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A non-invasive ultrasonographic assessment of systolic ejection peak in the middle cerebral
artery is very efficient in detection of anomalies in alloimmunized pregnancies and is a diag-
nostic method of choice prior to cordocentesis. This is applied in combination with detection
of titre of Rh(D) antibodies. In our study, two groups of patients were tested and results were
compared. The first sample included 52 newborns in the period 1998-2007 (initial period of
intrauteral intravascular transfusion, while the second one included 16 newborns from the
period 1998-2008 (second period, when better prenatal control was achieved). Levels of tit-
ter of antibodies in salty environment, in both the control and the analyzed group, indicated
moderate sensitization in a small group of patients. However, in albumin and in particular
Coombs environment, the level of sensitization was significant in all patients (»>0.05; DF =
67). Our investigation suggests that with ultrasound as a method of choice and with prenatal
screening it is possible to achieve better diagnosis and prognosis in the case of Rh(D) condi-

tions of alloimmunized pregnancies.
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INTRODUCTION

The impact of different antepartal, intrapartal,
and early neonatal risk factors is significant for the
course and outcome of a pregnancy, for an early neo-
natal period and for later growth and development of a
child. The case of fetal damage during pregnancy
and/or childbirth is a significant problem not only for
obstetricians and neonatologists but also for sociolo-
gists, family and society as a whole. This situation re-
quires problem identification and risk assessment in
order to decrease perinatal (antenatal) morbidity and
mortality, and enable normal growth and development
of a child.

Alloimmunization indicates the existence of ma-
ternal circulating antibodies against fetal erythrocytes
[1], related to the response to the existence of extrane-
ous antigen on the foetal erythrocyte membrane. Over
many decades, impressive scientific and practical work
has been dedicated to the problem of alloimmunization.
There are countries, especially those with developed
health care systems, where alloimmunization no longer
exists. However, in Serbia and its neighbouring Balkan
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countries alloimmunization is still present and repre-
sents one of the vital problems of perinatal control.

This paper examines the role of ultrasonography
in early diagnosis of alloimmunization related disor-
ders. As opposed to alternative procedures, such as
amniocentesis or cordocentesis, ultrasound imaging is
a non-invasive method, which provides reliable in-
sight into the condition of a fetus.

HAEMOLYTIC DISEASE OF THE
FETUS/NEONATE (HDFN)

In the haemolytic disease defined by Rh(D) [2,
3] alloimmunization contributes significantly to
perinatal morbidity and mortality. The haemolytic dis-
case of fetus/neonate (HDFN) is the disease with ge-
netic predisposition and it represents a process of pro-
duction of IgG anti-D antibodies in blood of an Rh(D)
negative pregnant woman that go over into the circula-
tion of Rh(D) positive fetus, being absorbed on D pos-
itive erythrocytes or stay free in fetal serum [4-6]. An-
tibodies absorbed in this way represent haemolysins
that destroy erythrocytes. Effective explanation of ag-
glutination, caused by incomplete antibodies only
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based on changes in physical and chemical properties
of the environment is based on the fact that erythro-
cytes in suspension have negative charge on the sur-
face. This prevents molecular binding, until charge is
released or dielectric properties of suspension are al-
tered. Therefore, electric charge and z-potential en-
ables reaction antigen-antibody and subsequent ag-
glutination of erythrocytes [7-10]. The process can be
mild, which does not require specific therapy, but if
pronounced it can cause fetal anaemia, hydrops, or
ever intrauterine fetal death [1,11]. If the process has
started earlier and if it is more intensive, the conse-
quences are more severe. There are two possible
mechanisms of Rh(D) alloimmunization: transfusion
of incompatible blood (non-obstetric cause) or
foetomaternal hemorrhagic (obstetric cause) [12].
HDFN caused by alloimmunization becomes
permanently actual condition for multiple reasons: fe-
males with already created anti-D antibody become
pregnant for multiple times, after immune conditions
as termination of pregnancy [13], amniocentesis [14]
or in the case of normal delivery the administration of
anti-D is often insufficient if foetomaternal hemor-
rhagic conditions occurred in pregnancy before ad-
ministration of anti-D immunoglobulin [15].
Prevention and therapy of HDFN requires con-
tinuous monitoring in antenatal, intrapartal,
postpartal, and neonatal phase as well as in the later
childhood. Development of medical sciences in the
last decades, in parallel with improved therapeutic and
diagnostic procedures has significantly changed the
prognosis in HDFN conditions. The most important
progress was achieved when direct access to fetal cir-
culation has become possible. Initially, it was achieved
using foetoscope, however, ultrasound based tech-
niques have become available soon after that. The lat-
ter technique is performed by ultrasonogaphicaly
guided punction of umbilical vein at the spot of pla-
cental insertion of wunbilical cord, known as
cordocentesis [16, 17]. First intrauterine intravascular
transfusions (IUIVT) [18] were performed during the
eighties, and had a great impact on improvement of the
fetal condition and its survival. In some cases the sur-
vival rate is as high as 90%. IUIVT facilitate the treat-
ment of fetal hydrops and fetal anaemia (i. e. stopping
of extramedullary erythrocytopoiesis), and thereby
the improvement of fetal hypoxia and prevention of
intrauterine fetal death [17-19]. This also provides
better vital potential for development of the fetus.
Certain clinical aspects of Rh(D) alloim-
munization have been recognized for more than a
century, however, detailed etiology of disease have
been discovered few decades ago which enabled
better understanding, diagnosis and treatment of this
condition [2, 3]. Attention has been drawn to preven-
tion and therapy, based on the fact that Rh(D)
alloimmunization of mother against Rh(D) fetal anti-
gen is preventable by application of adequate quan-

