimen is collected from a woman with partial D blood type, where the specimen quality is poor, or where there is inadequate fetal DNA. 

[bookmark: _Toc134081205][bookmark: _Toc134081370][bookmark: _Toc134081388]In the instance of an inconclusive result, the report will indicate that an accurate result cannot be provided and that the woman should be treated as per standard of care with prediction of an RhD positive fetus. This would result in a risk level equivalent to the current risks of current standard of care (i.e. unnecessary administration of RhD Ig). 

[bookmark: _Toc149130649]4.3.2.2	False positive RHD NIPT results

There is a small risk that the fetal RhD blood group will be incorrectly resulted as RhD positive. This would result in a risk level equivalent to the risks of current standard of care (i.e. unnecessary administration of RhD Ig). 

A cord blood specimen will be collected at the birth of the baby and RhD Ig will be witheld if the fetal RhD blood group is confirmed to be RhD negative. 

[bookmark: _Toc149130650]4.3.2.3 	False negative RHD NIPT results

There is a very small risk (0.5 -1.0%) of a false negative result, meaning that the fetus is incorrectly predicted to be RhD negative. This may result in the woman developing anti-D antibodies that may be of significance for this pregnancy, but more likely subsequent pregnancies. 

In the event of a false negative result, the percentage of women who develop anti-D antibodies remains small with alloimmunisation estimated to be 0.8-1.5%, providing the woman has RhD Ig administered  at the birth of the baby.  

Should a RHD NIPT result predict a RhD negative fetus followed by a cord blood result showing a RhD positive baby, a repeat capillary blood sample from the baby should be collected and tested to confirm the baby’s RhD blood group. 

Where the baby is confirmed to be RhD positive, the mother should receive RhD Ig within 72 hours and a repeat blood group and antibody screen completed. This must be investigated and reported through the appropriate haemovigilance reporting system and the processing laboratory notified of the discordant result. Consultation with a haematologist should be considered. 

The woman should be notified of the incorrect results and information provided relating to implications for future pregnancies.[footnoteRef:13] [13: ] 


4.4 [bookmark: _Toc149130651]Consent for RhD Ig prophylaxis 

Although considered to be a very safe treatment, RhD Ig is derived from human blood and has risks associated with blood-derived products. If the RhD negative woman is determined to be carrying a RhD positive fetus, and RhD Ig is to be part of the treatment plan, this will require a written consent form. This should be accompanied by further information relating to the risks and benefits of RhD Ig administration. 

4.4.1 [bookmark: _Toc141968919][bookmark: _Toc141970228][bookmark: _Toc149130652]Resources for RhD Ig prophylaxis 

Lifeblood and CSL Behring have developed the Important Information for Rh (D) negative women and You and your baby: Important information for Rh(D) negative women consumer resources that explain the process, risks and benefits of RhD Ig therapy. 

4.5 [bookmark: _Toc149130653]Women who decline RHD NIPT

There are several reasons that a woman may decline to have the RHD NIPT for prediction of fetal RhD status. These include desire not to have antenatal testing, or women who decline blood products based on preference or religious beliefs regardless of the fetal RhD status, where there are no future pregnancies intended or where the father of the baby is known to have an RhD negative blood group. 

If the woman declines the RHD NIPT and RhD Ig prophylaxis, it is important that the woman is provided adequate information relating to associated risks and potential outcomes for the current and future pregnancies. This should be clearly documented in the woman’s antenatal record/clinical care record.  

For RhD negative women who decline the recommended care, further consultation may be required.  Any further advice, consultation and/or treatment care plan should be clearly documented in the antenatal record.[footnoteRef:14] [14: .  	Australian College of Midwives (2021) National Midwifery Guidelines for Consultation and Referral	 
https://midwives.org.au/Web/Web/About-ACM/Guiding-Documents.aspx?hkey=5f46e7ad-8ffa-4abb-ad31-e127157eceb2 ] 


Where a woman declines to have RHD NIPT, RhD Ig prophylaxis is recommended at 28 and 34 weeks gestation, with an additional dose of RhD Ig at the birth of the baby if the cord blood specimen determines the baby to be of RhD positive blood group. 




5 [bookmark: _Toc149130654]Specimen collection 

5.1 [bookmark: _Toc141964741][bookmark: _Toc141964900][bookmark: _Toc141965045][bookmark: _Toc141965189][bookmark: _Toc141968925][bookmark: _Toc141970233][bookmark: _Toc141971343][bookmark: _Toc141972896][bookmark: _Toc141972998][bookmark: _Toc141973100][bookmark: _Toc141973202][bookmark: _Toc141973303][bookmark: _Toc141973403][bookmark: _Toc141973503][bookmark: _Toc141973602][bookmark: _Toc141975705][bookmark: _Toc145546088][bookmark: _Toc145546269][bookmark: _Toc145546089][bookmark: _Toc145546270][bookmark: _Toc149130655]Specimen collection 

All specimens for RHD NIPT must be collected in accordance with the requirements as outlined in the NPAAC Requirements for Transfusion Laboratory Practice (5th ed 2022)[footnoteRef:15] and ANZSBT Guidelines for Transfusion and Immunohaematology Laboratory Practice (2020).[footnoteRef:16] [15: . 	National Pathology Accreditation Advisory Council (2022) Requirements for transfusion laboratory practice (5th ed)	https://www.safetyandquality.gov.au/publications-and-resources/resource-library/requirements-transfusion-laboratory-practice-fifth-edition ]  [16: . 	Australian and New Zealand Society of Blood Transfusion (2016; revised 2020) Guidelines for Transfusion and Immunohaematology Laboratory Practice 	
https://anzsbt.org.au/guidelines-standards/anzsbt-guidelines] 


In addition to these guidance, each pathology provider may have preferences and/requirements for the RHD NIPT specimen as outlined in their standing operating procedure (SOP) manual. 

It is the responsibility of the collecting person to ensure that they are familiar with these, including the minimum patient identification requirements and patient identification processes. 

5.2 [bookmark: _Toc149130656]Patient identification 

Prior to the collection of the RHD NIPT blood specimen, the woman’s FULL NAME and DATE OF BIRTH (DOB) must be verified, preferably by the woman from whom the specimen is being collected.  These details should be visually compared to those on the request form to ensure they are an identical match, and again on the specimen label following collection. 

5.3 [bookmark: _Toc134081207][bookmark: _Toc134081372][bookmark: _Toc134081390][bookmark: _Toc149130657]Specimen and request form requirements 

The specimen must contain a minimum of 2 patient identifiers for the mother for the specimen (preferably 3) and a minimum of 3 patient identifiers for the mother for the request form [FULL NAME, DATE OF BIRTH (DOB) and MEDICAL RECORD NUMBER (MRN) if known]. The request form and specimen label details must match exactly. 

The appropriate specimen tube types (EDTA or Streck ‘Cell-Free DNA BCT®’) must be collected according to the specific requirements as outlined by the test provider. The specimen must contain adequate blood volume for processing, the signature of the collector and must be labelled at the time of collection with the confirmed patient details. 

There are several specific requirements necessary to ensure that the fetal DNA remains stable and reduce the likelihood of an inconclusive result or sample rejection. 

These include:

· The specimen must not be reopened or used for other testing purposes, with RHD NIPT requiring a dedicated specimen

· The specimen must be collected in the specified order-of-draw depending on the type of tube utilised (EDTA or Streck) and provider preference

· The EDD must be used to confirm pregnancy weeks gestation

5.3.1 [bookmark: _Toc141968929][bookmark: _Toc141970237][bookmark: _Toc149130658]RHD NIPT request form 

It is recommended that a dedicated RHD NIPT request form be utilised, reducing the potential omission of the information necessary for specimen processing. 

Where a generic request form is utilised for RHD NIPT, pathology providers should consider education which specifically targets additional information required for the RHD NIPT and inclusion of additional dedicated sections for specific RHD NIPT information. 

The specimen must be accompanied by the specified request form which contains the following information:

· correct patient details (a minimum of 3 unique patient identifiers)

· date/time of collection

· name and signature of the collector 

· estimated due date (EDD) 

· the requesting clinician’s name and contact details and where copies of results are to be sent (it is recommended that the woman should be included to receive a copy of the results/report). It is important that the requesting clinicians’ details are included in the event that the specimen cannot be processed. 

· any potential sensitising events and relevant clinical information

5.4 [bookmark: _Toc149130659] Urgent processing of specimens

If urgent processing of the RHD NIPT specimen is required, this should be indicated on the form and the processing laboratory contacted to confirm expected turnaround time. 

5.5 [bookmark: _Toc149130660]Specimens which do not meet minimum requirements for processing

Specimens that do not meet the minimum acceptance requirements may be rejected and require a repeat collection or result in an inability to complete the RHD NIPT testing and/default to routine RhD Ig prophylaxis. 

The laboratory will notify the clinician if the specimen is rejected. Facilities must have processes in place to manage rejected specimens. This should include documentation requirements, and consideration given as to whether repeat collection of the specimen may be accepted or if care defaults to routine RhD Ig prophylaxis. 	

6 [bookmark: _Toc149130661]Transport and storage of specimens

6.1 [bookmark: _Toc141964750][bookmark: _Toc141964909][bookmark: _Toc141965054][bookmark: _Toc141965198][bookmark: _Toc141968938][bookmark: _Toc141970246][bookmark: _Toc141971352][bookmark: _Toc141972905][bookmark: _Toc141973007][bookmark: _Toc141973109][bookmark: _Toc141973211][bookmark: _Toc141973312][bookmark: _Toc141973412][bookmark: _Toc141973511][bookmark: _Toc141973610][bookmark: _Toc141975714][bookmark: _Toc145546098][bookmark: _Toc145546279][bookmark: _Toc149130662]General principles 

Once collected, the specimen and request form should be sent directly to the laboratory to enable specimen registration and processing. Each provider may have additional requirements which are specific to their processes and the tube utilised as these will change the storage conditions necessary to maintain the integrity of the specimen. 

Collection centres and pathology services must have processes in place to enable safe transport of specimens to the processing laboratory from locations that are a long distance from the laboratory. This should also include times and days the specimen collection may be completed if there is a limited service for RHD NIPT, to reduce rejection of expired and/haemolysed specimens. 

6.2 [bookmark: _Toc149130663]Specimen registration 

Each specimen should be registered in the Laboratory Information System (LIS) using the test code for RHD NIPT. This is important to ensure that the specimen can be tracked, processed, and reported. 

Once registered the specimen may be tracked to reduce the risk of the specimen being lost and for improved visibility of the specimen for referring pathology services and requesting clinicians, particularly for results not received within the expected timeframe. 

