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1 Introduction

In the literature of Doppler flow velocity
waveform (FVW) analysis of the umbilical ar-
tery, several authors describe characteristic
changes (a diminished end-diastolic flow) in the
FVW in combination with intrauterine growth
retardation (IUGR) [1, 2, 3, 6, 12, 13, 17]. A
decreased end-diastolic flow is reported to be
indicative of increased fetal placental resistance.
Different indices, originally introduced to
evaluate the pulsatility of the arterial wave-
forms of different vascular beds in adults [4, 5,
10], have been proposed in order to assess the
vascular bed resistance downstream the umbili-
cal artery (figure 1):
— A/B-ratio [5], in American literature S/D

ratio, is defined as peak-systolic flow (A)
divided by end-diastolic flow (B) [3, 13, 16,
17].

— Resistance Index (RI) [10], is defined as
peak-systolic flow (A) minus end-diastolic
flow (B) divided by peak-systolic flow,
((A —B)/A). In his study CAMPBELL [1] re-
ported good correlations between elevated
RI of both the fetal descending aorta and
arcuate arteries and complicated pregnan-
cies.

- Pulsatility Index (PI) [4], is defined as the
difference between peak-systolic and end-
diastolic flow, divided by the mean flow
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((A —B)/mean). Good negative correlations
between fetal growth and the PI of the um-
bilical artery [2, 11, 12] and the fetal
descending aorta [6] are reported, even
weeks to months before IUGR was sus-
pected clinically.

The aim of this study was to evaluate, which
of the above mentioned indices correlates best
with IUGR. Furthermore, the validity of these
indices to predict IUGR has been investigated.
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Figure 1. Three indices of qualitative blood flow mea-
surements of the umbilical artery.

2 Materials and methods

The studied group consisted of 48 pregnant
women. Thirty were patients, admitted to the
obstetrical department with suspected IUGR
or hypertension. The other 18 women attended
the antepartum clinic of St. Radboud Hospital
with an uncomplicated pregnancy. All pregnan-
cies were singleton and accurately dated by
analysis of menstrual history and first trimester
ultrasonographic crown-rump length measure-
ments.
Umbilical artery Doppler spectra were recorded
at a gestational age of 34 + 2 weeks with the
pregnant woman in a left lateral tilt position.
The position of the umbilical cord was located
with a linear-array echo imaging system (Philips
Diagnost R 1000). Doppler spectra were ob-
tained with a bidirectional continuous wave
(CW) unit (Medasonics), using a 5- or 8-MHz
probe in combination with a Radionics SA 8000
spectrum analyzer with the wall thumb filter
switched off (lowest detectable frequency: 73
Hz). Doppler spectra of blood flow do not

contain one frequency as a function of time
but a complete frequency spectrum, due to the
different velocities of the erythrocytes in the
insonated blood vessel. They are represented in
a gray scale image in which "time" is repre-
sented on the horizontal axis, Doppler fre-
quency shift on the vertical axis and the power
of the received Doppler signals in the gray scale
(figure 2). Doppler spectra show bidirectional
information of the blood velocity, both advanc-
ing flow towards and receding flow away from
the probe (figure 2). Usually in the umbilical
artery there is only advancing flow, where re-
ceding flow in the same spectrum is in most
cases due to Doppler shifts from the umbilical
vein, which is insonated at the same time. Re-
ceding arterial flow, due to a very high fetal
placental resistance, is a rarely described phe-
nomenon [18] and can easily be distinguished
from venous flow, due to its pulsatile character.
The real-time display of the Doppler spectra
helps to optimize the insonation of the vessel.
The pencil-probe is manipulated untill best
quality signals are obtained, which are defined
by the absence of high intensity spots in the
gray scale figure near the baseline (indicative
for vessel wall movements) and a concentration
of high intensity near the maximum frequency
(indicative for insonating the center of the ves-
sel) [19]. The pattern of the umbilical artery
FVW is easily recognized and distinguished
from other fetal Doppler spectra. With the 5-
MHz probe the maximum Doppler frequency
shift does not usually exceed 4 kHz. Therefore,
in all recordings the frequency range —2,5 to
+ 7,5 kHz was used (figure 2).
Only recordings during fetal apnea were ac-
cepted, since considerable distortion of the
Doppler spectrum can be noticed during fetal
breathing or hiccups [8]; this was checked
echoscopically immediately before and after the
flow measurements. Once optimal spectra were
visible on the display of the spectrum analyzer,
the image of the last 4 seconds was freezed.
Starting with the first complete heart beat, the
complete Doppler spectrum of 125 spectral
lines with a resolution of 8.3 ms (total duration
1.04 s) was fed via a serial line (RS 232) into a
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Figure 2. Gray scale image of Doppler spectra of the umbilical artery, in which time is on the horizontal axis, Doppler
frequency shift on the vertical axis and the power of the received Doppler signals in the gray scale. Advancing flow
towards the probe above the horizontal axis, receding flow beneath the axis. In the first part of the spectrum the
umbilical vein is insonated together with the umbilical artery: note the maximum frequency (MAX-)
curve of this venous flow beneath the axis. Fmax (= A), Fmean (= mean) and Fiow (= B) are calculated from the M AX-
curve of the advancing flow.

