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Ultrasound examination of blood flow.
I. Flow in the fetal aorta

А P á l ,* A K u r j a k
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T h e  d escen d in g  p a r t  o f  th e  fe ta l a o r ta  w as exam ined  in  a  to ta l  o f  101 
h e a lth y  p re g n a n t w om en on  146 occasions be tw een  th e  28 th  a n d  4 1 st weeks 
o f  p re g n a n c y . A  K ra n z b ü h le r  8130 D u p le x  D o p p le r a p p a ra tu s  w as used 
th ro u g h o u t. I t  w as found  th a t  th e  b lood  flow  com pared  to  th e  estim a ted  
fe ta l w e ig h t w as n e a r  to  th e  sam e v a lu e  (180-200 m l/m in /k g ) d u rin g  th e  
th ird  tr im e s te r . T h e  abso lu te  volum e o f  b lood  flo w —n o t re la te d  to  fe ta l 
b o d y  w e ig h t—in creased  a b o u t th ree  tim es  fro m  th e  28 th  w eek  to  te rm  (200- 
600 m l/m in ) . T h e  d ia m e te r  o f  th e  fe ta l a o r ta  increased  fro m  3 -4  m m  to  7-8 
m m  d u rin g  th e  3rd  tr im e s te r . T he v e lo c ity  o f  b lood flow  f lu c tu a te d  betw een 
w ide lim ite  (2 0 -4 0  cm /sec), b u t  th e  a v e rag e  w as 28-32  cm /sec . T he  A /B

ra tio s  (A =  sy s to lic  peak , В  =  end d ias to le ), th e  R esis tan ce  In d ex es

th e  P u ls a ti l i ty  In d ex es  

th ird  tr im e s te r .

____А — В  I
m ean  freq u en cy  )

w ere n ea rly  th e  sam e d u rin g  th e

Examination of the fetal cardiac 
and circulatory system was for long 
equivalent to examine the fetal heart 
by stethoscope. Later, use of the 
cardiotocograph was adopted and the 
fetal heart and big vessels could be 
made visible by В-mode ultrasound. 
In 1977, a non-invasive method was 
described [5, 11] where the ultrasound 
В-mode was combined with Doppler 
technique and in this way it became 
possible to study the fetal blood flow 
velocity waveforms. Then Gill [6] 
described the quantitative examina­
tion of the fetal blood flow by this 
method, and in 1980 Eik-Nes et al 
[2] applied the procedure to study the 
blood flow in the fetal aorta.

The aim of the present work was to 
study the blood flow velocity wave­
forms of the fetal aorta and to mea­
sure the quantitative value of the 
blood in the third trimester of preg­
nancy. Furthermore, we intended to 
give some data of the fetal physiolog­
ical circumstances by the help of 
measuring the diameter of the fetal 
aorta and the velocity of blood flow.

M a terial  and Methods

A  to ta l  o f  101 h e a lth y  p re g n a n t w om en 
w ere ex am in ed  on  146 occasions betw een  
th e  28 th  a n d  4 1 st w eeks o f  g e s ta tio n . T heir 
a v e rag e  age  w as 24.2 (from  17 to  41) years. 
T h ey  w ere  free  from  co m p la in ts , th e y  did 
n o t use  d ru g s  ex cep t haem o p o e tic s  and
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n o n e  o f  th e m  w as a  sm oker. T h e  d a te  o f 
th e  l a s t  m e n s tru a l period  w as e x a c t  in  all 
cases , a n d  th e  age o f p re g n a n c y  w as also 
s u p p o r te d  in  th e  f irs t tr im e s te r  b y  u l t r a ­
so u n d  ex am in a tio n  in  80%  o f th e  cases. 
A ll e x am in a tio n s  w ere p e rfo rm ed  b y  th e  
sam e  p e rs o n  (A .P.).

T h e  p rin c ip le  o f th e  e x a m in a tio n  w as 
b a sed  o n  th e  D oppler effect, i.e . i f  a  s ta tic  
so u rc e  e m its  som e sound th a t  is  re f le c tin g  
f ro m  a  m o v in g  surface, th e  fre q u e n c y  o f 
th e  s o u n d  w ill change d e p e n d in g  o n  th e  
d ire c tio n  a n d  th e  ve loc ity  o f  th e  m ov ing  
o b je c t . I f  th e  d irec tion  o f  th e  m ov in g  
o b je c t  is  n e a r  to  th e  rece iver th e  fre q u e n c y  
in c re a se s , i f  i t  is d eparting  fro m  th e  rece iv e r 
th e  f r e q u e n c y  decreases. T h e  f re q u e n c y  
c h a n g e  is in  d irec t p ro p o r tio n  w ith  th e  
v e lo c i ty  o f  th e  m oving o b jec t. T h ese  f r e ­
q u e n c y  ch an g es  a re  called D o p p le r  sh if t. I f  
th e  u lt r a s o u n d  beam  m oves, th e  m o v in g  
e ry th ro c y te s  function  as re f le c tin g  su rface  
a n d  th e y  change th e  f re q u e n c y  o f  th e  
re f le c te d  u ltra so u n d . T he D o p p le r s h i f t  can  
b e  d e sc r ib e d  b y  th e  follow ing e q u a tio n :

