10/11/2019

MIDWEST FETAL CARE CENTER

Hemolytic Disease of the

Fetus and Newborn
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* 1950’s 15% of affected gestations resulted in stillbirth

« Correlation by Bevis and Walker between amniotic fluid levels of
bilirubin and postnatal kernicterus

« Liley curve decreased perinatal mortality from 22% to 8.7% from

< Liley introduced concept of intra-peritoneal transfusion for most
severely affected cases
« First successful IUT in 1963

1958 - 1962 « Over next 6 years
« 275 procedures
o 67 stillbirths
as]- E ! + 21 neonatal deaths
»: =] = « 51 survivors (37%)
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Pathogenesis Chlerens. Aratthh Pathogenesis Chilerens Alnabstih
« RBCs express antigens by 30 days of gestation Maternal Response
+ Feto-maternal hemorrhage during birth main factor « Innate immune system identifies/destroys foreign cells
+ Exposes mother to foreign antigen = ALLOIMMUNIZATION « Foreign antigens presented to the humoral immune system
« B lymphocytes respond rapidly to future exposure with IgG
Unprovoked Frovoked Antibodies
Iiopathsc-sponstancous “Terménation of pregeancy
Delivery Amniosentesis Fetal Response
Spostancous abortion Charionic villus sampling + How much antibody is made
Eetopic pregnancy Cordocentesss « Can it cross the placenta Extravascular hemolysis
(LI e - Does the fetus react to it
Antepartum hemomhage Fetal intervention - fetascopy, shunt, drainage
Trauma
Manaal removal of placenta
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RBC Antibodies - Risk of HDFN it At

Rh Alloimmunization Frequency "o "=

Childrens. AllinaHealth

* 638 Canadian Women with alloimmunization
+ Ant-E  43%
* Anti-c 13%
+ Anti-Jka 9%
+ Ant-C 5%
+ Ant-D  0.4%
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No HDFN

+ Lewis lives

« “LIP”

« Lutheran, I, P

« Duffy; Fyb
Risk of HDFN Eihaicity T W negative
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Prevention of Rh(D) ST A ¢
Alloimmunization

+ Antibody screen at first prenatal visit
+ 28 weeks
* Repeat Antibody screen
+ 300mcg RhIG
+ Delivery
* 300 mcg RHIG - 30cc feto-maternal hemorrhage
* 0.3% of deliveries > 30cc feto-maternal bleed
*  50% without obvious risk factors
« ACOG/AAB recommend routine screening for excess hemorrhage
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Administer within 72 hourse of event
Some protection up to 13 days
Not effective once sensitization occurs

RhoGAM® (Kedrion Biopharma, Inc.) IM only
BayRho® (Bayer Corporation) IM only

WinRho SDF® (Cangene Corporation) IM or IV
Rhophylac® (CSL Behring) IM or IV
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Diagnosis Alloimmunization cumms ssas

« Maternal antibody screening at first prenatal visit
+ Repeat at 28 weeks (AABB)
+ Indirect Coombs
Maternal plasma incubated with RBCs of known antigenicity
Agglutination = positive test
Successive dilutions to determine antibody level

antiglobulin test
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Management of First o
Sensitized Pregnancy

Is fetus at Risk?

— Paternal Evaluation
+ Antigen present?
« Zygosity of antigen?

— Paternity assured ?
+ 67 studies summarized
« High paternity confidence
Non-paternity: 1.7% (0.4 — 11.8%)
Low paternity confidence
Non-paternity: 29.8% (14.3 — 55.6%)
« Unknown paternity confidence

Non-paternity: 16.7% (2 - 32%)
o217
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Sensitized Pregnancy s s

If fetus at Risk
+ FOB homozygous — assume fetus affected
» FOB heterozygous — 50% chance not affected
« Amniocentesis
« cfDNA
Rh(D) in the US
+ Kell, Rh(C), Rh(E) in Europe

First Trimester | Second Trimester | Third Trimester
N 467 458 433

Indeterminate 5.6% 5.7% 6.1%
False pos 1.54% 1.53% 0.82%
False neg 0 0 0
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Monitoring for Fetal Anemia

+ Critical titer
« Titer at which fetus is at risk of severe anemia
» Denotes when ultrasound should begin

« 1:16 for all except Kell
«  1:4 for Kell
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MCA Doppler Childrens. Allns Health e
+ MCA-PSV > 1.5MoM predicts moderate to severe anemia
+ Sensitivity 100% (95%Cl: 86-100%)
+ False positive rate 12%
+ Negative predictive rate 100%
* www.perinatology.com
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MCA Doppler - Technique Cidres Alvatostrt