MNC 11/23 computer for further analysis. The
indices were calculated from the maximum fre-
quency curve (MAX-curve) which was derived
off-line from the Doppler spectra. This MAX-
curve represents the velocity of the fastest mov-
ing blood cells during the heart cycle (figure 2).
Although the procedure in the determination
of the MAX-curve of flow in vessels of adults
is to process advancing and receding flow separ-
ately and to combine both MAX-curves after-
wards to a single curve, we processed only the
advancing MAX-curve since the umbilical vein
is insonated frequently together with the umbil-
ical artery.
The algorithm, by which the MAX-curves have
been derived from the Doppler spectra, com-
prises local convolution of the spectra with a
window which is 3 spectral lines wide and 5
frequency bits high and comprizes a 20 Hz FFT
low-pass filtering of the MAX-curve. From the
advancing MAX-curve the maximum fre-

quency (Fmax), the mean frequency (Fmean) and
the lowest frequency (Flow) were calculatad
from the first complete heart beat. The Fmax
was defined as the maximal value of the MAX-
curve during the first heart beat (figure 2). The
Fmean was calculated from the onset of the first
heart beat to the onset of the second heart
beat in the spectrum (figure 2). The onset of a
heartbeat was defined as the time, at which the
MAX-curve showed a significant increase with
respect to the pre-onset frequency for at least
5 consecutive spectral lines. The Flow was calcu-
lated as the average value of the MAX-curve
during 4 spectral lines (a period of 33.2 ms)
and 4 spectral lines (33.2 ms) prior to the onset
of the second heart beat (figure 2).
PI, RI and A/B ratio were then calculated from
Fmax (= A), Fmean (= mean) and Flow (= B). The
indices were correlated with the birthweights of
the children. Small for gestational age (SGA)
was defined as less than the 10th weight percen-
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tile of KLOOSTERMAN [7]. The results of the ap-
propriate for gestational age (AGA) group were
compared with those of the SGA group.
The validity of the three indices in predicting
IUGR was estimated by sensitivity and speci-
ficity (table I).
Furthermore, the Receiver Operating Charac-
teristics (ROC curves) of the flow indices were
plotted. ROC curves graphically visualize the
effects of changes in the cut-off point on test-
sensitivity: on the vertical axis true-positive ra-
tio (TPR) or sensitivity is plotted against false-
positive ratio (FPR) or specificity for various
cut-off points on the horizontal axis [9]. Using
these ROC curves, it is possible to compare our
results in terms of sensitivity and specificity
with those, reported by others.

At last we compared the results of the flow
measurements of those pregnancies with fetal
distress (as suspected by cardiotocography and
resulting in a primary cesarean section) with
those without fetal distress.

3 Results

Thirty-three patients were delivered of an AGA
child and 15 patients were delivered of a SGA
child. Table II presents some general data of
the two groups. The high mean diastolic RR
of the AGA group is due to the large number
of patients in the studied group, admitted be-
cause of hypertension who nevertheless were
delivered of an AGA child. Table III presents
the mean value and standard deviation of the

Table I. Calculation of test-evaluation.

Test abnormal
normal

Sensitivity
Specificity

Outcome

abnormal

A (True positive)
C (False negative)

: A/(A + C) χ 100%
: D/(B + D) χ 100%

normal

B (False positive)
D (True negative)

Table II. Study-group characteristics.

Group SGA
(< p 10)

Number of patients
Mean gestational age (and S.D.), when performing measurements (days)
Mean maximal diastolic RR (and S.D.) (mmHg)
Mean gestational age (and S. D.), at delivery (days)
Primary cesarean section (fetal distress)

15
238

91.0
270

5

(±
(±
(±

7)
11.1)
14)

Group
( > p i

33
242

87.2
271

2

AGA
0)

(±
(±
(±

7)
11.8)
11)

Birthweight
— mean (and S. D.):
— frequency distribution:

1000-1499 g
1500-1999 g
2000-24999 g
2500-2999 g
^ 3000 g

Mean pH (and S.D.) of umbilical artery

2265 (± 465) 3175 (± 497)
0
l
2
5

25

7.23 (± 0.05) 7.23 (± 0.06)

SGA = small for gestational age; AGA = appropiate for gestational age
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Table ΙΠ. Mean value (and S. D.) of PI, RI and A/B The ROC curves of the PI and A/B ratio are
ratio in the compared groups (SGA versus AGA).

