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A non-in va sive ultrasonographic as sess ment of sys tolic ejec tion peak in the mid dle ce re bral
ar tery is very ef fi cient in de tec tion of anom a lies in alloimmunized preg nan cies and is a di ag -
nos tic method of choice prior to cordocentesis. This is ap plied in com bi na tion with de tec tion
of ti tre of Rh(D) an ti bod ies. In our study, two groups of pa tients were tested and re sults were
com pared. The first sam ple in cluded 52 new borns in the pe riod 1998-2007 (ini tial pe riod of
intrauteral intravascular trans fu sion, while the sec ond one in cluded 16 new borns from the
pe riod 1998-2008 (sec ond pe riod, when better pre na tal con trol was achieved). Lev els of tit -
ter of an ti bod ies in salty en vi ron ment, in both the con trol and the an a lyzed group, in di cated
mod er ate sen si ti za tion in a small group of pa tients. How ever, in al bu min and in par tic u lar
Coombs en vi ron ment, the level of sen si ti za tion was sig nif i cant in all pa tients (p>0.05; DF =
67). Our in ves ti ga tion sug gests that with ul tra sound as a method of choice and with pre na tal
screen ing it is pos si ble to achieve better di ag no sis and prog no sis in the case of Rh(D) con di -
tions of alloimmunized preg nan cies.
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IN TRO DUC TION

The im pact of dif fer ent antepartal, intrapartal,
and early neo na tal risk fac tors is sig nif i cant for the
course and out come of a preg nancy, for an early neo -
na tal pe riod and for later growth and de vel op ment of a
child. The case of fe tal dam age dur ing preg nancy
and/or child birth is a sig nif i cant prob lem not only for
ob ste tri cians and neonatologists but also for so ci ol o -
gists, fam ily and so ci ety as a whole. This sit u a tion re -
quires prob lem iden ti fi ca tion and risk as sess ment in
or der to de crease perinatal (an te na tal) mor bid ity and
mor tal ity, and en able nor mal growth and de vel op ment
of a child.

Alloimmunization in di cates the ex is tence of ma -
ter nal cir cu lat ing an ti bod ies against fe tal eryth ro cytes
[1], re lated to the re sponse to the ex is tence of ex tra ne -
ous an ti gen on the foe tal eryth ro cyte mem brane. Over
many de cades, im pres sive sci en tific and prac ti cal work
has been ded i cated to the prob lem of alloimmunization.
There are coun tries, es pe cially those with de vel oped
health care sys tems, where alloimmunization no lon ger
ex ists. How ever, in Ser bia and its neigh bour ing Bal kan

coun tries alloimmunization is still pres ent and rep re -
sents one of the vi tal prob lems of perinatal con trol.

This pa per ex am ines the role of ultrasonography
in early di ag no sis of alloimmunization re lated dis or -
ders. As op posed to al ter na tive pro ce dures, such as
am nio cen te sis or cordocentesis, ul tra sound im ag ing is 
a non-in va sive method, which pro vides re li able in -
sight into the con di tion of a fe tus.

HAEMOLYTIC DIS EASE OF THE
FE TUS/NE O NATE (HDFN)

In the haemolytic dis ease de fined by Rh(D) [2,
3] alloimmunization con trib utes sig nif i cantly to
perinatal mor bid ity and mor tal ity. The haemolytic dis -
ease of fe tus/ne o nate (HDFN) is the dis ease with ge -
netic pre dis po si tion and it rep re sents a pro cess of pro -
duc tion of IgG anti-D an ti bod ies in blood of an Rh(D)
neg a tive preg nant woman that go over into the cir cu la -
tion of Rh(D) pos i tive fe tus, be ing ab sorbed on D pos -
i tive eryth ro cytes or stay free in fe tal se rum [4-6]. An -
ti bod ies ab sorbed in this way rep re sent haemolysins
that de stroy eryth ro cytes. Ef fec tive ex pla na tion of ag -
glu ti na tion, caused by in com plete an ti bod ies only
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based on changes in phys i cal and chem i cal prop er ties
of the en vi ron ment is based on the fact that eryth ro -
cytes in sus pen sion have neg a tive charge on the sur -
face. This pre vents mo lec u lar bind ing, un til charge is
re leased or di elec tric prop er ties of sus pen sion are al -
tered. There fore, elec tric charge and z-po ten tial en -
ables re ac tion an ti gen-an ti body and sub se quent ag -
glu ti na tion of eryth ro cytes [7-10]. The pro cess can be
mild, which does not re quire spe cific ther apy, but if
pro nounced it can cause fe tal anae mia, hydrops, or
ever intrauterine fe tal death [1,11]. If the pro cess has
started ear lier and if it is more in ten sive, the con se -
quences are more se vere. There are two pos si ble
mech a nisms of Rh(D) alloimmunization: trans fu sion
of in com pat i ble blood (non-ob stet ric cause) or
foetomaternal hem or rhagic (ob stet ric cause) [12].

