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Abstract

Fetal and neonatal alloimmune thrombocytopenia (FNAIT) may result imesblezding,
particularly.fetal and neonatitracranial haemwrrhage (ICH). As a resulENAIT requires
prompt identification and treatment; subsequent pregnancies need closdasineaihd
management. An international panel convened to develop evidence-based recoronsefatati
diagnosis and management of FNAIT. A rigorous approach was used to search, nelview a

develop recommendations from published data for: antenatal management, postnatal
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management, diagnostic testing and universal screening. To confirm FNAlMhdatan platelet
antigen (HPA) typing, using non-invasive methods if quality-assured, should beypsdfor

during pregnancy when the father is unknown, unavailable for testing or heterozygdwes for t
implicated antigen. Women with a previous child with an ICH related to FNAdUld be

offered intravenous immunoglobulin (IVIG) infusions during subsequent affected preggasc
early as 12 weeks gestation. Ideap A-selected platelets should be available at delivery for
potentially“affected infants and used to increase the neonatal platelet count as needed. If HPA
selected platelets are not immediately available, unselected platelets should be transfused.
FNAIT studiesthat optimize antenatal and postnatal management, develop risk stratification
algorithms.toguide management and standardize laboratory testing to itiegttifysk

pregnancies are needed.

I ntroduction

Fetaland neonatal alloimmune thrombocytop€RMAIT) occurs when maternal 1gG
alloantibodies«to human platelet antigens (HPAS) traverse the placenta and cause fetal platelet
destruction.and, potentially, suppression of megakaryopdlgsiset al 2015)The reported
incidencesranges from 0-31 in 100Q(KjeldsenKragh, et al 2007, Turneret al 2005,

Williamson et al 1998),and depends on how cases are accrued: screening versus clinical
presentation, usually of a thrombocytopenic neonate. Presentations range from aoraatimpt
neonate tosneenatal thrombocytopenia, petechiae, ecchymosis and intrhc@amathage

(ICH). FNAIT-related ICH is reported to occur in 0.02-0.1:1000 live births.(KampéiLas

2010, Kjeldserkragh, et al 2007) When ICHs occur, they frequently ocouutero - 54% occur
before 28 weeks gestatidniller, et al 2013) The consequences of ICH include death (35%) or
serious neurological sequelae in up to 83% of survi@iher, et al 2013)Optimal management
is required.to.reduce or eliminate the risk of ICH in the fetus and neonate.

An_international panel of adult apaediatric haeatologists, maternal fetal medicine
specialistspaedatricians, methodologists, transfusion medicine physicians and a patient
representative was ngened by the International Collaboration for Transfusion Medicine
Guidelines (ICTMG) to provide guidance on the antenatal and postnatal manageRe¢At Df

for haenatologists, maternal fetal medicine specialists, immunologists, transfusion medicine
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specidists, paedatricians and neonatologists. Using a systematic approach and standardized
methodology, the panel developed recommendations for investigations and treatrhenfylAlt
FNAIT most commonly occurs secondary to atA-1a antibodieshe recommenrations

apply, but less strongly, to FNAIT caused by other anti-HPA antibddiesan leucocyte

antigen HLA).antibodies without HPA antibodies were not considered associated with FNAIT.

Methods

Clinicalrguestions were developed according to the US Preventative Services Task Force
Criteria(Harriset al 2001)for antenadl screening and management, diagnostic testing, and
postnatal interventions. (Appendid)

A systematic search for articles published between-I194@ 2017 in MEDLINE,

EMBASE and Cochrane was conducted. Manually searched references of primary articles,
relevant reviews and additional articles identified by panel members were included. Conference
proceedings were not searched. Search strategies are detailed in Aijiehatkusion criteria

were: (1)'original data; (2) five or more pregnancies, fetasegonates with or at risk of

FNAIT; (3)and reporting any of the following: mortalit{zH, fetal/neonatal platelet count,
proportion transfused or duration of thrombocytopenia.

Twao. reviewers screened publications for eligibility, independentlyaeted data and
assessed guality and risk of bias of each study using criteria establisttes rigporting of
randomizedsand non-randomized studies.(Fowkes and Fulton 1991, Hej@in2011, Wellset
al 2015)The assessment of economic analyses was based on the checklist developeddby Evers
al (2005)Discrepancies in data collection were resolved by a third reviewer.

Recommendations were formulated based on the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) method which incorporates theajuality
the studiesgbenefits and risks, and resource utilizéBogatt et al 2011)The level of evidence
was gradedqas strong, moderate, weak or very weak based on the GRADE(Atkarsa et al
2004) Recommendation strength was evaluated as strong or weak. A strong recdiamenda
was made according to GRADE if the panel was “confident that the desirable effects... outweigh

the undesirable effect$Guyatt et al 2008)A weak recommendation was made if the panel
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concluded that the “desirable effects ... probably outweigh the undesirabls &fbet the
tradeoffs were not well define(iGuyatt et al 2008) Weak recommendations may not be
applicable to all patients. The term “should” and “should probably” were used tct s#fleng
and weak recommendations, respectively.

Web.conferences and electronic correspondence were used to discuss the analytic
frameworks, of the clinical questions, systematic reviews and formulate recomtiogisda
Electronic'surveys were sent to all members to assess agreement with recommendations.
Disagreements'were resolved by group discussions. If disagreements couldesolJezl, a
recommendation was accepted if the majority (50% or more of the panel) wasemagt.
Members recorded their conflicts of interest but none were excluded from vogreements
with recommendations were tabulated according to disclosures to ensure biase#digdence
decisions.