SGA (< p 10) AGA (> p 10)
(n = 15) (n = 33)

PI
RI
A/B ratio

1.05(0.30)
0.63 (0.10)
2.98 (0.96)

0.85 (0.20)
0.57 (0.08)
2.43 (0.58)

P = 0.04
P = 0.04
P = 0.04

three indices in both groups. The results of both
groups were compared with the Mann-Whitney
U-test. All three indices were significantly elev-
ated in the SGA group as compared with the
AGA group with a p-value of 0.04 for PI, RI
and A/B ratio. The correlations between the
three indices were calculated. The Spearman
correlation-coefficient of PI with RI was 0.995
and that of PI with A/B ratio was 0.994. The
correlation coefficient of RI with the A/B ratio
was 0.998. Figure 3 gives a graphical represen-
tation of the correlation between PI and A/B
ratio.

A / B ratio -

A.O-

3.0-

2.0-

1.0-

0 ΟΛ 0.8 1.2 1.6 2.0
PI

Figure 3. Grafical presentation of the correlation be-
tween PI and A/B ratio. The Spearman correlation-
coefficient of PI and A/B ratio was 0.994.

presented in the figures 4 and 5. Figure 5 is
presented in order to compare our results with
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Figure 4. The ROC curve of the PI of the umbilical
artery of the studied group. Changes in cut-off point
(value of PI, discriminating between normal growth and
IUGR) causes subsequent changes in sensitivity and
specificity, or TPR and FPR. One cut-off point (PI =
1.1) is plotted in the curve.

Sensitivity T.P.R.
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Figure 5. The ROC curve of the A/B ratio of the umbili-
cal artery of the studied group. Note that the shape of
the curve is equal to the curve of figure 4 due to the
high correlation of both indices. The cut-off point of
Fleischer (S/D ratio = 3) is plotted in the curve ( + )·
Our corresponding A/B ratio is between 2.8 and 3.0, so
comparable with the value of Fleischer.
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those, reported by FLEISCHER et al. [3], who
used the S/D ratio (or A/B ratio) in their FVW
analysis. Arbitrarily, sensitivity and specificity
were calculated for the cut-off points PI = 1.1
and A/B ratio = 3.0. Choosing the discriminat-
ing PI of 1.1 a sensitivity of 53.3% with a
specificity of 87.9% was found (table IV, figure
4); in case of the discriminating A/B ratio of
3.0 the same number of true-positives, true-
negatives, false-positives and false-negatives
(with the sensitivity of 53.3% and specificity of
87.9%, figure 5) were found.

Table IV. Evaluation of an increased PI (^ 1.1) in pre-
dicting SGA, at gestational age of 34 + 2 weeks.

SGA (< p 10) AGA (^ p 10) Totals

PI ^ 1.1
PI < 1.1
Totals

Sensitivity
Specificity

8
7

15

4
29
33

53.3%
87.9%

12
36
48

Regarding table IV, there were 4 patients with
increased PI values, who nevertheless were deli-
vered of a AGA child. One of them delivered
of a child with Down syndrome (developing
fetal distress some time after the flow measure-
ments). Another patient had severe hyperten-
sion and also showed fetal distress some days
later. For this reason we focused on fetal dis-
tress and tried to relate PI of the umbilical
artery to it. The mean value of the PI of those
pregnancies with fetal distress (n = 7) was 1.27
(+ 0.34), the mean PI of the those pregnancies
without fetal distress (n = 41) was 0.85
(± 0.18). This difference is highly significant
(U-test: p = 0.005).

4 Discussion

All three indices showed a significant difference
in value between AGA and SGA children. The
correlation between the indices appeared to be
very high (close to one). There was no index,
which discriminated significantly better be-
tween the presented groups than the other two.

