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m The questions are the same as the paper
scantron sheet used in the past.
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= This will save the information.
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Answer for Speaker 1
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Page 5 — General

i

Objectives

m Discuss the etiology of HDFN.

m Discuss laboratory tests involved in
HDFN.

m Discuss Rh Immune Globulin.

Question 1

m Which of the following is the volume of
Rhlg administered in the US?

i

Question 2

m When is antenatal Rhlg administered?
m 20 weeks gestation

28 weeks gestation

32 weeks gestation

38 weeks gestation

s A, 300 ug

= B. 120 ug

m C. 50ug

s r A
Question 3

m First pregnancy, mom is O neg, baby is
A+ with +DAT. Which antibody is
most likely the cause of the +DAT?
= A, anti-A
= B. anti-B
m C. anti-AB
m D. anti-D
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Question 4

m Which subtype(s) of IgG is (are) most
often implicated in HDFN?

m A IgGl
= B. IgG2
m C. IgG1and IgG2
= D. IgG3
m E. IgGland IgG3
= S
Question 6

m Calculations are done for a FMH and
the number of Rhlg vials needed are
2.4. If you add a vial for safety, what
is the correct number of vials needed?
= A 3
m B. 4

&
Question 5
m Which is the most common cause of
HDFN?
m A anti-A
m B. anti-B
m C. anti-A,B
s D. anti-D
i o] &
Etiology

m fetus inherited antigen from father

= avoid donation of blood from father to
mother

m mom lacks the antigen, exposed
through
m pregnancy
m transfusion
m transplantation
m forms IgG antibody

i

Fetal Maternal Hemorrhage

m possible exposure through pregnancy
m 3% - 1st trimester
m 12% - 2" trimester
m 45% - 3" trimester
m highest risk for large bleed at delivery

= il &
Conditions
m 1gG - cross placenta
m 1gG1 and 1gG3 — more hemolysis
m cause destruction of fetus’ RBCs
m asymptomatic to intrauterine death
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Mechanism

m active transport of 1gG across placenta
m IgG sensitizes fetal cells
m cells removed by mononuclear
phagocytic system (RES)
m cell destruction
m before and after birth
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Before Birth

m cells hemolyze - unconjugated bilirubin
m indirect bilirubin crosses placenta
m maternal liver breaks bilirubin down
m excreted

®m anemia

m fetus attemps to compensate

Before Birth

m compensation
m increase cardiac output
m increase retics and NRBC
w erthroblastosis fetalis
m enlarged liver and spleen

m secondary to extramedullary hematopoiesis
and portal hypertension

= hydrops fetalis

Before Birth
m hydrops fetalis

m  enlarged liver
= decreased albumin production
= decreased plasma oncotic pressure
= generalized edema
m ascites
m edema interferes with organs
= cardiac failure
m tissue hypoxia
= death in utero
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Timing
m severe HDFN

m as early as 18 — 20 weeks

m severity increases with subsequent
pregnancies

After Birth

m unconjugated bilirubin not removed

m newborn liver immature

m toxic levels of bilirubin buildup in brain
= kernicterus
= 25 mg/dL in full term; 8-12 mg/dL in premie/sick
= permanent brain damage, if survwes mental

and physical deficiencies r
m death I - -
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Doppler Ultrasonography

m fetal middle
cerebral artery

m peak blood flow
velocity

m correlates with
severity of anemia

m usually indicated
with titer >32
after 16 wks
gestation

{_figd_500,jpg

Liver After Birth
MCA-PSV
m middle cerebral artery peak systolic
velocity

m faster blood flow -lower hematocrit
m non-invasive

m diagnostically equivalent to
aminocentesis

m IUT or early delivery (<34 weeks)

Amniocentesis

m rarely used
m needle inserted into abdominal wall
m into amniotic sac
m risk of fetal maternal hemorrhage (FMH)

= aliquot amniotic fluid for bilirubin analysis
= A ODgg
= estimate of bilirubin level




Amniocentesis

www.hospitalelrosario.com/ Obstetricia.htm

&
Comparison
m before birth m after birth
= ANEMIA = UNCONJUGATED
= inc. retics BILIRUBIN
= NRBC = liver can't
= enlarged breakdown
liver/spleen m  deposits in brain
= heart failure = kernicterus
= death = brain damage and
death
e 4 r A