The final guidance document was sent to maternal fetal,dtatgy andpaediatric
societies for feedback (Appendix $able S1). The reviewers from these societies were sent a
survey consisting of open and closed-ended questions to determine agreement with each
recommendation, and to identify facilitators and barriers to guideline apptic Comments
from reviewers were subsequently discussed and addressed by panel members.

Thesrecommendations in this guidance doent will be reviewed every three years from
publication. If a study is published that may impact patients prior to that time, a comment will be
added on'the ICTMG website (ictmg.org) along with the guideline.

Results

Four systematic reviews (antenatal management, postnatal management, use of HPA
alloantibodies.to identify pregnancies at risk and the use of HLA genotypes to ptedict
alloimmunization) were developed to support this guideline (Talfaker, et al 2018, Kjaey
et al 2018, Winkelhorstet al 2017)Characteristics,@icomes, and risk of bias of the studies
analysedarerdescribed in Appendix $Bables S2511). Additional references added following
publication of the systematic reviews are detailed in AppeBdid ables S1216). Cost

effectiveness studies are summedan Appendix S%Tables S17519).
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The recommendations are categorized as postnatal interventions, antesrahiitins

and screening for FNAI&and are summarized in Tablle The administratiomf intravenous

immunoglobulin (IVIG)is detailed in Appendixs6.

Postnatal recemmendations

1

If thereisclinical suspicion of fetal and neonatal alloimmune thrombocytopenia
(FNATFT);"manage as FNAIT without waiting for laboratory confirmation (moder ate
evidence,strong recommendation).

If alplatelet transfusion isindicated, human platelet antigen (HPA)-selected platelets
should beused if immediately available (moder ate evidence, strong
recommendation).

If HPA-sdlected platelets are not immediately available, HPA unselected platelets
should be transfused (moder ate evidence, strong recommendation).

Platelets should betransfused immediately if life-threatening bleeding is present
(moderate evidence, strong recommendation).

If an‘intracranial haemorrhage (ICH) is suspected clinically, do not delay platelet
transfusion while awaiting confirmation by imaging studies (very low evidence,
strongrecommendation).

In the presence of life-threatening bleeding in a neonate, such asintracranial or
gastrointestinal bleeding, platelets should be transfused to maintain platelet counts
initially"above 100x10%! and then above 50x10%! for at least 7 days (very low
evidenee;'strong recommendation).

In the absence of life-threatening bleeding in a neonate, such asintracranial or
gastrointestinal bleeding, platelets should betransfused to maintain a platelet count
above 30x10%! (very low evidence, strong recommendation).

A cranial/ultrasound should be performed to screen for ICH in all neonates
suspected of FNAIT within 24 h of delivery (very low evidence, strong
recommendation).

A neonate with FNAIT should have platelet counts monitored until the plateletsare

normal in the absence of treatment (very low evidence, strong recommendation).
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Rationale

FNAIT is the most common cause of fetal and neonatal séwenabocytopenia
(platelet count less than 50xX1) and ICH in the first few days of life in a term, otherwise
healthy infan{Chakravorty and Roberts 2012, Dreyfetsal 1997, Kaplan 2001) FNAIT should
also be considered if there is severe neonatamiogytopenia even if the thrombocytopenia
can potentially.be explained by other diagnoses/comorbidBiesse] et al 2005)

The'goal of treating FNAIT is to prevent or minimize mdjaenorrhage, such as ICH or
gastrointestinal'bleeding and death. Platelet transfusion @#R&tedr unselected) is the
primary treatment for neonatal thrombocytopenia secondary to FNAIT. Althcarggfusions
lead to reasonable platelet count incremémtshe neonatestudies are too small to confirm
whether platelet transfusions reduce neomatabidity and/or mortalitfAppendix S3Table
S3). HPAselected platelet transfusions (maternal or donor) are considerdohéirgterapy as
they result in higher platelet increments and longer duration of response coropaaedftision
of unselected platelet@Baker, et al 2018) In one study, platelet counts increased to more than
50x10/I in88%’of neonates receiving maternal platelets (19/23) and in 38% (5/13) of
thrombocytopenic neonates transfused with HiP&elected platele{8lueller-Eckhard; et al
1989)The-haltlife of transfused HPALa/5b selected platelets was estimated to be twice that of
unselected-platelets (1.9 vs. 1 y@ddlen, et al 2007)If HPA-selected platelets are unavailable
immediately, unselected platelets should be provided to bridge the time untsél@ded
platelets are availahl&iven that antHPA-1a and antHPA-5b are implicated in more than
95% of clinically diagnosed cases of FNAIT in Caucasians, blood establishman&ttempt to
maintain a'HPAla, -5b negative platelet inventq@idlen, et al 2004)

The optimal threshold at which to transfuse platelets prophylactically to nedoate
prevent bleeding has not been determined. Thresholds for platelet transfusion padenan
5x10/I to 100x13/l.(Bassleret al 2008, Gunninket al 2014, Sachs 2013, te Pasal 2007)

Only two studies indicated a platelet count for transfusion (35 and Bpdifd neither assessed
the effect onbleeding.(Kjeldséfragh et al 2007, te Past al 2007)In our systematic review,
the platelétieount (at birth or nadir) was found to be less than 3Dk104 of the 29 neonates
with ICH for whom platelet counts were reported. Platelet counts wereaitalde in the other
34 neonates with ICKBaker, et al 2018) Thus, a transfusion threshold of less than 3ixd@s

considered reasonable for prophylactic platelet transfusion. Higher threshtildgpresence of
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ICH (50 to 100x181) were deemed necessary to reduce the risk of further haemorrhage. These
thresholds may also be higher in preterm or sick neonates at risk for ICH.