6.2.1 [bookmark: _Toc141968941][bookmark: _Toc141970249][bookmark: _Toc141971356][bookmark: _Toc141972909][bookmark: _Toc141973011][bookmark: _Toc141973113][bookmark: _Toc141973215][bookmark: _Toc141973316][bookmark: _Toc141973416][bookmark: _Toc141973515][bookmark: _Toc141973614][bookmark: _Toc141975718][bookmark: _Toc145546107][bookmark: _Toc145546288][bookmark: _Toc149130664]Sending specimens on to another laboratory for processing

Specimens received by a referring pathology service must be registered in the LIS and then managed according to the local SOP for sending specimens away to another pathology service for processing, whether within or external to the referring service provider. This additional process must ensure that the integrity and storage condition of the specimen is maintained, minimising delays in delivery to the processing centre to avoid expiry of the specimen. 

Specimens which require transport to another laboratory for processing must be packed and transported in accordance with the RHD NIPT requirements and NPAAC Requirements for the packing and transport of pathology specimens and associated materials.[footnoteRef:17] 	
If there is a delay in transferring the specimen to the processing laboratory, the specimen must be stored according to the processing laboratory’s requirements until it can be transferred. Specimens must be received at the processing laboratory within the validated time from collection otherwise it will not be processed.  [17: . 	National Pathology Accreditation Advisory Council (2022) Requirements for the packing and transport of pathology specimens and associated materials (5th ed)	 https://www.safetyandquality.gov.au/publications-and-resources/resource-library/requirements-packaging-and-transport-pathology-specimens-and-associated-materials-fifth-edition] 


The referring laboratory should provide contact details to assist with potential issues with specimen requests that may lead to specimen rejection so that appropriate follow up and notification may be made to the requesting clinician. This is essential to ensure reports are received by the intended pathology service and requesting service/clinician.

6.3 [bookmark: _Toc149130665]Pneumatic tube system (PTS) 

Where the pneumatic tube system (PTS) is used for specimen transport, it must be validated for its suitability to maintain specimen integrity for RHD NIPT testing prior to use.[footnoteRef:18] [18: .  	Streck Cell-Free DNA BCT® Product Instructions for Use (2020) 	
https://www.streck.com/products/stabilization/cell-free-dna-bct/ ] 


7 [bookmark: _Toc149130666]Reporting and accessibility of results 

7.1 [bookmark: _Toc141964765][bookmark: _Toc141964924][bookmark: _Toc141965068][bookmark: _Toc141965213][bookmark: _Toc141968948][bookmark: _Toc141970256][bookmark: _Toc141971363][bookmark: _Toc141972916][bookmark: _Toc141973018][bookmark: _Toc141973120][bookmark: _Toc141973222][bookmark: _Toc141973323][bookmark: _Toc141973423][bookmark: _Toc141973522][bookmark: _Toc141973621][bookmark: _Toc141975725][bookmark: _Toc145546114][bookmark: _Toc145546295][bookmark: _Toc149130667]Reporting of results 

Results should be reported in a timely manner to allow for clinical interpretation of results and associated treatment recommendations. The results should be concise and clearly distinguish the results applicable to the mother and those of the fetus. 

It is recommended that results are reported in a prompt and uniform manner to enable standardisation of language for RHD NIPT results and reduce potential errors associated with misinterpretation:

Table 7.1 Example of reported result outcomes

		Fetal RhD result

		Management



		RhD Positive 

		Offer routine RhD Ig prophylaxis at 28, 34 weeks and at birth



		RhD Negative 

		No RhD Ig required



		Not reported 
(Not tested) 

		Offer repeat test if < 26 weeks. 

If declined or >26 weeks offer routine RhD Ig prophylaxis (Repeat test may be considered up to 32 weeks gestation at the discretion of the treating clinician); or offer routine RhD Ig prophylaxis and treat as per RhD positive fetus



		Inconclusive result

		Offer routine RhD Ig prophylaxis and treat as per RhD positive fetus 





There must be clear processes and policies in place which determine the responsibility of report receipt by the intended recipient/s and secure transfer of results. This is especially important where the processing laboratory is separate from the referring pathology service (see 6.2.1). 

Laboratories should have an agreement with external laboratories which outlines tracking, reporting and receipt responsibilities, to minimise lost reports or those not received by the requesting clinical care provider. This is especially important to avoid the need to administer prophylactic RhD Ig unnecessarily, to recollect or the potential for a woman to become alloimmunised to anti-D if the results are not actioned. 

Where the requesting clinician is no longer involved in the care of the woman, the requestor should provide the results to the current clinical or treating care providers. It remains the responsibility of the person ordering the test to follow up the results and inform the woman of the RhD status of the fetus and clinical implications associated with the results. 

Where there is anticipated transfer or shared care arrangements at the time of request form completion, the details of the additional clinical care providers should be included as result recipients. 

It is recommended that the woman be included as a result recipient on the request form and that the results are uploaded to the My Health Record to minimise the risk of results being lost within complex care environments and promoting inclusion of the woman in the pregnancy care pathway. 

7.2 [bookmark: _Toc149130668]Result report outcomes 

7.2.1 [bookmark: _Toc141968951][bookmark: _Toc141970259][bookmark: _Toc141968952][bookmark: _Toc141970260][bookmark: _Toc141968953][bookmark: _Toc141970261][bookmark: _Toc145546119][bookmark: _Toc145546300][bookmark: _Toc149130669]RhD positive fetal blood group

Where a fetus is predicted to be RhD positive, the recommended care is to administer RhD Ig prophylaxis as per the NBA Guidelines for the Prophylactic use of Rh (D) immunoglobulin in pregnancy care.[footnoteRef:19]  [19: . 	National Blood Authority (2021) Guidelines for the Prophylactic use of Rh (D) immunoglobulin in pregnancy care https://www.blood.gov.au/anti-d-0] 


This should be clearly documented in the antenatal/healthcare record and arrangements made by the clinical care provider to ensure that the woman receives the intended treatment throughout the pregnancy and at the birth of their baby. 

7.2.2 [bookmark: _Toc149130670]RhD negative fetal blood group

Where the fetus is predicted to be RhD negative, RhD Ig therapy is not recommended. The woman should be notified, and this should be clearly documented in the antenatal/healthcare record. 

7.2.3 [bookmark: _Toc149130671]Inconclusive results 

There may be occasions where the results are reported as inconclusive where an accurate result cannot be obtained due to a weak D or partial D type, poor specimen quality or insufficient ccfDNA. In these instances, the result should be reported as “inconclusive” and provide information for the clinician on further management. The report should include clear guidance of whether the woman is recommended  to have routine RhD Ig prophylaxis and administration of RhD Ig for sensitising events. 

7.2.4 [bookmark: _Toc149130672]Results not reported 

Where the specimen does not meet the minimum requirements, the specimen should be rejected and registered as not reported. This is to prevent potential wrong blood in tube (WBIT) and the risk of a false result. It is recommended that the requesting clinician is notified as soon as possible to enable a reorder for RHD NIPT if time permits, and/or administration of RhD Ig prophylaxis therapy. 

Specimens sent to an external provider for processing should be thoroughly checked prior to transport to the processing laboratory to minimise the number of specimens transported unnecessarily and the delay in time to enable repeat testing if this is an option. 

7.3 [bookmark: _Toc149130673]Accessibility of results 

It is well understood that the pregnancy care environment is complex and frequently involves multiple clinical care providers with limited interface between clinical information systems and software. This creates difficulty in safe transfer of care and limits the safety for shared-care arrangement. 

The RHD NIPT test is indicated and interpreted in the context of several blood tests and the clinical history of the woman in pregnancy. Accessibility of the results is crucial in ensuring that the woman receives the intended care, and in reducing the risk of anti-D alloimmunisation and associated consequences. 

It is recommended that RHD NIPT results be provided to all women to minimise the risk of results being inaccessible or lost through transfer of care. This may be achieved through inclusion of the woman as a result recipient on the request form, uploading of results to the My Health Record and/ documentation of the results in a hand-held pregnancy care record. Accessibility of the results is important for subsequent pregnancies to assist with interpretation of antibody screening and understanding the level of risk for development of HDFN.  Each result must be carefully and clearly matched against each individual pregnancy.

Where there is transfer of care or a shared-care model throughout the pregnancy, the results should be provided to other clinical care providers throughout the antenatal period to ensure that all clinical staff providing antenatal care are aware of the RhD status of the fetus.  Instances where results are received after referral has already been made, require processes to ensure the provision, acknowledgment, and associated management of these results by other providers should be implemented.

7.3.1 [bookmark: _Toc145546126][bookmark: _Toc145546307][bookmark: _Toc149130674]Hand-held pregnancy care record

It is recommended that for services utilising hand-held antenatal records, that these are adapted for the purpose of recording RHD NIPT related information.

Including:

· information provision for RHD NIPT and the associated risk, benefits, and treatment options

· referral for RHD NIPT if eligible (date completed) or alternate testing if indicated (i.e. NIPA genotyping for women with clinically significant antibodies)

· result for fetal RhD group – the maternal and fetal RhD results should be clearly distinguished to prevent confusion of maternal and fetal RhD blood groups

· if the woman is eligible and declines RHD NIPT, this should be indicated along with the reason the test was declined

· administration of RhD Ig prophylaxis and indication – RhD negative mother and fetal RhD blood group positive, inconclusive, or unknown

· where the antenatal record may also be utilised to guide recommended antenatal screening, services should consider inclusion criteria for RHD NIPT and a request for a copy of results to be sent to the woman and uploaded in My Health Record.

7.4 [bookmark: _Toc149130675]Specimen turnaround time (TAT)

The specimen turnaround time (TAT) should be within 10 days; however this will vary depending on specimen transport time and the processing laboratory. 

Urgent specimen requests may be available sooner depending on the location of the referring laboratory and the number of specimens being processed. If a RhD negative women presents following a sensitising event prior to result availability, RhD Ig prophylaxis should be administered as per the NBA Guidelines for the Prophylactic use of Rh D immunoglobulin in pregnancy care.[footnoteRef:20]  [20: . 		National Blood Authority (2021) Guidelines for the Prophylactic use of Rh D immunoglobulin in pregnancy care https://www.blood.gov.au/anti-d-0] 


7.5 [bookmark: _Toc149130676]Results not received

If the RHD NIPT result is not received within the expected TAT, the requesting clinician should contact the RHD NIPT service provider to follow up the result. 

If the specimen has been lost or rejected, the woman should be contacted for a follow up:

· If the woman is < 26 weeks gestation, a repeat specimen collection may be offered.

· If > 26 weeks gestation, RHD NIPT should still be considered up to 32 weeks gestation with RhD Ig prophylaxis recommended at 28 weeks gestation and this must be clearly documented in the antenatal record.