®  MOost common - least severe
= incidence only 1-4%

m first infant affected - preformed ABO antibodies
m rare for severe anemia
m  ABO antigens not fully developed until after
birth - usually cases subclinical
m antibodies neutralized
m tissue and soluble antigens

b
Types of HDFN
m ABO
m D
m others
b

¥
ABO antibodies
m HDFN — anti-A,B - worse case
= O mom IgG anti-A,B
m  European or Asian ancestry - A baby
= African ancestry — B baby
m HDFN -anti-A and anti-B from B or A person
m  usu. less severe, mostly IgM

= ; & =Sash
Scenario — first pregnancy, no
previous transfusions

@ Baby

Group A pos

:Ab— ! anti-AB
anti-B
anti-A"
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Scenario- first pregnancy, no

previous transfusions

@ Baby

Group B pos
anti-B

L=

very little 1gG anti-B

4

Anti-D

m most clinically significant, fairly rare

m Rh immune globulin - commercial anti-D
first pregnancy without RhIG

m no preformed anti-D

m 0.1 -1 mL can stimulate an antibody
second pregnancy

m preformed anti-D

all D negative woman at risk

D antigen fully developed at birth
anti-D - IgG1 and 1gG3

Scenario () Baby
@ Mom Group B pos
(\
B neg anti-A
anti-A - °

m first pregnancy-no Rhig
m anti-A can't attach

m mom becomes sensitized to D antigen -
memory cells

@ Baby

Group B pos

B neg anti-A
anti-A ___~—  anti-D==
anti-D

m second pregnhancy
m anti-D titer rises with D+ fetus
= HDFN

&
ABO Incompatlble Beneflt
Mom Baby Dad
. anti-A Q
anti- B §
anti-A
G AQ
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ABO incompatibility

m before Rhlg

m D neg mom’s with D+ infants who
became immunized
= 16% ABO-compatible
m <2% ABO-incompatible

m protection
= 90% with Group A incompatible fetus
= 55% with Group B incompatible fetus
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D Negative Phenotype

m most common in European ethnicity
m 15%-17% - deletion of entire D gene
m in African-American ethnicity

m 8% - 37 bp insertion, premature stop
codon

m rare in Asian ethnicity
m <0.1% are D neg
m 10%-30% who type D neg are D,

= ors &
Frameshift _
m add or delete one or two nucleotide
AUG UCG AAG GAA GCA
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Altered D antigens

m weak D — “Du”

m partial D - mosaic
D, — only detected with elution
nonfunctional D

|

m determination depends on

m typing method

m typing reagent

new system- nucleotide substitutions

AABB Technical Manual, 19" ed., p 303

i g

Amino Acid position D antigen

Cover of Transfusion, Vol. 58, No. 2, February 2018

fl ‘o
Altered D Antigens
m weak D

m result of SNP — different amino acid

m change found in intracellular or
transmembrane region

m affects insertion of polypeptide
reduced number of D antigens

m type 1 most common
mtypes 1, 2, & 3 - 90% of European ethnicity
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Molecular testing — D weak

m determine weak D phenotype

m typesl, 2, 3,4.0,0r4.1
m 95% of all Caucasian weak D phenotypes
= no reported alloimmunizations to D
m types 1, 2, or 3 — do not need Rhig
= considered Rh pos
m type 4.0 or 4.1 — remains under investigation

= not necessarily considered Rh pos; should receive
Rhig

m types 4.2, DAR, 11, 15, 21, and 57
= have formed anti-D — should receive Rhlg

Dw Positive Mom’s and Rhlg

m Weak D types 1, 2, and 3
m can be treated as D+ in pregnancy
m D genotyping cost similar to
unnecessary Rhlg administration
= AABB
m College of American Pathologists

m American College of Obstetricians and
Gynecologists

m Armed Services Blood Program

i

Partial D
= D positive with anti-D (" -+l
m hybrid genes : :
m portions of D genes replaced with
portions of CE genes
m loss of some D epitopes
m generation of new D antigens
m |ocated on exterior membrane surface
m or are internal but alter extracellular
epitopes