Administration ofintravenous immunoglobulin\(IG) to the neonateould be
considered in the following scenarios: in the presence of ICH or other lifeethirggbleeding
and/or platelet.count < 30xDif platelet products are unavailable. The platelet count increase
in the neonat@f it occurs) may tke 24-72 h following IVIG infusion when given alone. Given
limited data'supporting its efficacy as an adjunct ggentvell as potential side effects from
IVIG (including'haenolysis in non-group O neonates and neutropd@ilainan et al 2017,

Khan, et al 2010, Krishnan and Pathare 2011, Lulstial 2015, Majer and Green 1988, Singh-
Grewal et al 2006, Veyset al 1988), IVIG was not considaten addition to platelet
transfusion:

Corticosteroids have also been used in combination with platelet transfusionl'si@/or
in a limited number oheonaes(n= 10), where a change in platelet count was provided for
assessmerfEratellanzaet al 2006, Kiefe] et al 2006, Leeet al 2002)The effectiveness of the
addition ofseorticosteroids from these limited data is uncertain.

Urgentihead ultrasound (HUS) examination is essential when FNAIT is dinical
suspectegdto exclude ICHMagneticresonance imagingRI) may be performed if needed to
confirm orddentify an ICH or to determine its age; MRI may be performetbwit
sedation.(Kovanlikayeet al 2017)

The.typical nadir platelet count for FNAIT occurs within 48 h of deli&ngfel, et al
2006) andgmost infants recover withirblveeks.(Galeat al 1981)In rare cases,
thrombocytepenia may persist for 8 weeks or longer; therefore platelet counts should be
followed regularly until counts normalize.(Chakravorty and Roberts 2012) If latelats do
not normalize within a reasonable timeframe, alternative diagnoses, such astabngeni

thrombocytopenia, should be considered.

Antenatal Recommendations
10. Women,with FNAIT in a previous pregnancy or sistersof women with FNAIT should
bereferred to fetal medicine centres (very low evidence, strong recommendation).
11. Fetal HPA typing, preferably using non-invasive methods, if adequately quality
assured, should be performed during pregnancy when thefather isunknown,
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unavailablefor testing, or heterozygousfor the implicated antigen (moder ate
evidence, strong recommendation).
12. In patientsidentified by screening or sistersof patientswith FNAIT, the presence
and/or concentration of HPA antibodiesin subsequent pregnancies may be useful to
determinetherisk of FNAIT (low evidence, weak recommendation).
13. Consecutive assessments of levels of anti-HPA-1a antibody in HPA-la-immunized
women; using the monoclonal antibody immabilization of platelet antigen (MAIPA)
assay, may be useful in identifying risk of FNAIT. Antibody levels should be
expressed in iu/ml and not astitresif used for this purpose (low evidence, weak
recommendation).
14. HLA*'DRB3*01:01 typing of HPA-1b1b women (including sisters) considering
pregnancy should be used to identify women who have a low risk of developing anti-
HPA-1a antibodies (moder ate evidence, strong recommendation).
15. Antenatal intravenousimmunoglobulin (1VIG) administration to the mother,
commencing at 12-16 weeks gestation, should be suggested to all women in a
subsequent pregnancy with maternal fetal incompatibility who have had a previous
fetus.or neonate with FNAIT-related ICH (very low evidence, strong
recommendation).
16. For all other pregnancieswith a previous neonate with FNAIT (without ICH),
administering antenatal 1VIG to the mother should be discussed prior to a
subsequent pregnancy or when pregnancy with maternal fetal incompatibility is
confirmed (very low evidence, strong recommendation).
a) (IT antenatal intervention isrequired, IVIG administration to the mother should
be started between 20 to 22 weeks (and not later than 24 weeks) gestation (very
low evidence, strong recommendation).
17.1f corticosteroids are used with 1VIG, dexamethasone should not be used because of
the associated risk of oligohydramnios (low evidence, strong recommendation).
Rationale

The risk of recurrence of FNAIT in subsequent antiggmompatible pregnancies is
significant. In women with a previous infant with ICH, the recurrenaegbtCH has been
reported to be 72% (95% confidence inten@l [46-98%) without the inclusion oéfal deaths,
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and 79% (95% CI 61-97%) with their inclusilRaddey et al 2003)Mothers of mildly affected
or undiagnosed first-born childrevith HPA-1b1lb can have severely affected childifBaossel
and Kaplan 1998, Busset al 1997) In first pregnancies without an ICH, the risk of ICH in the
second affected pregnancy appears to belbosvthere are little data on untreated second
pregnancies«.Ihus, antenatal intervention for subsequent pregnancies should bg carefull
discussed inentreswith expertise in FNAIT.
Deter miningFetal Antigens