8 [bookmark: _Toc149130677]Postnatal confirmation of RHD NIPT results using a cord blood specimen

A cord blood specimen should be collected following the birth of the baby from all RhD negative women (prior to administration of RhD Ig if required) to confirm the baby’s RhD group and the RHD NIPT results. 

Where the cord blood RhD group is discordant with the RHD NIPT testing, a capillary blood sample should be collected from the baby to confirm the baby’s RhD blood group. If a false negative result is confirmed the woman should have a repeat antibody screen and RhD Ig recommended. Discrepant results between RHD NIPT and cord blood results must be reported to the RHD NIPT provider and the local and or national haemovigilance system. 

False positive results must also be reported to provide both ongoing validation of the test accuracy and as a cause of unnecessary administration of RhD Ig. 

The woman should be made aware of the baby’s blood group following cord blood testing, even in the absence of discrepant results.






9 [bookmark: _Toc149130678]Education and training

9.1 [bookmark: _Toc141964798][bookmark: _Toc141964957][bookmark: _Toc141965101][bookmark: _Toc141965246][bookmark: _Toc141968966][bookmark: _Toc141970274][bookmark: _Toc141971379][bookmark: _Toc141972932][bookmark: _Toc141973034][bookmark: _Toc141973136][bookmark: _Toc141973238][bookmark: _Toc141973339][bookmark: _Toc141973439][bookmark: _Toc141973538][bookmark: _Toc141973636][bookmark: _Toc141975740][bookmark: _Toc145546134][bookmark: _Toc145546315][bookmark: _Toc149130679]General principles 

It is recommended that clinical care providers and laboratory staff be provided with adequate education and training prior to the introduction of RHD NIPT as part of the complete pregnancy care pathway. There must be processes in place to support safe transition from the current pathways of care, to prevent errors which may result in the development of anti-D antibodies and associated poor fetal outcomes. 

Education and training should become a standard inclusion for current pregnancy care education opportunities in the future, as RHD NIPT becomes the standard of care for all RhD negative pregnant women in Australia. 

9.2 [bookmark: _Toc149130680]Resources

There are several tools and resources available for clinicians, consumers, laboratory staff and pathology services to assist with the application of RHD NIPT in the pregnancy care (see resources list). 

Clinicians should have a clear understanding of the RhD blood group system, clinical implications of the blood group system during pregnancy and the clinical management pathways. 

Education should incorporate an ability to understand and interpret the reports of the RHD NIPT results for both the clinical care providers and the pathology staff. 

9.3 [bookmark: _Toc149130681]Education for consumers

It is recommended that consumers be provided with accessible and meaningful information to reduce the risk of adverse outcomes with the introduction of RHD NIPT in the pregnancy care setting, and to enable shared decision-making between the woman and the care provider/s. Resources for the consumer are available through the ANZSBT website.



10 [bookmark: _Toc149130682]Adverse events and haemovigilance reporting 

All adverse events associated with the RHD NIPT, RhD Ig prophylaxis (incorrect or omitted dose), reactions or discordant blood results should be reported to local, state and or the national haemovigilance or clinical incidence systems (Figure 1: Example Haemovigilance Reporting and Management for RHD NIPT and Incident Types). 

These should include specimen rejections (including reason e.g. incorrect patient identifiers), lost specimens, incorrect results, wrong blood in tube (WBIT) and incorrect collection time (outside of 12 to 32 weeks). 

Where a report is lost or misinterpreted this should also be reported and include the outcome for the woman and or baby. Delays in RhD Ig prophylaxis, failure to complete a consent, incorrect dose, and unnecessary administration of RhD Ig must be reported regardless of the resulting level of harm. 

Reporting of adverse events must be monitored to identify trends in areas that may require local practice change, education, or support to improve safety of the RHD NIPT and RhD Ig prophylaxis. This information is important in evaluating the successful implementation of RHD NIPT as part of the complete pregnancy care pathway and identify areas that may require further information and or support. 

[bookmark: _Toc134081211][bookmark: _Toc134081376][bookmark: _Toc134081394]





Figure 1: Example haemovigilance reporting and management for RHD NIPT and incident types
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11 [bookmark: _Toc149130683]Quality and safety

There must be clear local guidelines and processes to support safe care of pregnant women identified to be RhD negative in the context of RHD NIPT and targeted RhD Ig therapy. These guidelines must include education requirements, communication of changes to practice and access to resources to assist with transition from universal RhD Ig prophylaxis to targeted RhD Ig for pregnant women. These should also include provision of additional support during the transition phase, and consideration of a staged implementation to minimise adverse events. 

All organisations should have processes in place to monitor and evaluate the quality and safety of RHD NIPT and its application in the clinical setting. 

All adverse events must be reported, monitored, and managed as part of local haemovigilance and pharmacovigilance systems, which contributes to state and national haemovigilance monitoring. 

These should be incorporated within existing systems for haemovigilance monitoring and reporting and reviewed by the institutional Blood Management Committee or local equivalent. 

In the primary care setting, GPs and practice centres should consider implementing practice-based audit, utilising existing clinical data and extraction tools, including POLAR® and Pencs® software, to review and improve clinical care. Such data-driven quality improvement activities may occur at a practice level, or at a larger pooled level (such as local primary health networks [PHN]), depending on resource availability. 

These data-driven quality improvement activities may be further supported through local PHNs to enable targeted evaluation and practice improvement support that is consistent with the recommendations within this guidance document.

In future, subject to the availability of resourcing, oversight and expertise, use of national data assets such as, Primary Health Insights or the planned National Primary Health Care Data Asset may provide an avenue for systematic data-driven quality improvement activities at a larger scale.
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If you’re pregnant, you  
need to know about... 


RHD non-invasive  
prenatal testing 







Why is this blood test so important? 
If the mother’s blood group is RhD negative, and the baby  
is RhD positive, this can lead to a condition called haemolytic 
disease of the fetus and newborn (HDFN). 
HDFN is the development of antibodies which can cause 
damage to the baby’s red cells which can be very harmful  
for your babies in the future.


What happens if my baby is RhD positive?
HDFN can be prevented by giving RhD negative mothers RhD 
immunoglobulin (Ig) injections if the baby is RhD positive. 


There’s a lot to think about when  
you’re having a baby. The RHD NIPT is 
a simple blood test to determine your 
baby’s RhD blood group.


Scan the QR code to  
find out more or visit  
anzsbt.org.au/resources/
RHD_In_Pregnancy


Want more information?  
Ask your GP, obstetrician 
or midwife.
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If you’re pregnant, you  
need to know about... 


RHD non-invasive  
prenatal testing What is RhD Ig?


RhD Ig is made from plasma collected from human blood 
donors. If your baby is RhD positive, the RhD Ig injections 
during pregnancy prevent your immune system from 
producing anti-D antibodies against your baby’s RhD 
positive red cells.


Do all women need RhD Ig during pregnancy?
No, only RhD negative women who are pregnant with an 
RhD positive baby need RhD Ig.


When and how is RhD Ig administered?
An intramuscular injection in the arm is given to  
women at both 28 and 34 weeks gestation, and again  
at birth, if your baby is RhD positive or the RhD group  
of the baby is unknown.
You may need extra RhD Ig if there’s an increased risk 
of your baby’s red cells entering your circulation during 
pregnancy. This could be a result of abdominal trauma, 
miscarriage or bleeding, or procedures such as turning  
of the baby by a doctor or midwife or amniocentesis 
during pregnancy. 


Are there any adverse reactions or side  
effects to having RhD Ig?
In Australia, there have been no reported serious  
adverse reactions in either the mother or baby after  
having RhD immunoglobulin.
Mild side effects may include headache, dizziness,  
and pain/swelling at the injection site. However, as  
with all blood products, there’s a very small risk of  
an adverse reaction. 


How does RhD Ig work?


RhD immunoglobulin prevents 
the mother’s immune system 
forming antibodies against the 
baby’s red blood cells. 


This means that no RhD 
antibodies are made by the 
mother that could harm her baby 
now or in future pregnancies.


Scan the QR code to  
find out more or visit  
anzsbt.org.au/resources/
RHD_In_Pregnancy


Want more information?  
Ask your GP, obstetrician 
or midwife.







 


There’s a lot to think about when 
you’re having a baby. The RHD NIPT 
is a simple blood test to determine 
your baby’s RhD blood group.


What are blood groups and why is it important 
to know what they are in pregnancy?
The two main blood group systems which determine your 
blood group are the ABO system (AB, A, B, O) and Rh system 
(RhD positive or negative).
When we test your blood, we’ll identify your blood group  
as AB, A, B or O and we’ll also identify your blood group  
as RhD positive or negative.
Your baby’s ABO Rh blood group is inherited from both 
parents and may be different to your blood group.


Why does it matter if the blood  
groups are different?
If your baby is RhD positive and you’re RhD negative,  
your body may produce antibodies against your baby’s  
RhD positive red cells.
This can lead to a condition called haemolytic disease  
of the fetus and newborn (HDFN) which can be harmful  
for your baby now and any future babies.


Can HDFN be prevented?  
And what happens if my baby gets it?
HDFN can be prevented through two injections of  
RhD immunoglobulin (Ig) during pregnancy and another  
at the birth of the baby if the baby is RhD positive.
If HDFN isn’t treated, the baby can become anaemic, 
jaundiced, and in severe cases, this may result in brain 
damage or be fatal.


What is RHD non-invasive  
prenatal testing? 
It’s a blood test that your GP or midwife can 
order that’s recommended for all pregnant 
RhD negative women to determine your 
baby’s RhD blood group.
A sample of your blood is collected between 
12-26 weeks gestation which is then used to 
determine the RhD group of your baby. 


The RHD non-invasive prenatal testing  
(RHD NIPT) described in this leaflet is  
different to the non-invasive prenatal  
testing (NIPT) used to screen for  
genetic disorders.


In subsequent pregnancies,  
the antibodies the mother created 
can cross the placenta and damage 
and destroy the baby’s RhD positive 
red cells, causing HDFN.


HDFN in RhD negative women


Some of the baby’s RhD positive 
red cells will cross the placenta 
into the mother’s circulation.


This mother has 
 RhD negative red cells 


And her baby has 
 RhD positive red cells


The mother’s immune system 
detects foreign cells and can develop 
antibodies      to remove them.
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Not sure of your blood group  
or know that your blood  
group is RhD negative?


If the answer is ‘yes’ to both of these 
questions, ask your GP, obstetrician 
or midwife about a simple blood test 
that can help you protect your baby.


Are you pregnant?


