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Problems associated with quantitative fetal blood f low
measurements.

Baumann ,H. ,A .Berec ,F .Fa l l ens te in ,K .Ve t t e r ,A .Huch ,R .Huch , Zuer ich/CH.

The c o m b i n a t i o n of r e a l t i m e scanner and pulsed doppler technique has
become a p r o m i s i n g n o n i n v a s i v e method for studying blood f low in the
f e t a l aorta and u m b i l i c a l v e i n ( l ) . We use an 8130 Kranzbuehler 3.5 MHz
r e a l t i m e scanner w i t h a 2 MHz pulsed doppler wi th a sample volume of
f i x e d s ize ope ra t i ng at a p u l s e repetition frequency (PRF) of 2.5 or
5.0 K H z . The a n g l e between the dopp l e r beam and the l inear array is
f i x e d at 50 degrees. The most impor tan t feature is the instrument 's
a b i l i t y to d i s p l a y the realtime image and the doppler spectrum signal
s i m u l t a n e o u s l y . The m a x i m u m depth of measurement in the simultaneous
mode is 15 cm for a PRF of 2.5 KHz and 7.5 cm for 5 KHz . Doppler shifts
generated by f l o w d i r ec t ions towards the transducer and away from it
are processed separately. Flow measurements are evaluated off l i ne from
frozen images reflecting a doppler signal record free of artefacts. The
a n g l e between dopp le r beam and vessel and the diameter of the vessel
are determined by posi t ioning the direction l ine and the calipers us ing
the ope ra t i ng p a n e l . The area of measurement can be magn i f i ed twice
t h u s p r o v i d i n g a r e so lu t i on of .4 mm for diameter measurements. The
i n s t r u m e n t c a l c u l a t e s a f l o w velocity curve from the doppler spectra
and d i s p l a y s it on the m o n i t o r . A mean ve loc i ty over an adjustable
i n t e r v a l of the stored section (e .g . one fetal heart cycle) and the
c o r r e s p o n d i n g b lood f l o w v a l u e are also displayed. This procedure of
off l ine processing can be repeated on the frozen image.

Before app ly ing the equipment to c l i n i ca l research we investigated its
c h a r a c t e r i s t i c s by means of an in v i t ro m o d e l : A p l a s t i c tube was
embedded in a large water bath and perfused w i t h a cellulose water
s u s p e n s i o n or pig b lood by a roller pump in order to provide exactly
p rede t e rmined f l o w rates between 200 and 600 m l / m i n . We performed
regress ion analyses of the doppler determined f low and preset f low for
b o t h f l o w m e d i a , d i f f e r e n t dep ths o f measurement a n d both f l o w
directions. An excerpt of the results is shown in the table.

flow direction

flow medium

depth of
measurement

forward
y « 54.56 + 1.2θχ
r - .998
n «- 20

pig blood
y - 54.56 + 1.26x
r - .998
η «* 20

50 mm
y - 85.12 + 1.154*
r - .995
n - 20

reverse
y - 30.28
r « .998
n - 20

cellulose
y - 83.82
r - .995
n - 20

70 mm
y - 54.56
r - .998
n - 20

+ 1.277X

suspension
+ 1.29x

+ 1.26x
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All dopp le r measurements were overest imated by a positive additive
cons tan t . This is a known effect and is ma in ly introduced by h igh pass
f i l t e r s w h i c h remove low frequency components produced by vessel wal l
m o t i o n s ( S ) . The slopes of the regression lines have been found to be
greater than 1, but pract ical ly identical in al l series of experiments.
A correct ion in the c a l c u l a t i o n a l g o r i t h m may overcome the latter
p r o b l e m . Regarding the l ineari ty expressed by a close to 1 correlation
in all series, it can be c o n c l u d e d that - from a technical point of
view - this equipment is able to measure blood f low in the human fetus.

Measurements in pregnant women however showed addi t iona l problems. The
optimal angle between doppler beam and vessel is 40 to 60 degrees. This
requires the vessel to appear on the monitor almost hor izontal ly , which
is sometimes d i f f i c u l t to accomplish since the realtime transducer and
the dopp le r t r ansducer are mounted to a fixed uni t . An adjustment of
the s i z e of the s a m p l e v o l u m e and the p o s s i b i l i t y of c o n t i n u o u s
adjustment of its position would be an improvement.

Ano the r source of error arose from the a l i a s i n g effect of h igh f low
v e l o c i t i e s on the doppler spectrum. It can be e l iminated by us ing the
h i g h e r P R F . But unfor tuna te ly the s imultaneous realtime image is lost
if the vessel lies deeper than 7.5 cm.

A ve ry l i v e l y f e t u s m a k e s m e a s u r e m e n t s i m p o s s i b l e . We got the
i m p r e s s i o n that very often the fe tus is disturbed by the equipment,
perhaps by the noise of the l inear array.

Other sources of error which can hardly be overcome by this method are
the c h a n g i n g d iamete r caused by pressure waves in the vessel and the
changing f low caused by fetal breathing movements(2) , especially in the
u m b i l i c a l v e i n . We therefore suggest that for comparison of quant i -
t a t i v e resu l t s it is not only necessary to agree on ana tomica l ly well
d e f i n e d points of measurement but also on states of fetal activity and
the phase of pulse wave when measuring the diameter of the vessel under
invest igat ion.

l . E i k - N e s , S . H . , A . O . B r u b a k , M . K . U l s t e i n : Measurement o f human fetal
blood f low. Br.Med.J.:280(1980)283.

2 . E i k - N e s , S . H . , K . M a r s a l , A . O . B r u b a k , M . K . U l s t e i n : U l t r a s o n i c
m e a s u r e m e n t s of h u m a n fe ta l b l o o d f l o w in aorta and u m b i l i c a l vein:
i n f l u e n c e o f f e t a l b r e a t h i n g movements . In : K u r j a k , A . , e d . : Recent
advances in u l t rasonic diagnosis 2, Amsterdam (1980),233.

3 . F a l l e n s t e i n , F . , C . S . K u r z , A . M u c h , R . M u c h : Probleme bei der quant i ta t iven
n i c h t - i n v a s i v e n E r f a s s u n g von B l u t f l u e s s e n mi t H i l f e de r Spektral-
ana ly se von U S - P u l s e d - D o p p l e r - S i g n a l e n . In : Ot to ,R .C. ,F .X.Jann ,Hg. · ,
U l t r a scha l ld i agnos t ik 82, Stuttgart (1983),177.

K l i n i k u n d P o l i k l i n i k f ue r G e b u r t s h i l f e , Depar tement fue r Frauen-
h e i l k u n d e , U n i v e r s i t a e t s s p i t a l Zuer ich, Frauenkl in iks t rasse 10, CH-
8091 Zuer ich , Schweiz.