Norrinvasive prenatal testing (NIPT), available in sarastres usingcell-free fetal
DNA (cffDNA) can determine whether the fetus carries the HRAyene if the biological father
is heterozygouor the HPA antigen or unavailable for testidgppendix S4Tables S4S5)(Le
Toriellec etva 2013, $heffer, et al 2011)Although only two studies assessed cffDNA for HPA-
1, there were no false positive or false negative results in the 63 samples screemptnary
alternative Is amniocentesis with its associated risks of pregnancy losslo@@.BNilson, et al
2015)Charionic villus sampling increases the risk of alloimmunization and feta{Adsdekar,
et al 2015Moise and Carpenter 19%0eimplantation genetic diagnosis with selection of
embryos thaare HPA1blb andn vitro fertilization with sperm donors that are HAA1b have
been deseribefAltarescy et al 2012, Tiller, et al 2016a)
HPA Alloimmunization

Only 10% of women who are HPRb1b have detectable HP¥a alloantibodies despite
carrying afetus with HPAla(Kamphuis et al 2010)On the other hand, severe neonatal
thrombocytopenia has been described in HPA-1b1b women who do not have demonstrable
alloantibodiegArnold, et al 2008, Bussekt al 1988)

The monoclonal antibody immobilizah of platelet antigen (MAIPA) assay has been
widely used to detect alloantibodies; other assays have not been shown to bblagKler, et
al 2018) Prospective screening studies of unselected pregnancies (~125,000 women) showed
that among HPA-la-immunized pregnancies (n=216), high levels afiBdtiia antibodies in
the third trimester or at delivery correlated with low platelet counts in the neonate, &lie
2008, Williamsonet al 1998)This suggests that maternal HRA antibody level in the third
trimester may have potential utility as a predictive tool for patients identified by generalized
screening.(Kjaeret al 2018) The negative predictive value (NPV) ditee of 32 or
concentration of 81/ml and a neonatal platelet count < 50%lLvas 88%Williamson et al
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1998) to 95%K:illie , et al 2008)when the antibody was determined in the third trimester or at
delivery, respediely. For subsequent pregnancies, maternaltldR#k-1a antibody level in the
second trimester correlated with second trimester fetal platelet counts. The NPVsofbr cut
levels 2331 iu/ml andfetalheonataplatelet count < 20 to 50x0ranged from 60% to
86% (Bertrand.et al 2006, Bertranget al 2014, Ghevaertt al 2007a)
HLA Genotyping

Several'studies have demonstrated a strong association between HLA DRB3M@iL:01 a
risk of HPA-Tasimmunization in FNAIT. Absence of HLA DRB3*01:01 imreaternaifetal
incompatible pregnancy is associated with a very low risk of alloimmunizatioe.dfi13
studies reviewed described this association (Appendikabtes S8510)(Blanchetteet al
1990, Killiepet al 2008, Kjeldserkragh, et al 2007, L'Abbeet al 1992, Maslankaet al 2003,
Mueller-Eckhardf et al 1985, Sainipet al 2017, Turneret al 2005, WienzeK-ischka et al
2017, Williamsonet al 1998)The positive predictive values (PPVs) and NPVs in three studies
ranged from 17-35% and 980% respectively.(Maslanket al 2003, Turneret al 2005,
Williamsonpetal 1998) Overall, HLA DRB3*01:01 typing was considered useful in determining
absence ofrisk of HPAlloimmunization in women who are HPA-1b1b and have neither had an
affected infant nor detectable HPlAa alloantibodies. Biomarkers are needed for other HPA
discordances.

Determination of fetal antigens by NIPT, HPA phenotype and genotype as well as
presece of HPA antibody and HLA genotype should be performed by experienced labsratorie

Non-invasiveAntenatal Management Strategies

Centrediffer on the optimal antenatal algorithm for FNAIT. Historically, fetal blood
sampling (FBS).and intrauterine transfusion (IUT) were offered to manyewoAmtenatal
interventions.now commonly include IVIG and corticosteroids administered to tiemnaot
combined treatment. Previous studies reported that in 50% of 107 subsequent fetuses of previous
severely affected pregnancies, the fetal platelet count was 20ad ess by 24 weeks of
gestationBusse) et al 1997)Accordingly, antenatal maternal treatment with IVIG with or
without steroids is provided by soroentresf there is a previous severely affected pregnancy
and a current materntdtal incompatible pregnancy. In contrast, Fi°PA-1a-immunized women

initially identified by screening, Tillegt al (2016b) found that neonatal platelet counts increased
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or were unchanged in 70% of 45 untreated subsequent pregnanciesn Narsyay, where
womenare screened for FNA|Tantibody concentration has been used to guidiernal
antenatal treatment amaly a small proportion of pregnancies at risk are treated with IVIG.
These differencesrobablyreflect pregnancies that are identified by screening compared to
pregnancies.with a previously affected fetus/neonate.