tity of hyperimmune anti-D immunoglobulin [15].
However, in spite of prophylactic treatments and an-
tenatal and postnatal treatments, the outcome of
alloimmunized pregnancies is still uncertain.

Clinical manifestation of Rh(D) alloimmunization
caused HDFN has been more efficiently recognized in
the recent period, due to development of modern tech-
niques for assessment of fetal anomalies. By evaluation
of anaemia using ultrasound imaging [20-22] and assess-
ment of the fetus age, as well as by timely application of
intrauterine therapy [14, 18], it is possible to improve the
prognosis in the childhood [13, 23]. This includes better
vital capacity and application of reanimation methods,
transfusion [23], and adequate follow up in early child-
hood. However, further investigation is needed, in order
to collect more reliable data about survival rate and fur-
ther growth and development of the child. Long-term
prospective studies for longitudinal follow up are of ut-
most importance here [24-29] including non-invasive di-
agnostic methods [7, 30-32].

MEDICAL ULTRASONOGRAPHY

Ultrasonography is an ultrasound-based diag-
nostic imaging technique used for visualizing subcuta-
neous body structures. Ultrasound refers to sound
waves at frequencies higher than the range of the hu-
man ear, i. e. at frequencies greater than about 20 kHz.
For medical application, frequencies typically 100
times higher than audible by humans are used (2 to 20
MHz). Ultrasonic waves obey the same basic laws of
wave motion as lower frequency sound waves, but
they have, however, the following advantages: (a)
higher frequency waves have shorter wavelengths;
this means that diffraction or bending around an obsta-
cle of given dimensions is correspondingly reduced; it
is therefore easier to direct and focus a beam of ultra-
sound, (b) ultrasonic waves can easily pass through
tissue; this means that the entire ultrasound system can
be mounted completely externally to the body, i. e. it is
non-invasive.

The most commonly used devices for ultrasonic
transmitters and receivers (usually assembled in one
device, called transducer) are piezoelectric sensing el-
ements. The piezoelectric effect is reversible, 7. e. me-
chanical energy can be converted into electrical en-
ergy and electrical energy into mechanical. The
ultrasonic transmitter uses the inverse piezoelectric ef-
fect, if a sinusoidal of impulse voltage is applied to the
transmitting crystal, then the crystal undergoes a cor-
responding deformation. This vibration of the crystal
is transmitted to the tissue. The frequency of sound,
called resonance frequency is equal to the frequency
of the driving voltage. For each pulse of ultrasound, a
series of echoes are returned as the ultrasound pulse is
reflected from objects at a greater or lesser distance.
These echoes are received by the receiver and con-



D. V. Plecas, et al.: Non-invasive Ultrasonographic Diagnostics of Ph(D) ...
66 Nuclear Technology & Radiation Protection: Year 2012, Vol. 27, No. 1, pp. 64-69

verted to electrical pulses, via the direct piezoelectric
effect. The echo is generated at each boundary be-
tween two different materials, i. e. tissues, or where
some inhomogeneity is present in the same tissue.