For RI and A/B ratio this is not suprising, since
they can mathematically be expressed into each
other as follows:
RI = (A-B)/A = 1-(A/B ratio)-1.
According to this expression, the correlation
between RI and A/B ratio has to be 1 and the
Spearman-correlation coefficients of both PI
with RI and PI with A/B ratio are essentially
the same. So in the following part the study
will be restricted to PI and A/B ratio.
One could speculate, that the PI should discri-
minate less consistently between normal and
increased peripheral resistance than RI or A/B
ratio, since in the calculation of the PI the mean
flow is also taken into account. The mean flow
also depends on the frequency of the fetal heart
(the higher the frequency, the higher the mean
flow and the lower the PI). So PI values will
fluctuate more than the other two indices be-
cause of the well-known fluctuations in fetal
heart rate. This disadvantage of the PI is less
pronounced when measuring in a steady state
of the fetus (no gross body movements with
subsequent fetal heart rate accelerations). On
the other hand, the PI can be more accurate
since this index is destined by the complete
waveform, while in the calculation of the A/B
ratio (or RI) only peak-systolic and end-dias-
tolic levels are taken into account. This means,
that in case of changes in the shape of the
waveform (by elevated resistance downstream
without decreased end-diastolic flow level)
these changes are reflected in the value of PI
and not in the value of A/B ratio (or RI).

Despite these considerations we could not find
a difference between the indices in predicting
eventual growth retardation; on the contrary:
the correlation was high, and no arguments
were found to prefer one index above the other.

In relation to the clinical relevance of predicting
growth retardation, to our knowledge only
FLEISCHER et al. [3] have analyzed their results
in terms of sensitivity and specificity. They
choose a discriminating value of their S/D ratio
of 3.0. Their reported specificity of 83.3% was
some what less than our value of 87.9%, al-
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though this difference was not significant (χ2

test: ρ = 0.80). The sensitivity, reported by
FLEISCHER (78.3%) was higher than the sensitiv-
ity in this study (53.3%); however also this
difference was not significant (χ2 test: ρ =
0.20).
In the ROC curve of our A/B ratio (figure 5)
we also plotted the cut-off point of FLEISCHER
(S/D ratio = 3.0). With a comparable speci-
ficity, our flow measurements have a sensitivity
of + 53% in predicting subsequent growth re-
tardation. The discriminating value of our
A/B ratio is between 2.8 and 3.0.
Analyzing our results, the sensitivity of the PI
of the umbilical artery in predicting growth
retardation with an acceptable specificity is ra-
ther disappointing. With a specificity of 87.9%,
only one out of two fetuses will be predicted to
be growth retarded.
In our opinion a diagnostic test, i.e. FVW
analysis of the umbilical artery for prediction
of IUGR should be analyzed preferably by
ROC analysis. Changes in cut-off point with
subsequent changes in sensitivity and specificity
should be evaluated; these changes can be visu-
alized in the ROC curve. In this respect the
aim of the test is particularly important. When
introducing a new test into antenatal care, one
should consider the consequences of demanding
a high sensitivity or specificity.
These preliminary results show that, at a gesta-
tional age of 34 + 2 weeks, FVW analysis of

the umbilical artery probably is not more effec-
tive in the prediction of the IUGR than physical
examination in combination with ultrasound
measurements of the fetus [14, 15].

Growth retardation may have many causes.
Not in all circumstances there is diminished
fetal placental circulation, causing fetal growth
retardation. IUGR can also be explained as a
manifestation of congenital fetal dysfunction,
congenital infectious disease, or it can be consti-
tutional, as the result of a small father/small
mother interaction [14, 15]. In this last case, the
fetus is not supposed to be at risk and will have
normal fetal placental circulation, indicated by
a normal PI of the umbilical artery. From this
point of view, a low sensitivity of the umbilical
artery flow measurements in predicting IUGR
can be partially explained (table IV: 7 SGA
children with PI < 1.1). The preliminary results
concerning PI of the umbilical artery and fetal
distress may indicate, that there is a better
relation with the development of fetal-distress
later on in pregnancy. Indeed, a growth re-
tarded fetus is at risk for developing fetal dis-
tress, but also a AGA fetus can develop distress,
i. e. when there is a diminished utero-placental
flow in case of (severe) hypertension at the end
of pregnancy.

Perhaps the clinical use of flow measurements
of the umbilical artery may be more valuable
in predicting fetal distress than in predicting
growth retardation.