Scan the QR code to  
find out more or visit  
anzsbt.org.au/resources/
RHD_In_Pregnancy
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Not sure of your blood group  
or know that your blood  
group is RhD negative?


If the answer is ‘yes’ to both of these 
questions, ask your GP, obstetrician 
or midwife about a simple blood test 
that can help you protect your baby.


Are you pregnant?


Scan the QR code to  
find out more or visit  
anzsbt.org.au/resources/ 
RHD_In_Pregnancy
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QUPP RHD NIPT 

RHD non‑invasive prenatal testing (NIPT) 

for 
fetal RhD blood group prediction in pregnancy















ABO & RhD Blood Group System and Pregnancy 

Major blood groups 

ABO and Rh

Rh blood system 

antigens D, c, C, e, E

partly determined by ethnicity

RhD negative or positive 

Inherited from the mother and father















Hundreds of blood groups and variants within these groups

ABO and Rh are the most commonly referred to groups, as these are the most important in relation to immunogenicity and ability to mount a significant immune response and development of antibodies in transfusion of fresh blood components and during pregnancy.  This is why this is the Rh system is clinically significant in pregnancy as a baby’s blood group is determined by both parents and can therefore be different to the mother.  
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Blood group and antibody screen

Generally completed during the first antenatal trimester

Determine the mother’s ABO and RhD blood group

Identify existing antibodies which may be of clinical significance (D, e, E, C, c, K, Fy)

transfusion exposure or previous pregnancies 

Repeated at 28 weeks for RhD negative mothers
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Anti-D antibodies



Only RhD negative women can develop anti-D antibodies 

RhD positive women do not make anti-D antibodies 

RhD positive fetuses in a mother with anti-D antibodies are therefore at risk of HDFN

Anti-D antibodies generally, do not cause harm during the pregnancy  in which they are developed

Anti-D antibodies were the most common antibodies identified in severe HDFN prior to RhD Ig prophylaxis









Hundreds of blood groups and variants within these groups

ABO and RH are the most commonly referred to groups, as these are the most important in relation to immunogenicity and ability to mount a significant immune response and development of antibodies in transfusion of fresh blood components and during pregnancy.  

RhD is the most common antigen within the Rh system that results in HDFN.  RhD negative women can develop antibodies to RhD (anti-D antibodies) if they are pregnant with a RhD positive baby as some of the baby’s blood can cross the placenta and mount an immune response.  It usually does not impact the current pregnancy, but may affect future pregnancies with a RhD positive baby.  The antibodies can cross the placenta and damage the baby red cells
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 Haemolytic disease of the fetus and newborn (HDFN) 







RhD negative mother & RhD positive fetus

Anti-D IgG antibodies can cross back over the placenta and destroy the fetal red cells

RhD negative mother develops antibodies 

(anti-D)

RhD positive fetal red cells cross the placenta into the mother’s circulation













Cause – usually anti-D antibodies due to RhD negative mother, RhD positive fetus

RhD positive red cells cross the placenta and lead to the mother’s immune system developing anti-D antibodies.  These can then cross the placenta in subsequent pregnancies and destroy the fetal red cells.  Causing severe anaemia, jaundice, brain damage and potentially death

Prevalence – Caucasian 15% RhD negative – 60% of these will be carrying a RhD positive fetus

Prevention – RhD Ig prophylaxis for all RhD negative women (discussed in next slide)

Management – Intrauterine transfusion / exchange early delivery/ specialist monitoring 
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 RhD Immunoglobulin (Ig) 

RhD negative mother & RhD positive fetus 

RhD Ig injection given to prevent anti-D antibodies from developing in the mother

Prevents the mother developing anti-D antibodies & limits development of HDFN













Derived from blood plasma and therefore requires a written consent prior to administration

Important for subsequent pregnancies 
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RhD Immunoglobulin (Ig) 

Derived from human plasma

Male donors are injected with small volume of RhD positive blood and those that develop anti-D antibodies then donate their plasma

Plasma is then sent for processing and manufacture of RhD Ig 

Cost (funded by Australian healthcare system) 















A small donors pool and this leads to difficulty in sustaining supply

Cost relates only to the product (not related to staff to administer) 

Large doses (above 1500IU) given IV
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Currently all RhD negative women receive prophylaxis RhD Ig 

Assumes that the baby is RhD positive until birth and a cord blood test confirms otherwise

Currently RhD Ig given to all RhD negative women at:

28 weeks & 32 weeks

following sensitising events

and following cord blood test that confirms the baby is RhD positive

40% of RhD negative women will have an RhD negative baby







40% - meaning 40% of these women do not actually require RhD Ig
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Pregnancy care with the introduction of RHD NIPT
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Maternal blood sample collected 

(12-26 weeks gestation)

Sample contains fetal and maternal DNA 

Specimen sent for processing 

Fetal DNA fraction is used to determine the fetal RhD blood group



RHD NIPT 





Simple maternal blood test

Between 12-26 weeks (up to 32 weeks) 

Cannot be before 12 weeks

Before 26 weeks ideally to allow for RhD Ig at 28 weeks

Maternal sample contains fragments of cffDNA and this is extracted and analysed to determine the RhD fetal blood group

Multiparous woman also included 
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Consent – RHD NIPT

Informed consent

Information provision

Risks and benefits 

% accuracy

 











Informed consent – language considerations and use of interpreters or translation of resources to enable informed consent

No written consent required – attendance to have test complete assumes consent 

No genetic screening

Risks of false positive, false negative, inconclusive and the need to have prophylaxis RhD Ig 
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RhD Immunoglobulin (Ig) use guided by RHD NIPT 

RhD negative mother

RhD positive fetus 

inconclusive fetal results

following sensitising events 

following cord blood sample confirming RhD positive baby
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Specimen collection for RHD NIPT 

Request form

Specimen tube

Streck or EDTA

volume, storage and order of draw

Minimum requirements for testing 

labelling

identical patient details 

EDD

Patient identifiers (patient identification)

WBIT













Form

Must contain EDD that indicates 12-26 weeks (up to 32 weeks) 

Collector details – important if specimen does not meet requirements for tesing 

Date and time of collection 

Minimum 3 patient identifiers (name, DOB, address or MRN)

Tube

Seek provider specific (volume, number and type of tube, order of draw)

Minimum 2 identifiers check against form and patient details  

Do not open 

Min Requirements

Where there is any issues/errors, the sample will be rejected. This is because any requirements not met provide an opportunity for an incorrect result. 

EDD – Estimated due date – most correspond with 12-26 weeks gestation at time of collection 

Patient identification

WBIT – checking that the details on the patients ID band (or verbal confirmation) against form and tube. 
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Results RHD NIPT 

		Result fetal RhD prediction		Rationale 		Management 

		RhD negative				No RhD Ig prophylaxis is required

		RhD positive 				RhD Ig prophylaxis is recommended for 28 & 34 weeks, following a sensitising events, and again at birth following a cord blood test confirming a RhD positive baby. 

		Inconclusive 		For a small number of women (<5%) the result will be reported as inconclusive where there is insufficient fetal DNA or the mother may have a partial D blood group.		The woman should receive RhD Ig at 28 & 34 weeks, following sensitizing events and then again at the birth of the baby if a cord blood test confirms a RhD positive baby.

		Not reported 		Did not meet minimum acceptance requirements (haemolysed, insufficient volume, mismatched details or EDD <12 weeks)		Consider offering a retest if the woman is < 26 weeks (may be offered up to 32 weeks) 
The woman should receive RhD Ig at 28 & 34 weeks, following sensitizing events and then again at the birth of the baby if a cord blood test confirms a RhD positive baby.







Weak or Partial D 

May or may not be capable of producing antibodies

Consult with pathology provider or haematologist, if a maternal weak or partial D is identified

Maternal weak D

Type 1,2,3 treat as RhD Positive 

Other types of weak RhD offer RHD NIPT

Partial

Treat as RhD negative and offer RHD NIPT
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Clinically Significant Antibodies or History HDFN

Clinically significant Abs 

D, C, c, E, e, K, Fy

Refer for ARCLB service for NIPA 

All clinically significant antibodies and/or history of HDFN refer to a specialist fetal maternal unit 

No anti-D antibodies

refer RHD NIPT and/or RhD Ig prophylaxis















All women with clinically significant antibodies or history of HDFN should be referred to a specialist fetal maternal unit, regardless of titre.

Women with antibodies other than D are capable of developing anti-D antibodies and should have RHD NIPT / RhD Ig prophylaxis
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Q&A

What do I do if the specimen cannot be tested or the report is not available? 

If <26 weeks consider a retest or offer RhD Ig prophylaxis 

If >26 weeks – contact the woman and explain that the result is not available.  Offer RhD Ig prophylaxis at 28 and 34 weeks and again at birth if the cord blood sample determines the baby to be RhD positive. 
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Q&A

What happens if a woman is given a false positive result? 

The test is very accurate with less than 2 in 100 women reported as a false positive (these women will be given RhD Ig which is the same as the current practice without RHD NIPT availability). The false result is identified following cord blood testing.

What happens if a women is given a false negative result? (RhD positive fetus predicted as RhD negative)

Less than 1 in 1000 women will receive a false negative result (RhD positive fetus predicted to be RhD negative).  A cord blood is collected at birth where this discrepancy will be identified and RhD Ig recommended to reduce the risk of HDFN for future pregnancies to 1%













Q&A

What do I do if a women presents following a sensitising event and the result is not yet available? 

Contact the provider and ask whether the specimen has been tested and whether a result is likely to be available within the required time or already available but report not yet finalised.  

If not yet available or unlikely to be available within the required timeframe – offer RhD Ig as per fetal-maternal haemorrhage (FMH) procedure/policy/guideline



What do I do if a RhD negative woman presents following a sensitising event at 20-24 weeks and has not yet had the RHD NIPT test completed?  

Contact the provider and ask if the test might be able to be processed urgently.  If possible and likely to be available within 72 hours, consider rebooking the women for +/- RhD Ig pending the RHD NIPT result.  

Determine FMH volume by Kleihauer or flow cytometry



What do I do if the women presents following a sensitising event between 12-20 weeks? 

Manage as per FMH policy 

 











Q&A

Can the test be added to the NIPT test for genetic screening? 

No – the RHD NIPT test is a separate test that only tests for the RhD fetal status.  Neither test is interchangeable.  



How much does the test cost?

The test is funded by Medicare and the government.  