HDFN caused by alloimmunization be comes
per ma nently ac tual con di tion for mul ti ple rea sons: fe -
males with al ready cre ated anti-D an ti body be come
preg nant for mul ti ple times, af ter im mune con di tions
as ter mi na tion of preg nancy [13], am nio cen te sis [14]
or in the case of nor mal de liv ery the ad min is tra tion of
anti-D is of ten in suf fi cient if foetomaternal hem or -
rhagic con di tions oc curred in preg nancy be fore ad -
min is tra tion of anti-D im mu no glob u lin [15].

Pre ven tion and ther apy of HDFN re quires con -
tin u ous mon i tor ing in an te na tal, intrapartal,
postpartal, and neo na tal phase as well as in the later
child hood. De vel op ment of med i cal sci ences in the
last de cades, in par al lel with im proved ther a peu tic and 
di ag nos tic pro ce dures has sig nif i cantly changed the
prog no sis in HDFN con di tions. The most im por tant
prog ress was achieved when di rect ac cess to fe tal cir -
cu la tion has be come pos si ble. Ini tially, it was achieved 
us ing foetoscope, how ever, ul tra sound based tech -
niques have be come avail able soon af ter that. The lat -
ter tech nique is per formed by ultrasonogaphicaly
guided punction of um bil i cal vein at the spot of pla -
cen tal in ser tion of unbilical cord, known as
cordocentesis [16, 17]. First intrauterine intravascular
trans fu sions (IUIVT) [18] were per formed dur ing the
eight ies, and had a great im pact on im prove ment of the 
fe tal con di tion and its sur vival. In some cases the sur -
vival rate is as high as 90%. IUIVT fa cil i tate the treat -
ment of fe tal hydrops and fe tal anae mia (i. e. stop ping
of extramedullary erythrocytopoiesis), and thereby
the im prove ment of fe tal hypoxia and pre ven tion of
intrauterine fe tal death [17-19]. This also pro vides
better vi tal po ten tial for de vel op ment of the fe tus.

Cer tain clin i cal as pects of Rh(D) alloim-
munization have been rec og nized for more than a
cen tury, how ever, de tailed eti ol ogy of dis ease have
been dis cov ered few de cades ago which en abled
better un der stand ing, di ag no sis and treat ment of this
con di tion [2, 3]. At ten tion has been drawn to pre ven -
tion and ther apy, based on the fact that Rh(D)
alloimmunization of mother against Rh(D) fe tal an ti -
gen is pre vent able by ap pli ca tion of ad e quate quan -

tity of hyperimmune anti-D im mu no glob u lin [15].
How ever, in spite of pro phy lac tic treat ments and an -
te na tal and postnatal treat ments, the out come of
alloimmunized preg nan cies is still un cer tain. 

Clin i cal man i fes ta tion of Rh(D) alloimmunization
caused HDFN has been more ef fi ciently rec og nized in
the re cent pe riod, due to de vel op ment of mod ern tech -
niques for as sess ment of fe tal anom a lies. By eval u a tion
of anae mia us ing ul tra sound im ag ing [20-22] and as sess -
ment of the fe tus age, as well as by timely ap pli ca tion of
intrauterine ther apy [14, 18], it is pos si ble to im prove the
prog no sis in the child hood [13, 23]. This in cludes better
vi tal ca pac ity and ap pli ca tion of re an i ma tion meth ods,
trans fu sion [23], and ad e quate fol low up in early child -
hood. How ever, fur ther in ves ti ga tion is needed, in or der
to col lect more re li able data about sur vival rate and fur -
ther growth and de vel op ment of the child. Long-term
pro spec tive stud ies for lon gi tu di nal fol low up are of ut -
most im por tance here [24-29] in clud ing non-in va sive di -
ag nos tic meth ods [7, 30-32].