<15° 33 cm/sec

38 cm/sec

39 cm/sec

29 cm/sec

o1 Abel etal. Am J Obstet 2003;189: 986-9
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Childrens. Allns Health e
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MCA-PSV prior to 18 Wks Cildrrs. Atvabostnt

Nomogram of predicted MCA PSV at the 5, 10t, 90" and 95" percentiles
and 1.5 MoM for 11 to 18 weeks gestational age

MCA PSV, cm/s

Timing of IUT MIDWEST FETAL CARE CENTER
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MCA peak velocity

GA. wk ol [ i 90™ 95" 1.5 MoM

11 3.2 52 10.7 15.2 19.5 16.1

12 4.5 6.5 12.1 169 212 182

13 5.8 18 13.6 185 228 20.3

14 7.1 9.0 15.0 20.2 4.5 224

15 5.4 10,3 164 21.8 26.1 24.5

16 9.8 115 17.8 234 217 26.7

17 11.1 12.8 19.2 25.1 294 28.8

18 124 14.1 20.6 26.7 30 309
©2017 Adapted from Tongsong et al. J Ultrasound Med 2007; 26:1013-7 19
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Setting

« In/close to OR
« Sedation anesthesia
« Prophylactic Abx,
tocolysis
Fetal Site
« Placental cord insertion
* Hepatic portion of the
umbilical vein
« Free loop
« Intraperitoneal
* Intracardiac
Medications
+  Vecuronium 0.1mg/kg
« Fentanyl 2mcg/kg

Midwest Fetal Care Center | 21
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Intrauterine Transfusion Gilleen. At

Amount to Transfuse
+ EFW x 0.02 = volume of PRBCs to increase the Hct by 10%
« Based on donor Hct of 75-80%
* No more than 4 fold increase in Hct

Transfusion Interval
* MCA-PSV vs Empiric interval
* MCA-PSV >1.69MoM
* Hgb decreases;
« 0.4mg/dL/day after 1st lUT
« 0.3mg/dL/day after 2" [UT
« 0.2mg/dL/day after 3¢ IUT
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Intrauterine Transfusion Chllrens. Aot

Complications
* Fetal bradycardia
* 2% emergency cesarean
* Infection 0.3%/procedure
* PPROM 0.1%/procedure
« Bleeding, fetal needle injuries, arterial spasm, alloimmunization

Delivery
+ LastIUT at 34wéed
* 7-10 days of phenobarbital
« Delivery at 37-38 weeks
» Cl/sec for routine obstetric indications

©2017 Trevett et al. Am J Obstet Gynecol 2005;192:478-82 23
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Immunomodulation Chldrens Aathtts

« Intravenous access “difficult” prior to 18 weeks

« 30-60% of maternal IgG antibodies cross the placenta by 12 weeks of
gestation

« Intraperitoneal transfusions can be used, but can we delay the passage of
antibodies into the fetal compartment?

« Plasmapheresis followed by weekly IVIG 1g/kg has been shown to delay
the timing of first transfusion and improve outcomes
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Immunomodultaion i, Al
Past Treated
pregnancy pregnancy
Perinatal loss 7/9 0/9
GA at first IUT (wks) 22.3+3.1 242+33
Fetal Hct at first [UT 15.0+8.2% 23.2+5.5%
02017 Ruma et al. Am J Obstet Gynecol 2007;196:133e1-138e6 55
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* Anticipated 2° mechanism for
EOS-HDFN.

* Observed in First-in-Human and non-
human primate toxicology studies

« Antici 1° ism for preventing
EOS-HDFN

* Proof of concept in cynomolgus
EFD/2PPND study
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Neonatal Follow Up -HDFN

Immediate Neonatal Period
+ Risk of ongoing anemia

Saade et al. Fetal Diagn Ther 1993:8:161-4

+ 36 infants

« 50% required top up transfusions

« Mean 38 days (range 20-68 days)

Weekly Reticulocyte and Hct until stable/increasing x 2

Long Term Follow Up
+ LOTUS Trial
« 291 children IUT’s between 1988-2008
« Overall neurodevelopmental impairment 4.8%
« Cerebral Palsy 2.1%(Dutch baseline 0.7%)
« Severe developmental delay 3.% (Dutch baseline 2.3%)
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The Future

Momenta developed a monoclonal antibody for the prevention of
HDFN in patients with a high risk of developing HDFN early in
pregnancy

An open label interventional trial is ongoing in US, Canada, Europe,
Israel, and Australia

Primary outcome is proportion of live births at or after 32 weeks
without IUT

©2017

©2017

MIDWEST FETAL CARE CENTER
Outcomes
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491 fetuses with 1422 transfusions

» Overall perinatal survival: 91%

+ Survival when hydrops present: 83%

» Survival when hydrops not present: 95%

Lindenburg et al. BJOG 2013: 120:847-52 28
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