Our.systematic review identified four randomized controlled trials (R&1d)22
nonrandomized studies addressing antenatal intervention with IVIG and/or cerbabst
Following‘publication of the systematic rewi¢Winkelhorst et al 2017), three additional studies
were included: one RCT and two observational studies.(Kampais2016, Kamphuiset al
2017, Lakkarajaet al 2016)Overall, in mothers treated with IVIG&ur neonatal ICHs occurred
in 315 pregnancies. None of the studies, however, were large enough to detectrecdiffere
ICH or mortalityyamong treatment regimens. None of the regimens in the raxedbstudies
were compared to placebo because not offeringntiesat has been considered unethical.
Nonetheless, antenatal IVIG administered to the mother resulted in an increased fetal or neonatal
platelet count:

Randomized studies have not carefully addressed the dose, gestational age at which t
initiate maternalVIG, the duration of IVIG use and adverse events secondary to IVIG. In most
studies, IVIG was administered to pregnant women at 1 g/kg per week. Ddadsdnoften in
single studies, 0.4 g/kg/day for 5 days, 0.5 g/kg/week, 0.8vgdaly, 1 g/kg every #eeks and 2
g/kgweek. Although data are limitedpt@natal maternal use of IVIG did not appear to affect
fetal/neonatal'growth and development, incidence of infection or neuropsychblogica
developmenitRadderet al 2004, Wardet al 2006) Appendix S@escribes potential regimens
for antenatal treatment.

Matemal treatment witharticosteroids has beessessenh multiple studies; four
studies used.corticosteroids alone (Berkoyatal 2006, Bertrangdet al 2011, Ghevaertt al
2007b, Kaplapet al 1998) and 12 studies combined corticosteroids and IVIG with or without
IUT.(Berkowitz et al 2006, Berkowitzet al 2007, Bertrangdet al 2011, Bertrandet al 2006,

Busse] et al"2010, Bussekt al 1996, Ghevaeret al 2007b, Kamphuiset al 2017, Lakkarajget
al 2016, Lynchet al 1992, Mechoularet al 2011, Murphyet al 1994) Prednisone and
dexamethasone dosagahmninistered to the motherere predominantly 0.5 mg/kg/day and 1.5

mg/day, respectively. In one studgatrnal administration of corticosteroids alone resulted in
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similar neonatal platelet increments comparechaiernal administration @¥/1G in pregnancies
that did not have a previous pregnancy \igtal/neonatal CH secondary to FNAIT and had an
initial fetal platelet count > 20x10.(Berkowitz, et al 2006) The studies that comparadternal
IVIG alone withmaternallVIG and corticosteroidaoted similarfetal/neonataplatelet counts
with either regimen except for three studi@ertrand et al 2011, Bussekt al 2010, Bussekt

al 1996) Five of 10 fetuses who had failedternallVIG 1g/kg/week aloneor in combination
with dexamethasone had a mean increment in platelet co8B6tf10/I with the addition of
prednisone‘administered to the mother in one sfBdgse] et al 1996) Consequently, in a RCT
reportedoy Busselet al (2010), prednisoneas addedo the mother’s regimeif fetuses did not
have a satisfactory responsanaternal administration @&g/kgiveekof IVIG in pregnancies
where the previous fetus/neonate had an ICH. The platelet codives ireonates were above
50x10/I with the addition of prednisorte the maternaVIG regimen Bertrand et a{2011), in

a non-randomized study, reported a significant difference in the number of newhetimgne
postnatal treatment: 26% with the maternally administBré&@ and corticosterois, versus 59%
with maternalvIG alone (p = 0.01). No statistically sigieant differences in the mean neonatal
platelet countier severe thrombocytopenia were obséBeatkand et al 2011) The highest
mean newborn platelet count for a combinatiomaternalVIG and corticosteroids was
135x10/L.eompared to 89x£0 with maternalVIG usealone. The proportion of newborns with
severe thrombocytopenia (less than 504)@&as 27% withthe use of matern&VIG and
corticosteroids and 44% withe use of matern&/IG alone. Maternal treatment with
dexamethasone at a dose &6 &1g/day has been associated with oligohydramnios and was not
effective atia.dose of 1.5 mg daily when added to I{BGsse) et al 1996, Lynchet al 1992)

The ideal gestational age at which to initiate-irorasive treatmerto the mothers
unknown._The time to initiateaternalVIG has been described to range from 12 to 32 weeks in
the studies.identified. (Winkelhorst al 2017) The aim is to prevefdtal/neonatal CH andits
potential associated complications. Approximately 54%etafl ICHs have been described to
occur beforergestational week @8ller, et al 2013)As fetal platelet antigens are expressed and
may enter the,mother’s circulation at even earlier tharl6 weeks gestatiqiGruel et al 1986)
IVIG administered to the mother most commonly commenced at 12 to 16 weeks gestation in

women who had a previously affected infant with ICH, and, in the absence of a pi&Hi @
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20-24 weeks gestation. The optimal duration of Na@ninistration to the mothéas not been

determined but treatments are commonly continued throughout pogygnan

Invasive Strategies

FBS.is.not commonly performdmbcauseomplication rates as high as 11% have been
reported; 25%.0f the time leading to fetal or neonatal(M&skelhorst et al 2017) The most
frequent complication has been the need for an emer@aaesarean sectig¢@-section)mainly
due to fetabistress, of which approximately half resulted in a delivery before 34 weeks
gestationWinkelhorst et al 2017)If FBS is considered, it shoutshly be performed by invasive

fetal medicinesspecialists.

Delivery Recommendations:

18. If thefetal platelet count isunknown, a planned delivery should be performed (very
low evidence, strong recommendation).

19. If thefetal platelet count isunknown, assisted ddlivery and invasive procedures on
the fetusduring delivery should be avoided, including for ceps, vacuum-assisted
delivery, scalp blood sampling and scalp electrodes (very low evidence, strong
recommendation).