Questions? 
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Audit%20Tool_Hospital_HealthService.xlsx
Hospital or Health Facility

		Q1		Was the woman provided with written information for the RHD NIPT? 		Yes		No 		Unsure (not documented)

		Q2		Did the woman decline the test? 		Yes 		No (go to Q 6)

		Q3		If declined, what was the reason? 		Preferred to receive RhD prophylaxis 		Paternity known to be RhD -ve		No plan for future pregnancies		Unknown (Not documented)		Other (please provide information)

		Q4		If declined, did the woman receive RhD Ig prophylaxis?		Yes		No - declined 		No - not requested by clinician (no further response required)		Comment

		Q5		Was there information documented on the reason for declining the test and or RhD Ig prophylaxis in the management plan?		Yes		No 		N/A

		Q6		Was the RHD NIPT completed between 12-26 weeks' gestation? 		Yes		No (please provide reason if available ie. Late presentation)		Comment 

		Q7 		Was the RHD NIPT result documented in the antenatal record?		Yes		No 		Comment 

		Q8 		Was the result easy to locate in the antenatal record?		Likehart scale Very Easy…......Very difficult

		Q9		Did the women receive the recommended dose of RhD Ig at 28 weeks		Yes		No 		N/A - fetus RhD -ve
N/A - anti-D antibodies identified
N/A - declined 

		Q10 		Did the women receive the recommended dose of RhD Ig at 34 weeks		Yes		No 		N/A - fetus RhD -ve
N/A - anti-D antibodies identified
N/A - declined 

		Q11		Did the women attend for a sensitsing event? 		Yes		No - go to Q13		N/A  (fetus RhD -ve) 

		Q12		If yes, was RhD Ig administered? 		Yes		No		N/A  (fetus RhD -ve) 

		Q13		Were there any documented adverse events associated with the antenatal care relating to RhD blood type, RHD NIPT and associated management? 		If yes, please provide details 		No 







Instruction 

		Instruction 

		Hospital Based Audit 		Audit a minimum of 20 antenatal records for women with an RhD negative Blood Group

				Exclusions - RhD positive women, women with a known clinically significant antibodies, women with a known weak D (type 1, 2, 3) women with a history of HDFN or IUT, women presenting after 32 weeks gestation (if your facility does allow RHD NIPT testing beyond 26 weeks, consider excluding women who present beyond 26 weeks gestation)
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Survey%20Tool_Clinician_Consumer.xlsx
Clinician_Midwife_Doctor 

		Clinical Survey Tool 

				Q1		Did you receive education for RHD NIPT? 		Yes 		No 

		Education 		Q2		Was the education provided by your employer?		Yes		No 		N/A

				Q3		Was the education useful		Yes 		No 		Unsure 

				Q4		How long was the education session 		<30 mins		30-60 mins		>60 mins 

				Q5		What type of education was provided		Online 		Face-to-face		Questionnaire		external education provider 

				Q6		Did you feel confident in explaining the RHD NIPT test to RhD negative women?		Not at all		…................		Very confident 

		Resources 		Q7		Were there sufficient resources available with the introduction of RHD NIPT test? 		Yes 		No 		other 

				Q8		Were resources useful (rate 1-10 with 1 being not at all and 10 being extremely useful)		Not at all		….................		Extremely useful 

				Q9		Were resources easily located?		Yes		No 		Unsure 		Other 

		Process 		Q10		Was it difficult to determine what the recommended care pathway was for the women you cared for?  		Yes 		No 		Comment 

				Q11		How long did the RHD NIPT test take to complete (specimen and clerical/administrative)?		<5 mins		5-10mins		10-15 mins		>15 mins 		N/A		Comment 

				Q12		Were the results of RHD NIPT easy to locate? 		Yes		No 		Comment 

				Q13		Were the results easy to interpret and were you able to understand the recommended care options? 		Yes 		No 		Comment 





PregnantWomenRhD-ve 

						The following survey has been developed as a quality improvement tool to understand the needs of the consumer and opportunity to improve the experience of the consumer in relation to RHD NIPT.  
Inclusions: Women who are RhD negative with no clinically significant antibodies, who were eligible for RHD NIPT as part of their pregnancy care pathway.  

				Q1		Were you provided with written information on the RhD blood type and RHD NIPT testing?		Yes 		No 		N/A 

				Q2		If you received written information, how easy was the information to understand?		Likehart 
1-5 very difficult - very easy to understand 

				Q3		Do you understand the reason why the RhD blood type of your baby is important? 

				Q4		Do you feel that you were given adequate information on RHD NIPT and your treatment options? 		Yes		No 		Unsure 		Comment 

				Q5		Did you feel that you were involved in the decision-making of your treatment plan?  		Yes		No 		Unsure 		Comment 

				Q6		If you declined the RHD NIPT, what was the reason for declining the test?  		N/A		The baby's biological father is RhD negative 		No plans for future pregnancies 		Prefer not to say 		Other (please comment) 

				Q7		Did you have to attend a separate appointment to have the RHD NIPT blood test collected or was the test completed at the same time as a regular appointment?		Yes		No 		Unsure 		N/A

				Q8 		Were you provided with a written copy of the result of the baby's RHD NIPT Result (this includes if the results were entered on your hand-held antenatal record or were accessible through your My Health Record)		Yes		No 		N/A

				Q9		Further comment option (free text)
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FMEA_FV.xlsx
1. Summary Page

												FMEA Template

		Parent document: Failure Mode and Effects Analysis (FMEA) 																												FMEA type dropdown		Yes/No dropdown		

- N/A

		Purpose of FMEA*						To capture all issues, risks and related mitigation strategies for the RHD NIPT Project 																						Process		Yes

		Type of FMEA*						Process		If 'Other' - specify:																				IVD		No

		Scope of FMEA*
(including start and end points)						RHD NIPT and Associated Pregnancy Care Pathways and Processes																						Other

		FMEA contributors*
(including roles)						David Roxby (Project Manager) 
Kristen Brown (Project Officer)



		Attachments / evidence						N/A



		Recommended Actions Summary (can be used to populate any associated Change Control record)

		Process Step / Risk ID						Recommended Actions		Assigned to		Due Date

		4						Remain Flagged as External Support Required 

		6						Remain Flagged as External Support Required 

		19						Remain Flagged as External Support Required 







		FMEA Electronic Approval 

		Author				Kristen Brown and David Roxby 

		Approver(s)				Philip Crispin 

		Final Approver				Steering Committee 

		Approval Date				13/07/2023
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2. Process Map

		Date process mapped*		13-14 June 2023

		Participants*		David Roxby, Kristen Brown 

		Scope*		RHD NIPT test and Associated Pregnancy Care 



		Process Map 

		Inputs*
(Environment, equipment, human, measurements, method, materials)				 Process step*
(Basic description)				Outputs / output characteristics / key requirements
(What are the outcomes, key requirements or output characteristics for this step?)

		Human 				1		Women presents for antenatal appointment to confirm pregnancy		Usually GP before 12 weeks gestation

		Human and or Software 				2		Antenatal bloods request form completed which include group and screen		Must be correct form and contain requestor details 

		Human and or Software 				3		Attends for test 		Private or public pathology 


		Software - electronically 
May be manual (fax, email etc) 				4		Test reported 		May be directly resulted back to the requestor if software installed 

		Human and Method 				5		Woman identified as RhD negative woman 		Includes only women who are RhD negative, no antibodies and not a weak D or variant D

		Human				6		Woman follows up clinical care provider 		This may be the initial care provider or another 


		Human and Materials 				7		Information provision RHD NIPT Testing 		RHD negative women with no antibodies provided information on available options and risks/benefits of each 
May or may not choose recommended care - may decline RHD NIPT

		Human and or Software 				8		Request Form RHD NIPT		Must be collected between 12-24 weeks 
Must be on form approved by RHD NIPT Test provider
Weak or variant D may require referral for RHD NIPA through the Red cell reference Lab 

		Human 				9		Women attends collection point for sample collection and Sample collected according to sample requirements 		Must be a location that provides collection for RHD NIPT 
May have days for collection to enable transport to processing centre etc.  
Will need to have knowledge of RHD NIPT test requirements
Form, Tube, Patient identification and labelling requirements 
EDD >12 weeks, correct tube - dedicated to test 
Must be in correct order of draw

		Human 				10		Sample sent to specimen reception 		May require transport to lab
Must be in accordance with provider needs and NPAAC

		Human and Software				11		Registered in LIS using RHD NIPT test code 		Requires test code to be entered into the system which is unique to to the RHD NIPT 

		Human and Transportation methods 				12		Sent to processing centre		This may or may not be the first laboratory the sample arrives at.  It may need to be transferred from another (referring Lab).  

		Human and software 				13		Registered in LIS using RHD NIPT test code 		Requires Test code for RHD NIPT to be available in the LIS

		Human 				14		Checked to ensure meets all requirements for processing 		Request form, specimen must match identically and contain unique patient identifiers.  Sample must be received within the required time frame from collection as determined by the test provider. Tube not opened   

		Method 				15		DNA extracted 		The fetal DNA must be extracted and this requires a single unopened tube to be sent to preserve DNA stability.  The tube must be the preferred tube for the processing site.

		Analyser Equipment and Kits 				16		Sample Analysis		The sample is run through the analyser and result generated.  The result is then reviewed by a second scientist prior to report completion

		Analyser and Software 				17		Result Report and distribution 		Result reported as one of 4 options
Not reported - no result can be provided as requirements not met
Inconclusive - a number of samples will not provide a result which is confident.  This may be due to a D variant or EDD < 12 weeks
RhD Negative - fetus is predicted to be RhD negative 
RhD Positive - Fetus is predicted to be RhD positive

		Human 				18		Follow up management based on result;
Determine whether RhD Ig prophylaxis is required.  
All women will require a repeat Ab screen at 28 weeks regardless. 		RhD negative - no RhD Ig required
RhD positive, inconclusive or not reported - RhD Ig recommended.  
For sendaways copies of the report must be sent to the referring laboratory and requesting clinician.
Where care has been transferred from the requesting clinician, a copy of the RHD NIPT report should be provided to referred clinical care provider

		Human and Method for collection of sample 				19		Testing of Cord Blood Sample collected to validate RHD NIPT test result 		Correct collection process followed, including the correct labelling to confirm identity of the cord blood samples
Correct ABO/RhD testing of the cord blood sample
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3a. Process FMEA



		Process FMEA																														Risk Mitigation Plan*								Residual Risk Evaluation*