MED I CAL ULTRASONOGRAPHY

Ultrasonography is an ul tra sound-based di ag -
nos tic im ag ing tech nique used for vi su al iz ing sub cu ta -
ne ous body struc tures. Ul tra sound re fers to sound
waves at fre quen cies higher than the range of the hu -
man ear, i. e. at fre quen cies greater than about 20 kHz.
For med i cal ap pli ca tion, fre quen cies typ i cally 100
times  higher  than  au di ble  by hu mans are used (2 to 20 
MHz). Ul tra sonic waves obey the same ba sic laws of
wave mo tion as lower fre quency sound waves, but
they have, how ever, the fol low ing ad van tages: (a)
higher fre quency waves have shorter wave lengths;
this means that dif frac tion or bend ing around an ob sta -
cle of given di men sions is cor re spond ingly re duced; it
is there fore eas ier to di rect and fo cus a beam of ul tra -
sound, (b) ultrasonic waves can eas ily pass through
tis sue; this means that the en tire ul tra sound sys tem can
be mounted com pletely ex ter nally to the body, i. e. it is
non-in va sive.

The most com monly used de vices for ul tra sonic
trans mit ters and re ceiv ers (usu ally as sem bled in one
de vice, called trans ducer) are pi ezo elec tric sens ing el -
e ments. The pi ezo elec tric ef fect is re vers ible, i. e. me -
chan i cal en ergy can be con verted into elec tri cal en -
ergy and elec tri cal en ergy into me chan i cal. The
ul tra sonic trans mit ter uses the in verse pi ezo elec tric ef -
fect, if a si nu soi dal of im pulse volt age is ap plied to the
trans mit ting crys tal, then the crys tal un der goes a cor -
re spond ing de for ma tion. This vi bra tion of the crys tal
is trans mit ted to the tis sue. The fre quency of sound,
called res o nance fre quency is equal to the fre quency
of the driv ing volt age. For each pulse of ul tra sound, a
se ries of ech oes are re turned as the ul tra sound pulse is
re flected from ob jects at a greater or lesser dis tance.
These ech oes are re ceived by the re ceiver and con -
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verted to elec tri cal pulses, via the di rect pi ezo elec tric
ef fect. The echo is gen er ated at each bound ary be -
tween two dif fer ent ma te ri als, i. e. tis sues, or where
some inhomogeneity is pres ent in the same tis sue.

For mea sure ment of ve loc ity, the Dopp ler ef fect
is used. Dopp ler ul tra sound is based on the Dopp ler
prin ci ple, that ul tra sound changes fre quency when ei -
ther the source or the re ceiver is mov ing. Dopp -
ler-shifted ech oes are gen er ated when ves sel walls or
blood are in mo tion. In ul tra sound scan ners, a se ries of
pulses is trans mit ted to de tect move ment of blood. 
Ech oes from sta tion ary tis sue are the same from pulse
to pulse. Ech oes from mov ing ob jects ex hibit slight
dif fer ences in the time needed for the sig nal to be re -
turned to the re ceiver. These dif fer ences can be mea -
sured as a dif fer ence in fre quency usu ally called the
Dopp ler fre quency

f
f v

c
d

t=
2 cos q

(1)

where ft is the fre quency of trans mit ted ul tra sound, v –
the speed of the blood, c – the speed of ul tra sound in
tis sue, and q – an an gle of in ci dence be tween the blood
flow and the di rec tion of emit ted ul tra sound pulse. The 
ech oes are then pro cessed to pro duce ei ther a color
flow dis play or a Dopp ler sonogram.

METH ODS

Two sam ples were formed from Rh(D)
alloimmunized preg nant pa tients with and new borns
with se vere clin i cal form of Rh(D) alloimmunization.
The first sam ple in cluded 52 new borns in the pe riod
1998-2007 (ini tial pe riod of IUIVT) while the sec ond
one in cluded 16 new borns in the pe riod 1998-2008
(sec ond pe riod of IUIVT, when better pre na tal con trol 
was achieved). Groups were formed from the pa tients
of the In sti tute for gy nae col ogy of the Clin i cal cen tre
of Ser bia. The ex am i na tion IUIVT was per formed on
these groups of pa tients and re sults were com pared.
Cri te ria for in clu sion pa tient in the sam ple were: ti tre
of mother’s an ti body, ultrasonographic ex am i na tion
of fe tus and ap pli ca tion of IUIVT [33-36].