&

Partial D and Rhlg

m many type as a strong D pos on IS

m African ethnicity
= most common to form partial D with anti-D

m genotype could avoid this

i

Del

m extremely low levels of D antigen

m detected after adsorption/elution

m 10% - 30% of D neg Asian ethnicity
m several different gene mutations

m 0.027% in European ethnicity
m different gene mutations

&

Nonfunctional D

m don't code for full-length polypeptides
m nulls
m no expression of D antigens




ABO/D HDFN Comparison

ABO/D HDN Comparison

ABO D
Antibody anti-A,B; occ. anti-D
anti-A, anti-B
Anemia absent or mild severe
Spherocytes |increased occasional
Retics may be increased |increased
DAT weak/neg strong
g A

G

Other antibodies
m <5% of all HDFN

m moderate to severe disease

E,c,C

k, Kpa, Kpb, Ku, Jsa, Jsb

Jka

Fya, Fyb

S, s, U

ignore anti-P1, -Lea, -Leb, -I

ABO D
Bilirubin slow rise / rapid rise / can
low mg% exceed 20 mg%
Jaundice mild, appears |severe, appears
late early
Exchange rare usually
Transfusions
NRBC increased increased

Other 1gG antibodies

m antibodies - low prevalence antigens
m fetus has positive DAT
® mom’s antibody screen negative

m perform eluate to determine what's on
the cells

= eluate will not react with screening cells

m eluate will react with father’s cells and
possibly some siblings

Diagnosis and Treatment

= OB workup
m first visit - history
= ABO and D typing, antibody screen
= id antibodies

u if 1gG, titer <32, repeat every 4 weeks
beginning at 16-20 weeks gestation

m repeat every 2-4 weeks last trimester

u titer >32, color Doppler imaging after 16
weeks gestation

Jane Smith
m titers
m highest dilution - 1+
m titers > 16 clinically significant
m <16 unlikely to cause HDFN or hydrops fetalis
m freeze 8/3 for future comparison
m technique and RBC differences

112 |4|8 |16|32|64|128|256|512|1012

8/3|1|+|0j0|0 |O O |O |0 |0 |O

10
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Jane Smith

12|48 |16|32|64|128 256 |512|1012

8/3 |2|11|+0|0 0 O[O (O |0 |O

8/17|2|1|/1|+|0 (O (O (O |O |0 |O

m significant change?
m only 1 tube change
m titer <16

= | o A

Jane Smith

1(2|4|8 |16|32|64|128 256|512 1012

8/3 |2|1|xj0|0 |0 |O |[O |O |0 |O

8/17\2|2|2j1|1 |+ |0 |0 |O |0 |O

m significant change?
m titer— 16
m difference of three tubes

Anti-K

m clinically significant at titer of 8
m compared to anti-D
m less hemolysis than anti-D, less bilirubin

= reduced reticulocytosis and
erythroblastosis

m K expressed very early RBC precursors

m significant anemia due to suppressed
erythropoiesis

s Y - V. :ﬂ\'u

Fetus and Neonatal Transfusion

m Intrauterine (IUT) - fetus
m Exchange - neonate

. 4 ‘ﬂ‘
Intrauterine Transfusions (1UT)

m treat life-threatening anemia
m deliver antigen negative cells
m suppresses fetal erythropoiesis
m |UT through intravascular method
preferred
m fetal umbilical vein — cordocentesis
m direct measure — hgb, hct, bilirubin, blood
type, DAT, antigen type
m risk to fetus

s Y - V. :ﬂ\'u

Cordocentesis

11
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Selection of Blood - IUT

m crossmatch compatible with mom’s plasma

m negative for antigen corresponding to
mom'’s antibody

m irradiated — prevent GVHD
m recommend

m CMV neg or leukoreduced
m sickle neg

m cells < 5-7 days old

il o

Selection of Blood - IUT

m routinely - O, D negative
m can give D positive
m anti-D not a problem
m infant is D positive
m high prevalence antigen
m mother’s cells