		Inputs*
(from 2. Process Map)		Step ID*
(from 2. Process Map)		Process step*
(from 2. Process Map)		Outputs / output characteristics / key requirements
(from 2. Process Map)		GxP impact?*
(Impact to patient safety, 
donor safety and/or
product quality?)		Potential failure mode *
(What went wrong or could go wrong? 
Note: This is not the root cause)		Potential failure effects*
(Consequences of the failure mode)		Severity (S)*
(see Appendix - Risk Definitions)
8-10 = mandatory action required		Potential root causes*
(Why did it or could it happen? 
Use root cause analysis tools e.g. 5 Whys, Fishbone.
Note: There could be multiple root causes for a single failure mode)		Occurrence (O)*
(see Appendix - Risk Definitions)
1-2 = evidence required		Current process controls (Prevention)
(What controls exist today to prevent this from happening?
e.g. documents, preventative maintenance, system controls)		Current process controls (Detection)
(How do we/could we identify the failure before it happens?)		Detection (D)*
(see Appendix - Risk Definitions)		Risk Priority Number (RPN)*
(S × O × D)		Risk acceptable?*		Recommended action(s)*
(If actions are recorded elsewhere, provide a reference here)		Assigned to		Due Date		Action taken		Severity (S) AFTER action*		Occurrence (O)
AFTER action*		Detection (D)
AFTER action*		Final RPN*
(S x O x D)		Risk after action acceptable?*		Further actions/Mitigation 
(mandatory if Risk after action acceptable? = No)

		Human 		1		Women presents for antenatal appointment to confirm pregnancy		Usually GP before 12 weeks gestation		Yes		Women presents late, women does not present for antenatal care, sensitising event or miscarriage.
Women does present and has clinically significant antibodies 		Bloods not attended and blood group and antibody screen unknown 
Woman may develop anti-D antibodies if late presentation in pregnancy 
May limit ability to complete the RHD NIPT testing if the blood group and antibody screen has not been completed
HDFN 
Will not have the full benefit of the RHD NIPT and directed RhD Ig therapy 		6		Concealed pregnancy 
Financially unable to attend medical appointments
Busy centre and delay in appointment availability
Assumed miscarriage
Social issues preventing attendance
Refugee or CALD background and unsure how to access pregnancy care 
Cultural - some cultures do not seek formal antenatal care and care is provided by women within their community		3		Services to assist with social and economic hardship
Liaison and organisations to assist CALD/Refugee and socioeconomic hardship.  
GPs that bulk-bill
Education promoting importance of routine early antenatal care 
Support services ensuring women with vulnerabilities such as drug dependence attend antenatal care appointments 
Promote awareness of the importance of recommended pregnancy care and early antenatal care (1st trimester).  		
Support services ensuring women with vulnerabilities such as drug dependence attend antenatal care appointments 

Early engagement with women with vulnerabilities and early support to access antenatal care 		3		54		Yes		Ensure pathways incorporate management options for an RhD  woman presenting late with no blood group and antibody screen, RhD Ig should be recommened and if antibodies detected referral for monitoring of anti-d antibodies 
Work with organisations able to assist with identifying, and developing meaningful resources for at risk groups.  This includes Aboriginal  women, refugees and women with a NESB.    		SC		11/1/23		Engagement with CALD and Aboriginal and TSI health services to ensure meaningful resources available

Incorporating late blood group and antibody screen into the RHD NIPT flow pathways and resources to support clinicians in optimising management		6		3		3		54		Yes

		Human and or Software 		2		Antenatal bloods request form completed which include group and screen		Must be correct form and contain requestor details 		Yes		Incorrect blood test requested, missing requestor details, incorrect patient details entered 
Patient not given request which include a blood group and antibody screen
May be a form that is not accepted by the pathology service 
Form may be lost 		Blood test unable to be completed.  May require woman to reattend for another form and test.  
Test may be missed until a later gestation and may delay RHD NIPT request if required
Woman may decline further follow up for blood group and antibody screen 		3		Unfamiliar form, Requestor busy and did not complete form correctly. 
Patient details may be incorrectly entered into the requesting clinical care provider system if automated
Some pathology services may not accept certain requests i.e. midwife request		2		Already processes in place including test guides and SOPs training etc
Many care pathways include the blood tests required including a blood group and antibody screen
Pathology requests frequently printed from many eMR systems to reduce potential of patient detail transcribing errors.
Some services may offer pathology onsite to reduce the need to attend multiple locations and appointments		As per previous 
Women usually attend 2 early antenatal appointments prior to 20 weeks gestation where this would be likely flagged
		2		12		Yes		Promoting the blood group and antibody screen as an important precursor step to the RHD NIPT Pregnancy care process in the flow pathways for RHD NIPT 		SC		11/1/23		Interactive flow pathway includes blood test for blood group and antibody screen and management variation following the results which includes weak D, variant D and antibodies 		3		2		2		12		Yes

		Human and or Software 		3		Attends for test 		Private or public pathology 
		Yes		Woman may not follow up, test may be completed incorrectly, women may present late 
Insufficient sample or sample haemolysed, incorrect tube  
May be incorrect sample/details		Incorrect result, antibody and blood group may remain unknown and prevent potential for RHD NIPT test if indicated 
Woman may become sensitised if does not follow up prior to 28 weeks and is RhD neg with RhD positive fetus.  
Woman may need to attend for another blood test increasing cost and nuance to the woman.
 Rejection of sample or results cannot be provided		4		Incorrect patient details on form or sample 
Woman may not have capacity to follow up, financial, health issues, unable to attend for test. 
Patient identification not checked correctly 
Testing centre may be busy and protocol for identity check may be missed
 		2		Clinical provider may identify and follow up with woman if considered at risk or no result for test requested   
Referral to support services to assist with antenatal attendance
patient identification checking processes
Collection by dedicated phlebotomist with training 
Training for clinicians provided who may be collecting samples 
		Double checking patient details 
Double checking patient details in system which may automate request forms 
Some medical ordering form systems will generate a report flagging tests ordered and not attended (outstanding action list)		2		16		Yes		If a woman fails to follow up and presents RhD negative RhD Ig should be recommended.  If antibodies are identified referral as required and anti-D titres to monitor.  These processes to be incorporated into clinical guidance, flow pathways and education resources developed 
Current standard of care pathway		SC		11/1/23		The follow up management for later than usual blood group and antibody screen incorporated into flow pathways and includes management where the RHD test cannot be completed.   		4		2		2		16		Yes

		Software - electronically 
May be manual (fax, email etc) 		4		Test reported 		May be directly resulted back to the requestor if software installed 		Yes		Test result may not be sent, lost or requestor details may not be included for reporting purposes
Requestor may have transferred care and new care provider does not receive report - antenatal serology may not be transferred to new care provider when available or if care transferred before results
May be reported incorrectly 
Requestor may not have secure send option and result may be lost 
		Unable to determine whether the woman is RhD negative if no historical blood group, or if antibodies present.  
Will require a repeat test if unable to locate report.  
May need to follow up report resulting in increased time on clinical load 
RhD Ig may be required if report is not located and RHD NIPT testing is no longer an option due to time
		3		Lack of interface between laboratory and clinical software and reporting/documentation 
Pregnant woman are frequently transferred to antenatal care providers from the initial care provider and may not have shared care model 
		5		Request for another test to be completed
Hand-held records - the woman may have a copy from a previous pregnancy 
Historical blood group may be documented 
Software installed in clinical care systems that provide reports directly 		Ensuring follow up with clinical care provider to flag chase up of the report
secure send reducing lost  reports 
		2		30		Yes		Include instructions and guidance for clinicians if no results available, reorder and if results delayed  beyond 24 weeks for RhD negative recommend RhD Ig and monitor for antibodies providing context of the need to complete blood group and antibody screen early in pregnancy.
Include the initial blood test as a step in the RHD NIPT process 		SC		11/1/23				3		5		2		30		No		Identified that the current mitigation strategies are insufficient to reduce a common problem that increases cost and time and duplication of tests.  Consider recommending the inclusion of results in the My Health Record to improve accessibility

		Human and Method 		5		Woman identified as RhD negative woman 		Includes only women who are RhD negative, no antibodies and not a weak D or variant D		Yes		Report could be misinterpreted, anti-D antibodies may be missed, may be later than 24 weeks.
May be a weak D or variant D 
May have antibodies that are not anti-D antibodies 		May misinterpret the results and may miss clinically significant antibodies and potential for HDFN or delay in order for RHD NIPT/RHD NIPT for women with antibodies 
RHD NIPT may not be suitable or result in a not reported or inconclusive result 
May result in confusion for further management 
May mis RhD Ig		6		Lack of understanding of the RhD blood group system and HDFN 
Busy clinician not reading report correctly or understanding indications for further testing for RHD NIPT or NIPA 
Lack of understanding/misinterpretation 		1		Resources to guide clinicians with test inclusion requirements 
RhD Ig for women where RhD fetal status not completed or monitoring of antibody levels if antibodies present.  
Promote indication for RHD NIPT and NIPA and  decision making tools to assist with correct test being ordered.

Pathology support through reporting meaningful results with interpretation to assist clinician understanding		
Consumer engagement and education may identify incorrect management pathway
Results are not available in time and the women may ask what her results are?  
Repeat Ab levels recommended for 26-28 weeks 
Software that flags outstanding test requests.		2		12		Yes		Ensure adequate education and resources available which describe the indications for RHD testing  and referral for weak D, variants and antibodies 
Target consumers, clinical care providers and laboratory staff for education and resources to guide decisions 		SC		11/1/23		Consider inclusion of education that may raise awareness of weak D and Variants frequency based on ethnicity 
Linking of alternate pathways for antibodies and variant/weak D if indicated (Red Cross Lifeblood information sheets and request forms for red cell genotyping and anti-D) 		6		1		2		12		Yes

		Human		6		Woman follows up clinical care provider 		This may be the initial care provider or another 
		Yes		Women may not follow up, women may have transferred care to another clinical care provider and report may not be available, requestor may not be able to locate report results 
Sensitising event resulting in development of antibodies 

		Clinical care provider may need to chase up report and if lost reorder
increased time spent locating report or the need to reorder delaying RHD NIPT opportunity 
Women may have anti-D antibodies and require referral 
May not receive the necessary care to prevent HDFN		6		Financial or socioeconomic constraints for the woman
Common that there are multiple care providers with limited interface with reporting and reduced access to results		3		Shared care and continuity of care models, potential direct report send if completed by certain pathology service, services to support vulnerable groups 
		Refer vulnerable women early if at risk for failure to follow up
Hand held records containing contact of care providers and tests completed/results 
		2		36		Yes		Seek current access of reports available through my refugee services etc to determine best opportunity to identify opportunities to increase follow up 		SC		11/1/23				6		3		2		36		No		Identified that the current mitigation strategies are insufficient to reduce a common problem that increases cost and time and duplication of tests.  Consider recommending the inclusion of results in the My Health Record to improve accessibility

		Human and Materials 		7		Information provision RHD NIPT Testing 		RHD negative women with no antibodies provided information on available options and risks/benefits of each 
May or may not choose recommended care - may decline RHD NIPT		Yes		Women may be given incorrect information, women may not understand the information, may be in language not spoken, clinical care provider may not be familiar with the RHD NIPT test, care provider may be unaware of resources available or how to access the information		Information not provided or incorrect information provided 
Women may decline RHD NIPT test if they associate with other NIPT testing and have strong religious or personal beliefs against NIPT test for genetic anomalies/cost concerns etc.
Woman may not have adequate information to make decision or be involved in the decision-making process

Women may not understand the indication and intention of the test  or concern of cost associated 		4		Care provider unaware of available resources, unable to locate the information or  disagrees with informed decision making principles
NESB - inability to access translated resources 
Information maybe disregarded if there is limited consideration of cultural sensitivities in information development  
Resources may be too complex or too much and may be information overload for the woman		2		Early consultation with consumer groups and representatives of CALD services
Availability and ease of understanding - user friendly/lay language.
		Ensure engagement with key stakeholders early to seek feedback on resources and how best to promote the information resources
Ensure significant feedback in resource development stages to enable meaningful and quality resources are developed
Review of resources for cultural sensitivity and plain language 
Clinicians allowing adequate time to proc=vide information and assess whether the information has been clearly understood		1		8		Yes		Need to further circulate resources for consumers - Redcross, CALD support services, Aboriginal and Torres Strait Islander Services and Refugee services 
Red Cross Lifeblood reviewing resources for plain language 
PO PM to consider potential for CALD training to improve information and education for CALD consumers 		SC		11/1/23		Require further ongoing review to optimise meaningful and easily accessible materials		4		2		1		8		Yes		Consideration of translation of resources in languages frequently required.