There is ev i dence that in hidrops free foe tuses,
where risk of Rh(D) alloimmunizations ranges from
mod er ate to pro mul gated, anae mia can be non
invasively di ag nosed us ing ul tra sound (Dopp ler flow)
ex am i na tions [20-22]. The ex am i na tion is based on the
in creased peak value of the sys tolic ejec tion in mid dle
ce re bral ar tery of fe tal brain. This ar tery has rapid re -
sponse to hypoxemia, with the re gard to brain ox y gen
de pend ence. The ef fect is readily vis i ble on ul tra sound
im ages. Based on an i mal ex per i ments, pos i tive peak
ob served in the ul tra sound im ages is re lated to re duced
blood flow due to in creased sys tolic ejec tion, re duced
blood vis cos ity and in creased hematocrit. Sys tolic ejec -
tion peak in the mid dle ce re bral ar tery is very ef fi cient
in de tec tion of anom a lies in alloimmunized preg nan -

cies and is a di ag nos tic method of choice prior
cordocentesis. The sen si tiv ity of the method to as sess -
ment of anae mia level is up to 100%, with er ror up to
12% [30, 32, 37]. There fore, the ul tra sound based early
di ag no sis is a method of choice for early di ag no sis of
Rh(D) alloimmunizations, with min i mal ad verse ef -
fects.

One of the non-in va sive di ag nos tic meth ods for
early de tec tion of Rh(D) alloimmunization is de tec -
tion of ti tre Rh(D) an ti bod ies, as it is ex clu sively re -
lated to the risk of HDFN. The test is pre formed in al -
bu min, papain, salty, and Coombs en vi ron ment. In
most preg nan cies ti tre of an ti bod ies in salty and al bu -
min en vi ron ment is lower than 1:32, while in other en -
vi ron ments (papain and Coombs) it is higher than
1:32. This in di cates that ti tre of Rh an ti bod ies in en -
zyme and Coombs en vi ron ment is more ac cu rate in di -
ca tor of the level of im mu ni za tion of the mother and
the con di tion of fe tus dur ing alloimmunized preg -
nancy.

RE SULTS

Re sults are pre sented in tabs. 1 and 2, and figs.
1-4. Lev els of ti tre of an ti bod ies in salty en vi ron ment,
in both con trol and an a lyzed groups in di cated mod er -
ate sen si ti za tion in a small group of pa tients. How ever, 
in al bu min and in par tic u lar Coombs en vi ron ment, the
level of sen si ti za tion was sig nif i cant in all pa tients (p > 
>0.05, DF = 67).

DIS CUS SION AND CON CLU SIONS

Ti tre of Rh(D) an ti bod ies in Coombs en vi ron -
ment is more rel e vant in di ces then ti tre in al bu mins
and es pe cially in salty en vi ron ment. In crease of ti tre in 
Rh(D) alloimmunized preg nan cies in di cates that fe tal
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Ta ble 1. An ti bod ies in ma ter nal se rum in
the ana lysed group

Titre
Environment

Salty Albumin Papain Coombs

0 9 – – –

1:2 3 1 – –

1:4 2 1 – –

1:8 1 1 1 –

1:16 – 4 – –

1:32 – 7 1 –

1:64 – – 10 10

1:128 1 1 3 4

1:256 – 1 – 1

1:512 – – – 1

1:1024 – – 1 –

1:2048 – – – –

1:4096 – – – –

Total 16 16 16 16



Rh fac tor is pos i tive. How ever, the time of first man i -
fes ta tion of Rh an ti bod ies dur ing preg nancy is very
sig nif i cant. Al though a re peated test for an ti bod ies in
ma ter nal se rum is a sim ple and ef fi cient pro ce dure, it is 
not pre cise enough to as sess the weight of HDFN. It
could be only an aux il iary di ag nos tic test. Ti tre Rh an -

ti bod ies in Coombs en vi ron ment are more relevant in
the case of alloimmunized pregnancies.

In va sive di ag nos tic pro ce dures, such as am nio -
cen te sis or cordocentesis, and the early de liv ery, could
lead to an un sat is fac tory out come of the preg nancy.
Only an or ga nized treat ment of preg nant women with
Rh(D) alloimmunization min i mizes the pos si bil ity of
mor bid ity and mor tal ity. Non-in va sive pro ce dures
should, there fore, be the meth ods of choice in prenatal
diagnostics.