2 xf0x v x  cos & 
fd = --------- c----------

w h e re

fd == D o p p le r  sh ift 
fQ =  fre q u e n c y  of th e  em itte d  so u n d  
V =  v e lo c i ty  o f th e  re f le c tin g  su r fa c e  
& =  a n g le  betw een  th e  d ire c tio n  o f  th e  

u l t r a s o u n d  beam  a n d  th e  m ov ing , 
re f le c t in g  object

c =  v e lo c i ty  o f th e  u lt ra so u n d  in  th e  
e x am in ed  m a te ria l (in  b lo o d  1570 
cm /sec )

T h e  D o p p le r  sh ift is aud ib le  fo r th e  h u m a n  
ea r, p ro v id e d  th a t  th e  f re q u e n c y  o f  th e  
e m itte d  so u n d  is betw een 1-10 M H z. H ence , 
th e  c h a n g e s  o f  th e  velocity , o r th e  v e lo c ity  
it s e l f  c a n  b e  m ade aud ib le .

T h e  b lo o d  flow  (Q) inside th e  ex am in ed  
vessel c a n  b e  ca lcu lated  w ith  th e  h e lp  o f 
th e  u p p e r  equation , as

Q =  v e lo c ity  X cross sec tiona l a re a  o f  th e  
vesse l

w here

V  =  v e lo c ity  o f  th e  blood
d  =  d ia m e te r  o f  th e  vessel

A  K ra n z b ü h le r  8130 D u p le x  D opp ler 
a p p a ra tu s  w as used in  a ll o f  th e  e x a m in a ­
tions. T he  lin e a r tra n sd u c e r  (3 M H z) w as 
connec ted  w ith  th e  D o pp ler tra n s d u c e r  (2 
M Hz) to  50°, th e  d irec tio n  o f  th e  D opp ler 
u ltra so u n d  b e a m  an d  th e  sa m p le  vo lum e 
w ere co n tro lled  on  th e  m o n ito r . F req u en cy  
analysis w as perfo rm ed  b y  a  co m p u te r  
b u il t  in  th e  m ach in e  using  th e  D isc re te  
F o u rie r T ran sfo rm a tio n .

T he  cou rse  o f th e  e x a m in a tio n  w as as 
follows. T h e  p osition  o f  th e  fe tu s  w as lo c a t­
ed b y  th e  lin e a r tra n sd u c e r . T h e  c ircu m ­
ference o f  th e  abdom en  w as m easu red  a t  
th e  h e ig h t o f  th e  um bilical ve in , a n d  th e  
fe ta l w e ig h t w as e s tim a ted  o n  th e  basis 
o f th is  re s u lt  [9]. S u b seq u en tly , th e  D o p ­
p le r u ltra so u n d  b eam  w as d ire c te d  to  th e  
fe ta l a o r ta  an d  th e  sam ple  v o lu m e  w as se t. 
T he fe ta l descend ing  a o r ta  w as a lw ays 
exam ined  ju s t  ab o v e  th e  d ia p h ra g m , as 
th e  a o r ta  h a s  no  b ran ch es h e re , so th is  
p a r t  is free  fro m  th e  tu rb u le n t flow , w hich 
w ould d is to r t  th e  resu lts . E a c h  ex am in a ­
tion  w as p e rfo rm ed  in  th e  p e rio d  o f  fe ta l 
ap n o ea  as  th e  in tra th o ra c ic  a n d  in t ra a b ­
dom inal p re ssu re  changes ta k in g  p lace  as 
th e  re s u lt o f  th e  fe ta l b re a th in g  m o v em en t 
a ffec t th e  b lood  flow  [1, 3, 12]. T h en  th e  
angle b e tw een  th e  re flec ted  u ltra so u n d  
beam  an d  th e  vessel w as d e te rm in e d . T h e  
exam ined  p a r t  o f  th e  a o r ta  w as en larged  
and  th is  d ia m e te r  w as m easu red  rep ea ted ly . 
S ubsequen tly , on  th e  basis o f  th e  average  
d iam ete r , th e  a p p a ra tu s  c a lc u la ted  th e  
q u a n ti ty  o f  th e  b lood flow  (m l/m in ) th e  
re su lt o f  w h ich  w as re a d  d ire c tly  an d  d i­
v ided w ith  th e  e s tim a ted  fe ta l w eigh t.