For measurement of velocity, the Doppler effect
is used. Doppler ultrasound is based on the Doppler
principle, that ultrasound changes frequency when ei-
ther the source or the receiver is moving. Dopp-
ler-shifted echoes are generated when vessel walls or
blood are in motion. In ultrasound scanners, a series of
pulses is transmitted to detect movement of blood.
Echoes from stationary tissue are the same from pulse
to pulse. Echoes from moving objects exhibit slight
differences in the time needed for the signal to be re-
turned to the receiver. These differences can be mea-
sured as a difference in frequency usually called the
Doppler frequency

2f.vcosO
Ja= 7ft

[

(1)

where f; is the frequency of transmitted ultrasound, v —
the speed of the blood, ¢ — the speed of ultrasound in
tissue, and @ —an angle of incidence between the blood
flow and the direction of emitted ultrasound pulse. The
echoes are then processed to produce either a color
flow display or a Doppler sonogram.

METHODS

Two samples were formed from Rh(D)
alloimmunized pregnant patients with and newborns
with severe clinical form of Rh(D) alloimmunization.
The first sample included 52 newborns in the period
1998-2007 (initial period of IUIVT) while the second
one included 16 newborns in the period 1998-2008
(second period of IUIVT, when better pre natal control
was achieved). Groups were formed from the patients
of the Institute for gynaecology of the Clinical centre
of Serbia. The examination I[UIVT was performed on
these groups of patients and results were compared.
Criteria for inclusion patient in the sample were: titre
of mother’s antibody, ultrasonographic examination
of fetus and application of IUIVT [33-36].

There is evidence that in hidrops free foetuses,
where risk of Rh(D) alloimmunizations ranges from
moderate to promulgated, anaemia can be non
invasively diagnosed using ultrasound (Doppler flow)
examinations [20-22]. The examination is based on the
increased peak value of the systolic ejection in middle
cerebral artery of fetal brain. This artery has rapid re-
sponse to hypoxemia, with the regard to brain oxygen
dependence. The effect is readily visible on ultrasound
images. Based on animal experiments, positive peak
observed in the ultrasound images is related to reduced
blood flow due to increased systolic ejection, reduced
blood viscosity and increased hematocrit. Systolic ejec-
tion peak in the middle cerebral artery is very efficient
in detection of anomalies in alloimmunized pregnan-

cies and is a diagnostic method of choice prior
cordocentesis. The sensitivity of the method to assess-
ment of anaemia level is up to 100%, with error up to
12%[30, 32, 37]. Therefore, the ultrasound based early
diagnosis is a method of choice for early diagnosis of
Rh(D) alloimmunizations, with minimal adverse ef-
fects.

One of the non-invasive diagnostic methods for
early detection of Rh(D) alloimmunization is detec-
tion of titre Rh(D) antibodies, as it is exclusively re-
lated to the risk of HDFN. The test is preformed in al-
bumin, papain, salty, and Coombs environment. In
most pregnancies titre of antibodies in salty and albu-
min environment is lower than 1:32, while in other en-
vironments (papain and Coombs) it is higher than
1:32. This indicates that titre of Rh antibodies in en-
zyme and Coombs environment is more accurate indi-
cator of the level of immunization of the mother and
the condition of fetus during alloimmunized preg-
nancy.

RESULTS

Results are presented in tabs. 1 and 2, and figs.
1-4. Levels of titre of antibodies in salty environment,
in both control and analyzed groups indicated moder-
ate sensitization in a small group of patients. However,
in albumin and in particular Coombs environment, the
level of sensitization was significant in all patients (p >
>0.05, DF = 67).

DISCUSSION AND CONCLUSIONS

Titre of Rh(D) antibodies in Coombs environ-
ment is more relevant indices then titre in albumins
and especially in salty environment. Increase of titre in
Rh(D) alloimmunized pregnancies indicates that fetal

Table 1. Antibodies in maternal serum in
the analysed group

Environment
Salty Albumin Papain Coombs
0 9 - - -
1:2 3
1:4 2
1:8 1
1:16
1:32 -
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

Titre

|
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|
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Table 2. Antibodies in maternal serum in
the control 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
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

1:16 1:32 1:64 1:128
Titer hight

Environment
H Salty 3 Papain
B8 Albumin =3 Coombs

Figure 1. Antibodies in maternal serum in
the analysed group
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Figure 2. Antibodies in maternal serum in
the control group

Rh factor is positive. However, the time of first mani-
festation of Rh antibodies during pregnancy is very
significant. Although a repeated test for antibodies in
maternal serum is a simple and efficient procedure, it is
not precise enough to assess the weight of HDFN. It
could be only an auxiliary diagnostic test. Titre Rh an-

50 B wmid

0 Moderate
. Severe

30

20-

10~

0-

Analysed group (1998-2008) Control group (1987-2007)

Figure 3. Clinical forms of hemolytic disease in analyzed
group in the period 1998-2008 and control group for the
period 1987-2007

| Mild
& Moderate

[ severe

1982-1987 1987-1992 1992-1997 1997-2003 2003-2008
Period

Figure 4. Time dependence of clinical forms of hemolytic
disease in newborn for the period 1982-2008

tibodies in Coombs environment are more relevant in
the case of alloimmunized pregnancies.