Anae mia can be non-invasively de tected in fe -
tus. Non-in va sive de tec tion enrols an ti body ti tre and
flow mea sure ments us ing Dopp ler ul tra sound. The
lat ter is based on the in crease of the peak that cor re -
sponds to the sys tolic ejec tion in ce re bral brain ar tery
of fe tus. Mid dle ce re bral ar tery has rapid re sponse to
hypoxemia, as it is ox y gen-de pend ent. Thus, this ef -
fect can be seen us ing ul tra sound. Sys tolic ejec tion
peak speed in mid dle ce re bral ar tery is im por tant for
anae mia de tec tion in the case of Rh(D) alloimmunized 
preg nan cies. Pos i tive peak in ul tra sound is based on
the fact that blood ves sels in the anae mia con di tion ex -
hibit de crease in flow rate. The rea son for this lays in
the in creased sys tolic ejec tion and re duced viscosity
when hematocrit is increased.
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Ta ble 2. An ti bod ies in ma ter nal se rum in
the con trol group

Titre
Environment

Salty Albumin Papain Coombs

0 42 – – –

1:2 3 – – –

1:4 1 1 – –

1:8 3 7 1 –

1:16 2 14 3 3

1:32 – 20 8 9

1:64 – 4 22 17

1:128 – 3 13 16

1:256 1 3 2 4

1:512 – – – 1

1:1024 – – 1 1

1:2048 – – 1 1

1:4096 – – 1 –

Total 52 52 52 52

Fig ure 1. An ti bod ies in ma ter nal se rum in
the ana lysed group

Fig ure 2. An ti bod ies in ma ter nal se rum in
the con trol group

Fig ure 3. Clin i cal forms of hemolytic dis ease in an a lyzed
group in the pe riod 1998-2008 and con trol group for the
pe riod 1987-2007

Fig ure 4. Time de pend ence of clin i cal forms of hemolytic
dis ease in new born for the pe riod 1982-2008



Goal of an te na tal test is the de tec tion of risks for
fe tus in ear li est pos si ble stage of preg nancy in or der to
cor rect fe tal anae mia. In this way child is born in op ti -
mal tim ing and in good vi tal con di tions. With ul tra -
sound as a method of choice and with pre na tal screen -
ing, it is pos si ble to achieve better di ag no sis and
prog no sis in the case of Rh(D) con di tions of
alloimmunized preg nan cies. In this way, the use of in -
va sive meth ods and ap pli ca tion of IUIVT is not nec es -
sary. As a rule of thumb, di ag no sis al ways starts with
less invasive screening tests.
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Darko V. PLE]A[, Monika M. @IVKOVI], Svetlana M. PEJOVI]

NEINVAZIVNA  ULTRAZVU^NA  DIJAGNOSTIKA  Rh(D)
ALOIMUNIZOVANIH  TRUDNO]A

Neinvazivno ultrasonografsko snimawe sistoli~kog ejekcionog pika u sredwoj
cerebralnoj arteriji je veoma efikasan metod detekcije anomalije kod aloimunizovanih trudno}a
i predstavqa najpo`eqniju dijagnosti~ku proceduru pre kordocenteze. Ova metoda primewuje se u
kombinaciji sa detektovawem titra Rh(D) antitela. U ovoj studiji testirane su dve grupe
pacijentkiwa, uz pore|ewe dobijenih rezultata. Prvi uzorak sastojao se od 52 novoro|en~adi iz
perioda 1998-2007 (inicijalni pe riod intrauteralne intravaskularne transfuzije – IUIVT), dok je
drugi ukqu~ivao 16 novoro|en~adi iz perioda 1998-2008 (drugi pe riod IUIVT, kada je postizana
boqa prenatalna kontrola). Nivoi titra antitela u slanoj sredini, kod kontrolne kao i kod
analizirane grupe, ukazali su na umerenu osetqivost kod malog broja pacijentkiwa. S druge strane, 
u albuminskoj, a pogotovo u Kumbsovoj (Coombs) sredini, nivo senzibilizacije je bio znatan kod
svih pacijentkiwa (p > 0.05; DF = 67). Na{a analiza pokazuje da je primenom ultrazvuka i uz
prenatalno pra}ewe mogu}e posti}i boqe dijagnosti~ke i prognosti~ke rezultate kod Rh(D)
stawa aloimunizovanih trudno}a.

Kqu~ne re~i: ultrasonografija, medicinsko slikawe, aloimunizacija, bolesti fetusa