		Human and or Software 		8		Request Form RHD NIPT		Must be collected between 12-24 weeks 
Must be on form approved by RHD NIPT Test provider
Weak or variant D may require referral for RHD NIPA through the Red cell reference Lab 		Yes		May be later than the 24 week period, The incorrect form may be utilised.  
Women may decline due to lack of information regarding the purpose or intent of the test (i.e. genetic NIPT association)   		Women may be referred for the incorrect test or not be provided a request for  RHD NIPT.  This may lead to increased use of RhD Ig or additional costs for women referred incorrectly. 
Incorrect form may require the pathology service to contact the requestor or the test may be cancelled

Delays in testing may mean that women will be recommended RHD NIPT to reduce dose at 34 weeks if indicated but will reduce the cost effectiveness and reduced exposure to unnecessary blood products.   
Increased cost and reduced effectiveness of the RHD NIPT test on the reduction of RhD Ig utilisation		3		Lack of understanding of the RhD blood system.  
Introduction of the RHD NIPT creating significant change of practice. 
If multiple providers there may be confusion around the correct form 
Women associating RHD NIPT with NIPT for genetic anomalies or fear of a cost association.
Previous issues with blood group and antibody screening tests or late attendance may delay beyond 24 weeks 
Inability to access information in language spoken 		2		Ensure adequate education, information and consultation
Consultation with clinical care providers to enable quality of resources feedback 
Posters to flag the availability of RHD NIPT to consumers and request the test if not offered.
Development of clinical guidance documents to support consumer information and informed consent 
Development of a consumer interactive flow pathway tool so that consumers are provided an opportunity to seek information on the test, eligibility and determine best care Interactive flow pathway to direct clinical care providers to the correct test and form 

		Ensuring consistency between consumers, clinicians and laboratory staff with resources adapted for all audiences
Laboratory staff contact clinical care providers or are available to contact if there is confusion over the correct test to be ordered. 		1		6		Yes		Ensure that there is consistency in information and adequate resources and education with the introduction of the RHD NIPT test and ongoing support beyond implementation.  Ensure that there is ability to adapt resources and include examples and requirements of specific test providers 		SC		11/1/23				3		2		1		6		Yes		Recommend standard request form or inclusion of additional content that is standardised - ensuring SOPs and resources reflect the need of completing essential information required

		Human 		9		Women attends collection point for sample collection and Sample collected according to sample requirements 		Must be a location that provides collection for RHD NIPT 
May have days for collection to enable transport to processing centre etc.  
Will need to have knowledge of RHD NIPT test requirements
Form, Tube, Patient identification and labelling requirements 
EDD >12 weeks, correct tube - dedicated to test 
Must be in correct order of draw		Yes		May be located in a remote area where the test is limited in availability, or centre may not be able to provide RHD NIPT testing
Women may attend earlier than 12 weeks or later than 24 weeks 
Staff may not be trained correctly or not complete the test collection based on the test provider needs (i.e. correct tube) 
May have incorrect patient details, incorrect form, incorrect tube type, mismatch between sample or tube, EDD may be estimated incorrectly and be < 12 weeks.
May not stock the required tube i.e. Streck - or if streck used may not be in correct order of draw
Transport limitations 
		Delays in transport  
RHD NIPT testing and this may lead to women having to travel 
Obtaining the correct tube and having the woman represent for collection
Sample rejected and requires a recollect or RhD Ig prophylaxis if result not available, additional cost for recollect or additional RhD Ig if not required.  
Nuance to the woman if recollect required.  
Costs increased of recollect required or RhD Ig needs to be administered with unknown RHD NIPT outcome/result 
Incorrect order of draw may result in false or invalid result		5		Collection point issues - public holidays, outreach services, service provider inability to provide wider services, cost and time to required to train all laboratory and pathology staff
Multiple providers may increase possible variations, incorrect EDD if the EDD has not be calculated correctly
Failure to follow SOPs for collection; failure to check patient details on form and tube and with the woman to confirm identity   
Lack of education 		4		Well established transport systems for pathology services and existing processes to manage PH etc.  
Education and resources for correct patient identification and procedure matching, guidelines which include minimum requirements
Test guides available at collection points and SOPs 

		 
Auditing as part of the routine laboratory process - rejected RHD NIPT testing
Strict requirements for acceptance of samples in the current guidelines 
Clear direction for EDD > 12 weeks on request form 		1		20		Yes		Example forms containing minimum requirements and examples of tubes labelled 
Inclusion of the RHD NIPT and test requirements in the test guide for the pathology services as soon as testing becomes available.
Including requirements in the clinical guide for local adaption to ensure that there is adequate guidance for clinical and laboratory staff 		SC		11/1/23				5		4		1		20		Yes		Good understanding of sample and transport requirements 
Early inclusion of evaluation and auditing processes and ongoing review of process, and where necessary modification.  

		Human 		10		Sample sent to specimen reception 		May require transport to lab
Must be in accordance with provider needs and NPAAC		Yes		Sample may be packed incorrectly, may be lost in transit, may be delayed and expire transport time. 
Delay in transport reduces expiry of sample 		Potential for haemolysis/loss of sample and need to recollect.  This increases cost and nuance to the woman.  Woman may elect  or be required to have RhD Ig prophylactically if time does not permit for retest.
Sample may not arrive at processing centre within the expiry time.  This will be dependant on the tube type and expiry validation extension for EDTA tubes if they are to be utilised		3		Single or small number of providers and therefore likely to require a send away.   
Failure to follow correct transport and packing instructions.  
Sample may be sent to wrong area in pathology or left in transport container 		2		Transport SOPs and NPAAC  guidelines to guide packing and send away samples
Training and education support for transport and packing 
Test guides 
Validation of extended expiry times for EDTA tubes if utliised 		This may not be identified until arrival at the processing centre, but should be identified prior to processing at specimen reception if delay occurs prior to this.  		2		12		Yes		
Inclusion of transport and sample collection requirements to e adapted for local requirements when the RHD NIPT becomes available.  All resources are currently in a generic format that enables local adaption for specific requirements		SC		11/1/23		Clear recommendations and guidance for transport requirements 
Significant mapping current pathology processes such as registration, transport and send away processes to identify factors which may contribute to sample rejection/loss.		3		2		2		12		Yes		Recommend extension for validation for EDTA tubes beyond 3 days if these are the preferred tube for RHD NIPT Testing
Many factors will be dependant on the service provider/s requirements, and therefore generic recommendations that may be adapted, but applicable for all should be included.

		Human and Software		11		Registered in LIS using RHD NIPT test code 		Requires test code to be entered into the system which is unique to to the RHD NIPT 		Yes		Incorrect test code entered 
Insufficient clinical information to assist with determining RHD NIPT test 
Form does not indicate RHD NIPT as the test being requested 		RHD NIPT test incomplete and would require recollect or RhD Ig prophylaxis
Specimen reception unsure as to the intended test requested and may need to follow up with requestor 		3		
Failure to correctly check request form or code entered 
If a generic form is utilised mandatory clinical information missing 
New test with limited knowledge of its intended use and processes required 		2		SOPs for test code entry
Inclusion of the RHD NIPT as an item of the test library of the provider/s
Training and education for clinical, laboratory and collection staff prior to availability for the RHD NIPT test 
Use of a specific request form 
 LIS updated and validated prior to introduction of RHD NIPT 		Checking of the sample request form and the test code to ensure correct code has been entered for the RHD NIPT (standard operating procedure)		1		6		Yes		Test code to be developed and included in local test guides prior to availability of a test provider 
Adequate promotion of the test and requirements  prior to availability 
Resource development to guide Laboratory - interactive flow pathway that covers the pathway from specimen entry to result distribution		SC		11/1/23		Clear recommendation for utilising a  form that limits misinterpretation or results in confusion of the person ordering the RHD NIPT or registering/processing the sample. 		1		1		3		3		Yes		To be incorporated into revised versions of NPAAC Requirements and ANZSBT Guidelines for RHD NIPT  

		Human and Transportation methods 		12		Sent to Processing Centre 		This may or may not be the first laboratory the sample arrives at.  It may need to be transferred from another (referring Lab).  		Yes		The sample may be lost between the referring and processing centre, additional step and may delay transport resulting in expiration of sample. 
May not be transported in correct conditions. 
Additional risk of sample lost, inadvertently contaminating the sample with extraneous DNA by  opening the specimen, or haemolysed due to transport errors.		No testing
Specimen recollect
RhD Ig may be required if insufficient time to retest 



		4		Lack of training and education 
Lack of SOPs 		2		Detailed SOPs  
Initial and ongoing education and training 
		Following the specimen reception processes and if necessary the send away for RHD NIPT testing.  		1		8		Yes		Test provider must provide detailed specimen collection and transport information 		SC		11/1/23				4		2		1		8		Yes		If ongoing issues - review the total process across all groups involved