Invasive diagnostic procedures, such as amnio-
centesis or cordocentesis, and the early delivery, could
lead to an unsatisfactory outcome of the pregnancy.
Only an organized treatment of pregnant women with
Rh(D) alloimmunization minimizes the possibility of
morbidity and mortality. Non-invasive procedures
should, therefore, be the methods of choice in prenatal
diagnostics.

Anaemia can be non-invasively detected in fe-
tus. Non-invasive detection enrols antibody titre and
flow measurements using Doppler ultrasound. The
latter is based on the increase of the peak that corre-
sponds to the systolic ejection in cerebral brain artery
of fetus. Middle cerebral artery has rapid response to
hypoxemia, as it is oxygen-dependent. Thus, this ef-
fect can be seen using ultrasound. Systolic ejection
peak speed in middle cerebral artery is important for
anaemia detection in the case of Rh(D) alloimmunized
pregnancies. Positive peak in ultrasound is based on
the fact that blood vessels in the anaemia condition ex-
hibit decrease in flow rate. The reason for this lays in
the increased systolic ejection and reduced viscosity
when hematocrit is increased.
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Goal of antenatal test is the detection of risks for

fetus in earliest possible stage of pregnancy in order to
correct fetal anaemia. In this way child is born in opti-
mal timing and in good vital conditions. With ultra-
sound as a method of choice and with prenatal screen-
ing, it is possible to achieve better diagnosis and
prognosis in the case of Rh(D) conditions of
alloimmunized pregnancies. In this way, the use of in-
vasive methods and application of IUTVT is not neces-
sary. As a rule of thumb, diagnosis always starts with
less invasive screening tests.
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Hapxko B. INTERAIIL, Monuka M. KNBKOBWh, Ceeraana M. IEJOBU'h

HENHBA3UBHA YJ/ITPA3BYYHA NTUJATHOCTUKA Rh(D)
AJTIOMMYHU30BAHUX TPYJHORA

HewnBasuBHO yaTpacoHOrpa)cKO CHUMame CHUCTOJIUYKOT €jeKIMOHOT NHKa Yy CPefoj
epebpaHoj apTepuju je Beoma epuKacaH METOJ] IETEKIM]je aHOMaJije KOl aTOMMYHU30BaHUX TpyAHOha
1 IIpefICTaBIba HajIIOXKEIHHN]Y IUjarHOCTUIKY MPOLEAYPY Ipe KopaoueHTe3e. OBa MeToOs1a MpuMemyje ce y
KOMOWHAIMjU ca JeTeKToBameM TuTpa Rh(D) aHTHTEeNa. Y OBOj CTYQUju TeCTHpaHe Cy JBE Tpyme
ManujeHTKIba, y3 nopebemwe qodujenux pesynrara. [IpBu y3opak cacrojao ce on 52 HoBopobeHuanu u3
nepuopa 1998-2007 (vHuLIKjaTHA TIepUOJ MHTpayTepaTHe HHTpaBacKyaapHe Tpancdysuje — IUIVT), 1ok je
Ipyru yKIbyunBao 16 HoBopobenuanm u3 nepuoaa 1998-2008 (mpyrm nepumop IUIVT, kapa je moctuzana
6oJba MpeHaTaTHa KOHTpoJa). HuBom TuTpa aHTHTENA y CIAHO] CPEIWHU, KOJ KOHTPOJHE Kao W KOJ
aHaIM3UpaHe rpyIe, yKaszallu cy Ha yMEpPEeHY OCETILHBOCT KOJ] MAJIOT Opoja nainujeHTkumba. Cgpyre cTpase,
y alOyMHUHCKO], a moroToBo y Kym6coBoj (Coombs) cpefinu, HUBO ceH3MOMIM3anuje je OMo 3HaTaH KO
cBuxX manujeHTkuma (p > 0.05; DF = 67). Hama ananm3a mokasyje fia je IPIMEHOM YJITpa3ByKa H y3
npeHatanHo npaheme Moryhe moctuhm 6oibe IHjarHOCTHYKE W MPOTHOCTHYKE pesyiarare Kox Rh(D)
CTama aJlOMMYHM30BaHUX TPyAHOA.

Kmwyune peuu: yaiipacorozpaghuja, meOULUHCKO CAUKARE, at0uMyHU3ayuja, boaecitiu geitiyca