T he  conclusion  can  be  seen in  F igure 1. 
L eft side u p :  th o ra x  o f  th e  fe tu s , a o rta , 
d irec tion  o f  th e  u ltra so u n d  b e a m  (d o tted  
line), size o f  th e  re flec ting  u ltra so u n d  sign 
(traced  line), a n d  angle  be tw een  th e  u l t r a ­
sound  b e a m  a n d  th e  vessel c a n  be  seen. 
Left side, below: en larged  p ic tu re  o f  th e  
exam ined  p a r t  o f th e  a o rta . T h e  d ia m e te r
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F ig . 2. B lood flow  in  th e  fe ta l a o r ta  d u rin g  th e  2 8 -4 1 s t weeks o f p re g n a n c y  (x  ! SD)

o f th e  vessel w as m easu red  5 tim es an d  th e  
av e rag e  va lu e  can  be found  ju s t  below  it 
(TM1): 3.2). R ight side, u p :  blood flow 
d ia g ra m  c h a ra c te r is tic  w ith  th e  fe ta l a o rta  
B elow  th a t :  blood flow  ve loc ity  (29 cm /see), 
m ean  freq u en cy  va lu e  (526 H z), angle 
be tw een  th e  exam ined  vessel and  th e  u l t r a ­
sou n d  b eam  (46°), an d  blood flow  (146 
m l/m in) can  be read  d irec tly .

T h e  w avefo rm s o f  th e  blood velocity , 
t h a t  is th e  D opp ler sh if t can  be seen on 
th e  co o rd in a te  o f  th e  m o n ito r and  its  values 
c a n  be  re a d  on  th e  o rd in a te , w hile th e  
tim e  on  th e  abscissa.

E v a lu a tio n  o f  th e  va lues w as m ade using

th e  A/В  ra tio  [15], R esis tan ce  Index  Ш,I =  

[13] and  P u lsa tility  Index

( p i  = -------— ? --------- Ï  [7], w h ere  A  =
V m e a n  frequency!
=  sy s to lic  peak , В  =  end d ia s to le .

T h e  exam in a tio n  w as un su ccessfu l in
8—10%  o f  th e  w om en becau se  o f  s tro n g
fe ta l t r u n k  m ovem ents and  fe ta l  b re a th in g ;
su ch  cases w ere neglected.

E x a m in a tio n  o f in tra -o b se rv e r  fa ilu re
w as m a d e  b y  S tu d e n t’s t te s t .

R e s u l t s

Blood flow volume in the fetal aorta 
showed approximately the same value 
in the third trimester (180-200 ml/ 
min/kg) (Figure 2). Not taking into
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F ig . 3. D ia m e te r  o f fe ta l a o r ta  be tw een  th e  2 8 th  a n d  4 1 s t w eeks of g es ta tio n  (x  +  SD)

F ig . 4 . B lood  flow  v e lo c ity  in  fe ta l a o r ta  b e tw een  th e  2 8 th  and  41st w eeks o f  g e s ta tio n
(x +  SD)

consideration the fetal body weight, 
but considering a fetus of about 1000 
g at the beginning and 3000 g at the 
end of the third trimester, the blood 
flow increased about threefold (from 
180 — 200 ml/min/kg to 540-600  
ml/min).

The fetal aorta increased in diame­
ter from 3-4 mm (28th week) to 7-8 
mm (40th week) (Figure 3).

Blood flow velocity in the aorta 
fluctuated between wide limits (20- 
40 cm/sec), but the average value of 
28-32 cm/sec seemed to decrease to 
26-28 cm/sec after the 38th week of 
pregnancy (Figure 4).

Both the A/В ratio (4.0-5.0) and 
the Resistance Index (RI =  0.7-0.8) 
were practically at the same level 
during the third trimester. The Pulsa- 
tility Index was about 3.0 and in­
creased moderately after the 38th 
week (Figure 5).