20. A cord blood sample should be sent for platelet count deter mination immediately
after.delivery (low evidence, strong recommendation).

21. HPAs=selected platelets should be available at the time of delivery (low evidence,

strong-recommendation).

Rationale

There are no trials evaluating the most appropriate mode of delivery and @ seti
vaginal deliveries are used at different centnésrnationally. A prospective study of 200
pregnancieswith FNAIT identified that all 17 postnatal ICHs occurred within 24léliokry,
suggesting'deliveryelated trauma may have triggered neon&hl.(Ghevaertet al 2007b)
Elective Gsection is used routinely in soroentresor very high risk patients, especially those
who have had a previous fetus/neonate with ICH, high level oHi-1a antibodies (> 3

iu/ml), and/or patients who have never delivered vaginally. A prospective studyiagsbe
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safety of delivery for FRIT pregnancies reported that 72% (23/32) of the mothers delivered
vaginally and no neonates suffered ICH. Of note, four neonates had severe thropdioayt
and three were delivered vaginallyan den Akkeret al 2006) Vaginal birth remains an option,
especially_for women with a history of uncomplicated vaginal birth.

FBS.with platelets available is offered by some fetal medm@meresexperienced in
invasive fetal procedures to determine mode of delivery, e.g. to allow inductidroaf &nd
vaginal'delivery'immediately aften utero platelettransfusion to ensure the post-transfusion
platelet countis above 50xII0

A planned delivery permits for the availability of HR&lected platelets at the time of
delivery. Adower rate of FNAIFrelated adverse events has been reported when neonates were
delivered with early &ection and antigenegative platelets were immediately administered
(KjeldsenKraghy et al 2007), demonstrating the benefit of having antigegative platelets
available at delivery. Procedurssich as forceps, vacudassisted delivery, scalp blood
sampling and scalp electrodes should be avoided as they potentially increase thielestiog

in a thromboeeytopenic fetus.

Universal"Mater nal HPA Screening Recommendation
22A11 pregnant women should probably be screened for HPA-1b1b in their first
pregnancy if the cost effectiveness of detection is acceptable and a management
schemeisin place (low evidence, weak recommendation).
Rationale
Theeurrent management of pregnancies with FNAIT depends predominantly on the
identification of a fetus/neonate with thrombocytopenia, with or without ICH, coediroy
laboratory_ testing. Ideally, pregnancies at risk should be idenéfpetbri to reduce the risk of
ICH. Currently, pregnancies are not routinely screened for HPA because oaumgeggarding
the optimal antenatal approach if an HPA discrepancy is identified, the alfetefined
prophylaxis-and cost effectiveness. Three studies assessed cost effectivenesninfjsaie
pregnant wemen for HPAa associated FNAIT (Append86 Tables S17/519)(Durand
Zaleski et al 1996, Killie, et al 2007, Turneret al 2005)The screening algorithms differed. One
considered costs for three screening algorsttimat varied by whether an HPA antibody was
present, the concentration of the antibody and presence of HLA DRB3*KItldd,, et al 2007)
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Postnatal screening of neonates for thrombocytopenia was compared to nsateserdhg in the
second study.(Durandaleski et al 1996)Lastly, maternal HPALa screening followed by
genotyping of tk partners was analysadcording to whether mothers had HPA

antibodieq Turner, et al 2005) The analyses varied in the frequency of antibody testing,
inclusion of.antenatal IVIG, cost of investigation, treatment of neonatesgsioclof longterm
costs of neurological disability and the disutility of informing mothers their fetuses had a
discodant'platelet antigen. Screening was considered to be potentially cost effective if the cost
of HPA-1atyping, diagnostic accuracy of antibody and/or HLA DRB3*01:01 determination to
direct antenatal intervention, and cost of antenatal intervention, wihie acceptable
expenditures.of health care systemigh the caveat that the optimal antenatal approach to
prophylaxistand treatment is unknown. Generalized screening does not appbrsoofist
females with FNAIT as they should be screened.

Discussion

Thetintent of this guidance document is to facilitate identification and management of
FNAIT. Based on recommendations in this document, we developed algorithms Bigure
separate podcasts for physicians and patients, pamphlets for patients, anded slideide
practice (available at ictmg.org).

There continues to be a pressing need for additional collaborative resedtbliAtor
Antenatal andipostnatal strategies need further optimization. The use of HPAbbdyant
concentratiens-and biomarkers to guide antenatal management needs continuetiagxplora
Morbidity resulting from the psychological stress of families at risk for FNAIT has yet to be
addressed in any study. Reducing the morbidity and mortality of FNAIT amdatsients
remains a prioty, as doeshedevelopment of screening algorithms to prevent occurrence of
FNAIT.

Disclaimer

The International Collaboration for Transfusion Medicine Guidelines’ (MGT) guidelines are

prepared by ICTMG guideline development groups and are approved by ICTMGenséip.
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The ICTMG guidelines should be used in the context of applicable medialatedethical

requirements in any individual case.
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Table | References used for guidance on FNAIT

Guidelinetopics Number of citations included

Randomized studies Nonrandomized studie

Postnatalimanagemer 0 13
Antenatal imanagemer 5 24
Economic.Studies for 0 3
Screening

HPA alloimmunization 0 15
HLA DRB3*0101 as 0 13

risk factor for

alloimmunization

Non-invasive prenatal 0 3
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testing

FNAIT: fetal and neonatal alloimmune thrombocytopenia; HLA: human leucacyigen; HPA: human

platelet antigen

Table |l mRecommendationsfor FNAIT Interventions

Postnatal

1.