		Human and software 		13		Registered in LIS using RHD NIPT test code 		Requires Test code for RHD NIPT to be available in the LIS		Yes		May enter incorrect code and sample may be analysed for the incorrect test 		Incorrect result available for that test code 
		3		Request form not completed correctly / illegible
Human error for test request or code entry 		1		SOPs 
For illegible forms follow up with the requestor 		or the requestor follow up seeking results 		1		3		Yes		Detailed SOPs
Follow up of illegible requests with the requestor
Test guides for Laboratories to ensure minimum requirements met and can be checked prior to further referral of samples, including correct test codes. 
Forms wh9ich clearly indicate RHD NIPT test specimens  		SC		11/1/23				3		1		1		3		Yes		Recommend broad consultation when developing or adapting request forms or electronic requests for RHD NIPT 

		Human 		14		Checked to ensure meets all requirements for processing 		Request form, specimen must match identically and contain unique patient identifiers.  Sample must be received within the required time frame from collection as determined by the test provider. Tube not opened   		Yes		Sample may have inadvertently been opened prior to arrival
Expired sample or haemolysed 
Minimum patient identifiers not met 		Potential for inconclusive result , incorrect result or sample rejection 
Increased cost, nuance to the women and potential reduced efficiency of the RHD NIPT test if RhD Ig required or a second collection required		5		Staff unfamiliar with sample requirements including ensuring samples remain unopened 
Failure to follow all SOPs 		1		Education and training on the collection, transport and sample requirements 
Detailed SOPS pertaining to  RHD NIPT testing and RHD NIPT send aways
Strict minimum requirements which are checked prior to referral to another Lab 		SOPs for specimen receptio9n and data entry 		1		10		Yes		Education and test guide development which includes \detailed SOPS that are regularly reviewed
		SC		11/1/23				5		1		1		5		Yes		Dependant on specific requirements for the provider/s but generic versions of resources and guidance documents will be made available for update

		Method 		15		DNA extracted 		The fetal DNA must be extracted and this requires a single unopened tube to be sent to preserve DNA stability.  The tube must be the preferred tube for the processing site.		Yes		Sample may be collected too early,  wrong sample
Failure to maintain sample integrity leading to contamination  		Sample unsatisfactory and unable to extract DNA for testing.  Result in an inconclusive or negative result 
Either repeat test or mother recommended RhD Ig Prophylaxis 		5		Inadequate sample or extraction failure whether manual or automated 
 		1		Sample collected after 12 weeks gestation
Use of validated manual or automated DNA extraction technique
Detailed SOPs 		Test failures
Increased incidence of inconclusive results above the expected number 
Increased number of RhD negative fetus well above the expected frequency of RhD negative blood type		1		5		Yes		Training, education and SOPs and understanding of stringent specimen handling requirements   		SC		11/1/23				5		1		1		5		Yes		Regular review based on risk assessment 

		Analyser Equipment and Kits 		16		Sample Analysis		The sample is run through the analyser and result generated.  The result is then reviewed by a second scientist prior to report completion		Yes		Analyser may break-down or report an incorrect result 		Unable to provide a result 
Incorrect result 		5		Instrument failure 
Poor maintenance of equipment 		1		Regular and preventative maintenance of instrument, quality control and quality assurance 
		
Positive and negative control failure  
Increased discrepancy between RHD NIPT and cord results 		1		5		Yes		Analysing equipment will need to be validated and accredited by NATA to ensure that the equipment is maintained and meets minimum specificity and sensitivity requirements 
Documented QC and QA programs 		SC		11/1/23		Clear guidance and SOPs to manage breakdowns 		5		1		1		5		Yes		Ensure Haemovigilance reporting systems are capable of identifying trends for cord discrepancy to flag potential issues as soon as possible

		Analyser and Software 		17		Result Report and distribution 		Result reported as one of 4 options
Not reported - no result can be provided as requirements not met
Inconclusive - a number of samples will not provide a result which is confident.  This may be due to a D variant or EDD < 12 weeks
RhD Negative - fetus is predicted to be RhD negative 
RhD Positive - Fetus is predicted to be RhD positive		Yes		Technical - Incorrect result 
Results associated with incorrect patient		Women may be provided incorrect management leading to either increased risk of sensitisation or unnecessary RhD Ig 
		7		Incorrect review or electronic data transfer
		1		Proper use and review of a validated transfer system 		Review of results and correlation of the RHD NIPT and Cord results 
		1		7		Yes		Local SOP to include second reviewer to reduce possible errors in results
Incorporating cord blood validation with RHD NIPT introduction 
Equipment validation for IT systems 		SC		11/1/23				7		1		1		7		Yes

		Human 		18		Follow up management based on result;
Determine whether RhD Ig prophylaxis is required.  
All women will require a repeat Ab screen at 28 weeks regardless. 		RhD negative - no RhD Ig required
RhD positive, inconclusive or not reported - RhD Ig recommended.  
For sendaways copies of the report must be sent to the referring laboratory and requesting clinician.
Where care has been transferred from the requesting clinician, a copy of the RHD NIPT report should be provided to referred clinical care provider		Yes		Result may be lost, result may be misinterpreted or not reported 
Inaccessible reports or results unable to be delivered 		Unnecessary or omitted use of RhD Ig 
May require a specimen recollect  
Decreased efficiencies due to follow up of missing reports 
		7		Electronic reporting failure
Hard copy reporting failure 
Misinterpretation of the results due to lack of education and support
Complex shared clinical pathways 
Transcription errors of results
Failed delivery of hard copy 		6		Appropriate commentary in relation to the result and recommended management 
Education and training targeted to reporting and follow up management 
Validated and reliable electronic and manual reporting systems
Validated transport systems		Increased number of queries/complaints relating to delayed or lack of availability of reports		2		84		No		Regular feedback from requestors and appropriate corrective actions
Regular audits of the reporting system
Education and training 		Clinical care providers and Laboratories 		Ongoing 		Regular review to demonstrate accuracy and reliability of the reporting system 		7		6		2		84		No		Use of universal electronic medical record such as the My Health Record 

		Human and Method for collection of sample 		19		Testing of Cord Blood Sample collected to validate RHD NIPT test result 		Correct collection process followed, including the correct labelling to confirm identity of the cord blood samples
Correct ABO/RhD testing of the cord blood sample		Yes		Incorrect identification of the maternal or cord blood samples
Incorrect RHD NIPT testing 
Incorrect or missed ABO/RhD testing of the cord blood 		Inappropriate, unnecessary or omitted use of RhD Ig 		7		Failure to follow SOPs - identification, collection or technical failure 
Reporting error 		1		Training and education of all staff involved in collection, testing and reporting of RHD NIPT and cord blood ABO/RhD groups. cord blood samples
Authorisation of RHD NIPT results prior to release
Checking of cord blood results against RHD NIPT 
		Review of results to identify lack of correlation between RHD NIPT and ABO/RhD cord blood results 
Review of haemovigilance reporting to identify trends in in mismatched reporting 		2		14		Yes		Recommendation to include cord sample collection as part of the validation process in the implementation phase until clear evidence or accurate results
Haemovigilance reporting resources to identify  capturing of cord sample and RHD NIPT discrepancies 
		SC		11/1/23		Development of Haemovigilance resources and guidance to promote identification of discordant results and guide management to reduce further issues 		7		1		2		14		Yes		Recommend haemovigliance reporting requirements to include cord blood discrepancy and include the best practice in the ANZSBT and NPAAC Documents 
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Appendix - Risk Definitions

		FMEA Rating Definitions Table

		Rating		Severity		Likelihood of Occurrence		Possibility of Detection

		10		Hazardous without Warning
• May endanger machine or operator
• Affects safe operation of product/production and/or involves non-compliance with government regulations
• Failure will occur without warning.		Very High
Failure is highly likely to occur (perceived as inevitable)
 ≥1 in 2		Almost impossible
No known controls available to detect potential cause and subsequent failure mode. 

		9		Hazardous with Warning
• May endanger machine or operator
• Affects safe operation of product/production and/or involves non-compliance with government regulations
• Failure will occur with warning.		Very High
Failure is highly likely to occur (perceived as inevitable)
1 in 3		Very remote likelihood that current controls will detect a potential cause and subsequent failure mode.

		8		Very High
• Major disruption to production
• 100% of production may have to be scrapped
• Product/equipment inoperable, without primary function
• Customer very dissatisfied.		High
Generally associated with processes similar to previous processes that have often failed (i.e. repeated failures).
1 in 8		Remote likelihood that current controls will detect a potential cause and subsequent failure mode.

		7		High
• Minor disruption to production
• Production may have to be sorted and a portion (<100%) scrapped
• Product/equipment operable but at significantly reduced level of performance, that is, only primary function(s) operable
• Customer dissatisfied.		High
Generally associated with processes similar to previous processes that have often failed (i.e. repeated failures).
1 in 20		Very low likelihood that current controls will detect a potential cause and subsequent failure mode.

		6		Moderate
• Minor disruption to production
• Production may have to scrap a portion of the product (<100%) - no sorting
• Product/equipment operable, but at reduced level of performance (some secondary functions inoperable)
• Customer dissatisfied.		Moderate
Generally associated with processes similar to previous processes that have experienced occasional failures, but not in major proportions (i.e. occasional failures).
1 in 80		Low likelihood that current controls will detect a potential cause and subsequent failure mode.

		5		Low
• Minor disruption to production
• 100% of production may have to be re-worked
• Product/equipment operable, but at slightly reduced level of performance
• Some customers dissatisfied.		Moderate
Generally associated with processes similar to previous processes that have experienced occasional failures, but not in major proportions (i.e. occasional failures).
1 in 400		Moderate likelihood that current controls will detect a potential cause and subsequent failure mode.

		4		Very Low
• Minor disruption to production
• Production may have to be sorted and a portion (<100%) re-worked
• Minor non-conformance to production specifications
• Defect noticed by average customer.		Moderate
Generally associated with processes similar to previous processes that have experienced occasional failures, but not in major proportions (i.e. occasional failures).
1 in 2,000		Moderately high likelihood that current controls will detect a potential cause and subsequent failure mode.

		3		Minor
• Minor disruption to production
• A portion of production may have to be re-worked (<100%) - on-line 
• Minor non-conformance to production specifications
• Defect noticed by average customer.		Low
Isolated failures associated with similar processes (i.e. relatively few failures).
1 in 15,000		High likelihood that current controls will detect a potential cause and subsequent failure mode.

		2		Very Minor
• Minor disruption to production
• A portion of production may have to be re-worked (<100%) - on-line 
• Minor non-conformance to production specifications
• Defect noticed by discriminating customer.		Very Low
Only isolated failures associated with almost identical processes.
1 in 150,000		Very high likelihood that current controls will detect a potential cause and subsequent failure mode.

		1		None
No effect		Remote
Failure is unlikely. No failures ever associated with almost identical processes.
1 in 1,500,000		Almost certain
Current controls almost certain to detect the failure mode. Reliable detection controls exists for similar processes.
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