= washed or frozen and deglycerolized
m irradiated

] 3

Alternative Treatments

m too early in gestation for cordocentesis
m alternative to IUT

» maternal plasma exchange
= temporarily reduce antibody levels by 75%
= reduces morbidity and mortality risk to fetus

2 e

Post Delivery

ABO/D typing
bilirubin and cord hgb
DAT on cord
phototherapy
exchange transfusion

ABO/D 'I"esti ng 4‘%& _%Am"sja cele
anti-D|Dcon | Dw |D con
m initial testing 4+
m Infant cell typing only — A, B, D
m serum ABO antibodies would be maternal
m intrauterine transfusion issues
= may group as O neg at birth

m replaced all their blood

m may show mixed field reactions
u fetus A cells
u transfused O cells

12
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More Testing

m mom’s or baby’s serum or plasma
m initial test for unexpected antibodies

= antigen neg donor cells corresponding to
maternal antibodies — ABO and others

m only need one ABO/Rh/AbSc for this
hospitalization or until 4 months old

4

RBC typé

m O cells or ABO compatible
m no crossmatch, unless unexpected
antibody
m non-O RBCs

m if not ABO compatible with mom
= test for maternal ABO antibodies in newborn
= crossmatch through to AHG

i

Other ABO Groups
m Baby-B Mom - B, neg AbSc
m maternal antibody - anti-A
m could give B Rh comp. cells, usu. give O
= no crossmatch needed if using B or O
m Baby - A Mom - O, neg AbSc
= maternal antibody - anti-A,B, anti-A, anti-B
m give O Rh comp blood
= no crossmatch needed
m give A blood
m crossmatch through AHG required

5 &
Other Blood Groups

m Baby - A Mom - A, pos AbSc
= anti-B and anti-?
= could give O or A blood
= must use antigen negative
OR
m crossmatch compatible units by AHG

= crossmatch until antibody no longer demonstrable
in neonate serum or plasma

i

Exchange Transfusion???

m DAT on Cord Sample

m diagnosis HDFN
m after birth
= single most important serological test
m pos DAT
m baby cells coated with antibody in vivo
m Phototherapy
= elution

&

Bilirubin and Cord Hgb

m major determinates
m bilirubin - current level, how fast rising

m cord hemoglobin

m oXxygen carrying capacity; how severe is
anemia

= too low - clinical problems

13



Phﬁotﬁ%rapy

m light decomposes bilirubin

m good for low levels with slow hemolytic
process

m decomposes into nontoxic substance

A ‘$’17 ‘*:f_»

Intravenous Immune Globulin

m treats hyperbilirubinemia

m competes with mother’s antibodies for
FC receptors on macrophages in
infant’s spleen

m reduces amount of hemolysis

L

Elutions

m not as necessary any more
m Phototherapy
= |VIG given before birth

m compatible with Mom’s serum/plasma
m Mom has all the antibodies

m only if unsure that it is HDFN

- “I‘ 1 ;_":___ﬂ‘-f’;'~.':';.’___- ;"5:%;'.:...

.

Baby DAT and Eluates

m wash off excess
antibody

m save last wash
m testin parallel

- J‘ i 5_._‘:_’__"‘:*-.:'-M.’_,__-.;“"v':%g;:...

B

Baby DAT and Eluates

m perform elution

- “I‘ 1 ;_":___ﬂ‘-f’;'~.':';.’___- ;"5:%;'.:...

.
o = 2 A S
TeStIng Eluate Eluate |Parallel
results |wash
Al cells pos neg
B cells neg neg
O cells (I, |neg neg
1, 11)
m Anti-A HDFN

14
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Testing Eluat
Eluate |Parallel

- results |wash

Al cells neg neg
I B cells neg neg
=1 O cells (I, |pos neg
i - 11, 111)
= 1

m HDFN to non-ABO
antibody

m perform panel ID

&
Negative Eluate
m Mom - O pos; neg AbSc
m Baby O neg; 2+ DAT

Eluate Parallel
m eluate Results | Wash
Al cells 0 0
B cells 0 0
O cells 0 0

m probably low prevalence antigen from
Dad

LS
Negative Eluate

= Mom serum with Dad'’s cells = 1+
m eluate with Dad’s cells — 1+
m probably antibody to a low prevalence antigen
m transfuse O neg, XM compatible cells
m suspect low prevalence antigen
= mom antibody screen - neg
m baby — pos DAT
m baby eluate — neg