If there is clinical suspicion of FNAIT, manage as FNAtithout waiting for
laboratory confirmatiofimoderate evidence, strong recommendation).
Balance of harms and benefits: Thrombocytopenia in the neonate may
predispose infants to major bleeding (intracranial, gastrointestinal).
Suggestionsfor practice: Screen the neonate for intracranial bleedind) an
transfuse according to recommendations. Genotype mother and father fg
HPAs or the mother and the fetus. Genotyping results are unlikely to be

available immediately.

If a platelet transfusion is indicated, HPA-selected platelets should bef usg

immediately available (moderate evidence, strong recommendation).

If HPA-selected platelets are not immediately available, HPA unselected

platelets should be transfused (moderate evidence, strong recommendat

Platelets should be transfused immediately iftlifeeatening bleeding is
present (moderate evidence, strong recommendation).

Balance of harms and benefits: Waiting for HPA-typed platelets may be
associated with poorer outcomes.

Suggestionsfor practice: If a platelet transfusion is indicatéal the neonate
and if HPA selected platelets are not immediately available, HPAealected
platelets should be transfusédHPA-1a negative platelets are transfused a

if the platelet increment is inadequateykdor other HPA discrepancies.

=

on).

nd

Platelets do not need to be HLA typed. In the rare circumstance where either

HPA unselected or HPA selected platelets are not available; thieiseonate
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with IVIG 1 g/kg. If there is a response to IVIG, it will not ocduefore24 to
72 h whereas the neonate requires an increment immediately if there is
bleeding or if the platelet count is less than 38#1G maternal platelets are
transfusedo the neonate, they should be washed to remove HPA antibod
irradiated topreventransfusiorassociategraft-versus-host disease.
[rradiation of the platelet product should not delay administration. The
standard dose of platelets in accordance with local and national guideling

warranted.

If an ICH is suspected clinically, do not delay platelet transfusion while
awaiting confirmation by imaging studies (very low evidence, strong

recommendation).

In the presence of lifehreatening bleeding in a neonatach as intracranial g
gastrointestinal bleeding, platelets should be transfused to maintain plate
counts initially above 100x20 and then above 50x¥Dfor at least 7 days

(very low evidence, strong recommendation).

y and

S IS

let

In the absence of lifthreatening bleeding in a neonadeach as intracranial o
gastrointestinal bleeding, platelets should be transfused to maintain a pla

count above 30x20l (very low evidence, strong recommendation).

telet

A cranial ultrasound should be performed to screen for ICH in all neonate
suspected of FNAIT within 24 h of delivery (very low evidence, strong

recommendation).

A neonate with FNAIT should have platelet counts monitored until the
platelets are normal in the absence of treatment (very low evidence, stror

recommendation).

Antenatal

10.

Women with FNAIT in a previous pregnancy or sisters of women with FN
should be referred to fetal medicioentreqvery low evidence, strong

recommendation).

11.

Fetal HPA typing, preferably using non-invasive methods, if adequatelyyq
assured, should be performed during pregnancy when the father is unkng

unavailable for testing or heterozygous for the implicated antigen (moder

wn,

ate
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evidence, strong recommendation).

Balance of harms and benefits: The alternative is amniocentesighich is
associated with risk of fetal demise.

Suggestionsfor practice: If the father is homozygous for the antigen in
guestion, the fetus should be presumed to be affected. If the father is
heterozygous, 50%f the fetuses will be affected. If the fattis heterozygou
or antigen typing for the father is not available, fetal genotype can be
determined by assessing cell free fetal DNA for HRAor by typing of
amniocyte DNA. Samples for non-invasive prenatal testing can be sent t¢

Sanquin (Netherlands) or Tissue and Blood Banks (Barcelona, Spain).

[92)

12.

In patients identified by screening or sisters of patients with FNAIT, the
presence and/or concentration of HPA antibodies in subsequent pregnan
may be useful to determine the risk of FNAIT (low evidence, weak

recommendation).

cies

13.

Consecutive assessments of levels ofdR#\-1a antibody in HPA-1a-
immunised women, using the MAIPA, may be useful in identifyireyisk of
FNAIT. Antibody levels should be expressedufml, not as titresif used for

this purpose (low evidence, weak recommendation).

14.

HLA DRB3*01:01 typing of HPA-1b1b women (including sisters) conside
pregnancy should be used to identify women who have a low risk of
developing antHPA-1a antibodies (moderate evidence, strong

recommendation).

157

Antenatal IVIG administration tthe mothercommencing at 126 weeks
gestation should be offered to all women in a subsequent pregnancy with
maternal fetal incompatibility who have had a previous fetus or neonate
FNAIT -related ICH (very low evidence, strong recommendation).
Balance of harms and benefits: Benefits outweigh harm#laternal
administration ofVIG appears to reduce the risk of fetal/neonb@i. The
frequency oiminor adverse events to IVIG in the maternal population is ng
increased compared to then-pregnant population.