Examination of the intra-observer 
failure took place as follows: measure­
ments were repeated every ten min­
utes in the same pregnant by the same 
examiner. A total of 10 pregnant wom­
en was examined in this way. No 
significant difference could be found 
(p )> 0.05) in comparison of the two 
groups: concerning blood flow (ml/
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F ig . 5. A/В  ratio, (A
В

m ean  frequency  )

28 30 32 34 36 36 40
G estational weeks

sys to lic  peak , В  =  end d iasto le), P u ls a t i l i ty  Index  
A  — В

an d  R es is tan ce  In d e x“ m  1
in  fe ta l a o r ta  b e tw e e n  th e  28th

a n d  4 1 st w eeks o f  g e s ta tio n  (x +  SD)

min/kg), the diameter of the aorta 
(mm), the velocity of blood (cm/sec) 
and the A/В ratio, Resistance Index 
and Pulsatility Index.

D i s c u s s io n

The waveform in the fetal aorta is 
biphasic, showing a continuous for­
ward flow during the diastole. No re­
verse flow was to be seen (Figure 6). 
This is characteristic of an arterial 
blood vessel system of low resistance. 
Practically no change in the resistance 
of this system could be detected during 
the third trimester; this was demon­
strated with the practically un­
changed values of the A/В ratio, the 
Resistance Index as well as the Pul­

satility Index. The shape of the wave­
form of fetal blood flow in the aorta 
underwent a significant change in the 
third trimester, though the indexes 
mentioned above did not demonstrate 
it. While Figure 1 shows the so-called 
“ski-slope”-like waveform characteris­
tic of the 28th gestational week, Fig­
ure 6, which was produced in the 36th 
week, showed a much more complex 
waveform. The so-called “incisural 
notch” indicating the end systole 
could be seen, furthermore the change 
of systole and diastole as a function of 
time could distinctly be distinguished. 
Data in the literature concerning fetal 
aorta blood flow are not entirely ho­
mogeneous. Eik-Nes et al [2] exam­
ined 26 healthy fetuses between the 
32nd and 41st weeks of pregnancy. In
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F ig . 6. B lood  flow  in d escend ing  a o r ta  o f a  36 weeks old fe tu s . L eft side, above, cross-section  
o f  f e tu s  a n d  ao rta . T he  d ire c tio n  o f  th e  D oppler b e a m  is in d ica ted  b y  th e  d o tte d  line, 
a n d  a t  i t s  end  th e  tra ced  line sh o w s th e  sam ple volum e o f  D o p p le r u ltrasound . T he  s tra ig h t 
line  enc lo s ing  an  angle o f  54° w ith  it, w ith  a cross a t  th e  en d , rev ea ls  th e  angle  be tw een  
th e  u l t ra so u n d  beam  an d  th e  e x am in ed  vessel. L eft side, d o w n :  en larged  p a r t  o f  th e  a o rta . 
T h e  sq u a re s  and  cross show  i t s  d iam eter. M easu rem en t w as rep ea ted  five  tim es , th e  
a v e ra g e  can  be read  d ire c tly  o f f  th e  figu re  (TMD =  5.5). R ig h t side, above specific w ave­

fo rm  of th e  a o r ta . R ig h t side, bo ttom  c a lc u la ted  d a ta  c a n  be read  o ff

this period the blood flow in the de­
scending part of the fetal aorta was 
191 d; 12 ml/min/kg estimated fetal 
weight. Van Lierde et al [16] examined 
20 healthy pregnants between the 
32nd and 41st weeks of gestation; the 
blood flow found by them was 216 ±  
±  24 ml/min/kg, and its velocity 
27.7 i  6.7 cm/sec. In 4 women be­
tween the 37th and 40th weeks of 
gestation Wladimiroff and McGhile
[18] found a blood flow of 168-179 
ml/min/kg. Thus, our results corre­
spond best to those of Eik-Nes 
et al [2].

Blood flow velocity in the fetal 
aorta fluctuated between the limits 
observed by other authors [4, 8, 10].

The diameter of the aorta increased 
by about 50% from the beginning of 
the third trimester to its end, as re­
ported by others [4, 10]. The blood 
flow compared to the estimated fetal

weight remained approximately at the 
same level during the third trimester. 
Fetal weight increased about three 
times from the beginning of the first 
trimester to term; this means that if 
the blood flow was estimated without 
taking fetal weight into consideration, 
in ml/min it also increased three times 
by the end of the third trimester. 
This augmented blood flow must be 
attributed to changes of the fetal 
anatomical conditions, mainly to the 
increase of the diameter of the fetal 
aorta.

It is known from experiments on 
lamb fetuses [14] that about 70% of 
the fetal cardiac output reaches the 
descending part of the aorta, and 
cardiac output is about 800-900 ml in 
the human fetus at term [17]. Thus, 
in a term fetus of 3200 g, 640 ml/min 
blood may be calculated to flow in the 
descending part of the aorta, and this
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corresponds well to the lamb experi­
ments described above, i.e. that about 
70% of the cardiac output reaches the 
examined part of the aorta.
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