&

Exchange transfusion

= remove whole blood
m removes serum bilirubin,
maternal antibodies, antibody
coated cells
m transfuse
m compatible antigen negative RBCs
m compatible plasma
m usu hgb S neg, CMV neg, irradiated

i

Exchange Transfusion

m double-volume exchange
m two 85-mL/kg — full-term
= two 100-mL/kg — VLBW infants

m replaces approximately 85-90% of blood
volume

m removes 50% of bilirubin
m can be a rebound
m compatible with mom’s or baby’s serum

&

Component Choice

ABO compatible RBCs

resuspended in ABO compatible FFP
<5-7 days old CPDA-1

may remove additive is using ADSOL
hemoglobin S neg

CMV reduced or negative

irradiated

15



= g

Rh Immune Globulin

m Rhogam
= Rhlg

(4

Rh Immune Globulin (Rhlg)

m concentrated, purified anti-D
m pooled human plasma
m IgG subtype anti-D
m available in 300, 120-, and 50-ug doses
m given ante- and postpartum
m reduces from 16% to <0.1%
m give at 28 week

m 92% of women who do develop anti-D
do so on or at 28 weeks

&

pat

Rh Immune Globulin (Rhlg)

m D neg exposed to D pos RBCs
= D neg mom
= D pos infant

= abortion, ectopic pregnancy, placental
hemorrhages, miscarriage, abdominal trauma

m D neg who receive D pos RBCs
m approximately 30% will form anti-D

Dosage

m 1 vial; 300 pg
= 30 ml WB bleed
m 15 ml RBC transfusion
m given intramuscular
m 98.4% - 99.0% successful

%«

S

Antenatal Rhlg

m 28 weeks - 1 vial

m Rhlg - fetus may develop pos DAT, no
hemolysis, low titer

m mechanism
= anti-D attaches to D+ cells
m macrophages in spleen clear cells
m cytokine secretion and

immunomodulation

m mom may have pos AbSc at delivery—

anti-D from Rhig

&

Distinguish between IgM and IgG

m Dithiothreitol (DTT) or 2-
aminoethylisothiouronium bromide
(2ME)
m treat plasma
m destroys IgM antibodies

m useful for anti-D — Rhlg (IgG) or
primary response (IgM)

m useful for anti-M with rising titer
= |gG or IgM

16
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Rhlg Administration
m within 72 hours of delivery
m RBCs still in circulation
give beyond 72 hours, if no anti-D
Rosette test - qualitative screen
guantitate positives for Rhlg dosage
m Kleihauer-Betke (acid elution)
= flow cytometry
Dw test no longer used
m high false negatives

= O &
Weak D (Du)

= & P4
FMH Screen - Rosette

i( Fetal ,

‘ blood? = )

Mom's \ H-_
H blood H Ezﬁ':,,,

[}
~ Dneg Incubate = cells E

, Fetal
) blood?
Mom's 6 ﬁ
blood Incubate H o
~'Dn «
. Wash ‘=
Vo
£
5=
anti-
- D high false negative — 15%
= o g

Rosette Test

m detect > 10mL — 99.5%
m can detect as low as 5mL bleed

m 5 or more rosettes in low power field —
positive: quantitate

m if negative, administer 1 vial

o~ Wash 0e00 o
Y 4 L) ®
I II:T‘ [ L X )
anti-
- D
& ‘g
Rosette Test
Positive Negative
R = ¢ i
P p F e
< L
g = a-g- .5 4 S e ®
s ¥ - ® [4
L e . - @ 8
LS », \L L
> ¥ iy ;v < ¢ © 3 e"i(
P " = % 5 €
| # - - ~ " e
-t - . : - - v‘< - CL( .
e e iy
"’ ._".. u\-., ‘-\ i gy . e * L e ¢

hitps://sites.ualberta.ca/~pletendr/library/kb-ros.htmi

il &
Kleihauer-Betke
m resistance of fetal hgb to acid elution
= adult hgb soluble at acid pH
make slide of maternal blood, expose to acid
detecting fetal hgb
guantitates size of fetal maternal hemorrhage