Suggestionsfor practice: IVIG 1 g/kg/week at 1216 weeks, increase to 2

vith
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g/kg/week at 20 weeks WIG 1 g/kg at 1216 weeks, add corticosteroids at
mg/kg/day at 20 weeks IVIG 0.5 g/kg at 126 weekdor the entire
pregnancy otVIG 2 g/kg/week at 1216 weeks for the entire pregnarmy
IVIG 2 g/kg/week at 12-16 weeks, add corticosteroids 1 mg/kg/day at 20
weeks. If 2 g/kg/week is used, as this is a high dose, mothers should be
monitored forhaenolysis, particularly if the patient is bloogroup A, ABor

B, as higher doses of IVIG are associated with increased riSkGf

associated haeutysis.

167

For all other pregnancies with a previous neonate with FNAIT (without,IC
administering antenatal I1VIG to the mother should be discussed prior to g
subsequent pregnancy or when pregnancy with maternal fetal incompatik
is confirmed (very low evidence, strong recommendation).

a. If antenatal intervention is required, IVIG administration to the mot
should be started between 20 to 22 weeks (and not later than 24 W
gestation (very low evidence, strong recommendation).

Balance of harms and benefits: IVIG appears to reduce the risk of
fetal/neonatalCH. The frequency of adverse events to IVIG in the matern
population is not increased compared to the non-pregnant population.
Suggestionsfor practice: IVIG 1 g/kg/week IVIG 2 g/kg/week IVIG 1
g/kg/weekandcorticosteroids 1 mg/kg/dadministered to the mother are
options for treatment. If 2 g/kg/week is used, as this is a high dose, patier
should be monitored fdraenolysis,particularly if the patient is blood group
A, AB or B, as higher doses of IVIG are associated with increased risk of
IVIG -associated haentysis.

1

ility

her

yeeks)

nts

17.

If corticosteroids are used with IVIG, dexamethasone should not be used
because of the associated risk of oligohydramnios (low evidence, strong

recommendation).

Delivery
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18.

If the fetal platelet count is unknown, a planned delivery should be perfor
(very low evidence, strong recommendation).

Balance of harms and benefits: Early delivery is associated with higher risl
of fetal complications.

Suggestionsfor practice: Delivery at more than 37 weeks is suggested in t
absence of suspected fetal thrombocytopenia. The ris&esforrhage has not
been well described. Fetal platelet counts less than &0ii0ery
experienced centrdgave not been associated with increased risk of bleedi
HPA-selected platelets should be available at the time of delivery for the

neonate.

KS

he

19.

If the fetal platelet count is unknown, assisted delivery and invasive
procedures on the fetus during delivery should be avoideldding forceps,
vacuume-assisted delivery, scalp blood sampling and scalp electrodes (ve

evidence, strong recommendation).

ry low

20.

A cord blood sample should be sémt platelet count determination
immediately after delery (low evidence, strong recommendation).

21.

HPA-selected platelets should be available at the time of delivery (low
evidence, strong recommendation).

Balance of harms and benefits. HPA-selected platelets are associated with
higher platelet incremenis the neonate compared to non HB&ected
platelets. If delivery is not planned, HP&lected platelets may not teadily

available.

Suggestionsfor practice: HPA-selected platelets should be available at the

time of delivery if feasible. HPAselected are defined as platelets having th
same HPA genotype/phenotype of the implicated antigen as the mother.
Otherwise HPA nosselected platelets should be available. Some centres
ensure that red blood cells negative for the imptidadPA antigen are
available for the mother in case she has bleedmgeduce the risk of the

mother developing post-transfusion purpura.

174

e

Screening
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22.

All pregnant women should probably be screened for HPA-1b1b in their f
pregnancy if the cost effectiveness of detection is acceptable and a
management scheme is in place (low evidence, weak recommendation).
Balance of harms and benefits: Screening magetect women at increased
risk of adverse pregnancy outcomes. Screening may expose women to
unnecessary antenatal intervention. The clinical and cost effectiveness h
been established.

Suggestionsfor practice: If HPA incompatibility is identified irpregnancies
by screening, women should be directed to comprehensiveamres HPA
alloantibody determination and HLA haplotypes for HPAcompatibility
can be used antenatally to determine risk and guide antenatal interventio|
an HPA alloantibog is present, serial titres may be useful to determine ris
e.g. increasing titres are associated with a risk of FNAIT. If an-BH&A
alloantibody is not present, HLA haplotypes may be used determine risk
alloimmunization. The absence of HLA DRB3*01:@lassociated with very
low risk of FNAIT. Alternatively, platelet products are made available on t
day of delivery and neonatal platelet counts are determined immediately
following delivery to determine if there is a need for platelet transfusion if

antnatal intervention is not offered.

Aas not

n. If

ne

Please see Append8é6for clinical considerationeegarding administration of IVIG

FNAIT: fetal"and,neonatal alloimmune thrombocytopenia; HLA: human leucacyigen; HPA: human

platelet antigen;/ICH: intracranial haemorrhage; IVIG: intravemmusunoglobulin MAIPA:

monoclonal antibody immobilization of platelet antigen assay.

Figurelegend
Figurel

A. Postnatal Algorithm for FNAIT
B. Antenatal Algorithm for FNAIT
Please see Tablefor potential treatment algorithms.
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FNAIT: fetal and neonatal alloimmune thrombocytopenia; HLA: human leucacyigen; ICH:
intracranial haemorrhag®tIPT: noninvasive prenatal testing
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