(TMH) - @
s i s

MAY.
CELL

) 8(-0 _&k
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Calculation
m count number of fetal cells per 2000 mom'’s
cells

m fetal cells - pink

m adult cells — ghost

m fetal hemorrhage in mL=# fetal cells/2000x5000
m vials of Rhlg

n fetal hemorrhage mL/30 = # of vials
m safety factor

Example - FMH

m 26 fetal cells in 2000

m 26/2000 x 5000mL = 65 mL fetal
whole blood

m 65/ 30 = 2.2 doses

m safety factor
m <.5, round down and add one vial
m >.5 round up and add one vial

&

p

Safety Factor

m 2.2 doses of Rhlg
m .2isless than .5
= round down and add one vial
m administer 3 vials

m 2.5 doses of Rhlg
m .5 or greater
= round up and add 1 for safety
m administer 4 vials

Platelets

m Rhlg for women of childbearing age
m avoid “pink” platelets
m clear may still contain ~.5 mL
m 30 non-pink platelets = ~ 15 cc RBCs
m give one vial at first D+ platelet

m give second vial after 30 D+ platelets
or 30 days

= - & . WS
Molecular testing-RBC phenotype
m test DNA for D antigen or RHD gene
m mother — Rhlg candidate?
m fetus — HDFN candidate?
m avoid testing for rare units if fetus
antigen negative
m anti-c or anti-e in mother
m find rare - r'r’ (dCe) or r’r” (dcE)
u 2% <0.1-1%

L

Molecular testing—RBC phenotype

m amniocytes or cell free fetal DNA
(cffDNA) in the mother

m test the father
m  homozygous father
= 100% chance of children expressing antigen
m heterozygous father
m 50% chance of children expressing antigen

18
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QUESTIONS?

Question 1

m Which of the following is the volume of
Rhlg administered in the US?

i

Question 1

m Which of the following is the volume of
Rhlg administered in the US?

= A, 300ug

= B. 120 ug

m C. 50ug

s r A
Question 2

m When is antenatal Rhlg administered?
20 weeks gestation
28 weeks gestation
32 weeks gestation
38 weeks gestation

m A. 300ug

m B. 120 ug

m C. 50ug

= S
Question 2

m When is antenatal Rhlg administered?
m 20 weeks gestation

28 weeks gestation

32 weeks gestation

38 weeks gestation

Question 3

m First pregnancy, mom is O neg, baby is
A+ with +DAT. Which antibody is
most likely the cause of the +DAT?

m A anti-A
= B. anti-B
m C. anti-AB
m D. anti-D

19
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Question 3

m First pregnancy, mom is O neg, baby is
A+ with +DAT. Which antibody is
most likely the cause of the +DAT?

Question 4

m Which subtype(s) of IgG is (are) most
often implicated in HDFN?

m A anti-A

= B. anti-B

m C. anti-AB

m D. anti-D

5 B
Question 4

m Which subtype(s) of IgG is (are) most
often implicated in HDFN?

= A IgGl
m B. 1gG2
m C. IgG1and IgG2
= D. IgG3
m E. 1IgGland IgG3
5 B
Question 5
m Which is the most common cause of
HDFN?
m A anti-A
= B. anti-B
m C. anti-A,B
s D. anti-D

= A IgGl
= B. IgG2
m C. 1gG1and IgG2
= D. IgG3
m E. 1gGland IgG3
i &
Question 5
m Which is the most common cause of
HDFN?
s A anti-A
= B. anti-B
m C. anti-AB
s D. anti-D
i &
Question 6

m Calculations are done for a FMH and
the number of Rhlg vials needed are
2.4. If you add a vial for safety, what
is the correct number of vials needed?
m A 3
m B. 4

20
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Question 6

m Calculations are done for a FMH and
the number of Rhlg vials needed are
2.4. If you add a vial for safety, what
is the correct number of vials needed?
s A, 3
m B. 4

21