Summary

The literature reporting Doppler ultrasound flow veloc-
ity waveform analysis of the umbilical artery and its
applications for detecting intrauterine growth retarda-
tion (IUGR) is growing rapidly. Several indices origi-
nally introduced to evaluate different vascular beds in
adults, are used to assess the vascular bed resistance
downstream the umbilical artery (i. e. the placental bed).
A higher resistance in this placental bed causes a de-
creased end-diastolic flow, which is described in combi-
nation with I GR. The three most commonly used flow
indices are: A/B ratio, Resistance Index (RI = (A —B)/
A) and Pulsatility Index (PI = (A-B)/mean).
In this study we evaluated which of these indices corre-
lated best with IUGR. We calculated the three above

mentioned indices from the same recordings of the blood
flow (at a gestational age of 34 ± 2 weeks) and corre-
lated the results with the subsequent birthweight of the
child. In the studied group (n = 48) 15 children were
small for gestational age (SGA = < Ρ 10) and 33
children were appropriate for gestational age (AGA =
> Ρ 10).
All three indices showed a significant difference in value
between AGA and SGA children (see table III). The
Spearman correlation-ceofficients were calculated and
were approximately one. So there was a high correlation
between all three indices. This indicates that the different
indices have the same relation to IUGR. Thus, no argu-
ments were found to prefer one index above the other.
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In the second part of the study we investigated the
validity of these indices to predict IUGR. The validity
can be estimated from two components: the sensitivity
and specificity. Both sensitivity and specificity are deter-
mined by the value of the index which discriminates
between AGA and SGA. Changes in this discriminating
value (the so-called cut-off point) will change both sensi-
tivity and specificity. This last effect can be visualized
in the Receiver-Operating-Characteristic (ROC) curve,
which plots sensitivity against specificity for different
cut-off points (see figures 4 and 5). Arbitrarily sensitivity
and specificity were calculated for the cut-off points PI
= 1.1 and A/B ratio = 3.0. Choosing these cut-off
points, the same specificity of 87.9% with a sensitivity
of 53.3% were found (table IV). It is concluded, that the
sensitivity of the PI of the umbilical artery in predicting
growth retardation with acceptable specificity is rather
disappointing. A possible reason for this is discussed.
Growth retardation may have many causes. Not in all
circumstances there is a diminished fetal placental circu-
lation, i.e. in case of the constitutionally small fetus
(small mother/small father interaction). This fetus is not
supposed to be at risk and will have normal fetal placen-
tal circulation.
We also compared our results of specificity and sensitiv-
ity with the results reported by FLEISCHER et al. [3], who

also have analyzed the validity of their flow measure-
ments. For that reason also the ROC curve made up by
the different A/B ratio's of the studied group is presented
and in this curve FLEISCHER'S cut-off point (S/D ratio
= 3.0) with the reported sensitivity of 78% and speci-
ficity of 83% was plotted (figure 5).
Our sensitivity was ± 53% by choosing a comparable
specificity of 83%, so lower than the sensitivity of 78%
reported by FLEISCHER. This difference was however not
significant ( 2 test: = 0.20) due to the small groups
in both studies. With this specificity of 83% the discrimi-
nating value of our A/B ratio was between 2.8 and 3.0,
so comparable with FLEISCHER'S S/D ratio of 3.0 (figure
5).
Because of the disappointing sensitivity for predicting
IUGR we also related one of the three indices (PI) of
the umbilical artery to fetal distress (as suspected by
cardiotocography and resulting in a primary sesarean
section). The mean PI of those pregnancies with fetal
distress (n = 7) was 1.27 (± 0.34), the mean PI of those
without fetal distress (n = 41) was 0.85 (± 0.18). This
difference was highly significant (p = 0.005).
From these first results it may perhaps be concluded,
that the clinical use of flow measurements of the umbili-
cal artery may be perhaps more valuable in predicting
fetal distress than in predicting IUGR.

Keywords: A/B-ratio, Doppler ultrasound, growth retardation, Pulsatility Index, Resistance Index, umbilical
artery.

Zusammenfassung

Vergleich von drei Indizes der umbilikalen Flow-Messung
bezüglich ihrer Aussagekraft bei der Diagnostik einer
intrauterinen Wachstumsretardierung
Die Literatur zum Thema Flow-Geschwindigkeitskur-
ven in der Umbilikalarterie und ihre Verwertbarkeit zur
Diagnostik einer intrauterinen Wachstumsretardierung
(IUGR) ist inzwischen sehr umfangreich. Einige Indizes,
die ursprünglich zur Beschreibung unterschiedlicher Ge-
fäße beim Erwachsenen dienten, werden eingesetzt, um
den Gefaßwiderstand entlang der Umbilikalarterie, spe-
ziell in der Plazenta zu bestimmen. Ein hoher Wider-
stand in der Plazenta führt zu einem herabgesetzten
enddiastolischen Flow, wie er in Kombination mit einer
IUGR beschrieben wird. Die 3 gebräuchlichsten Indizes
sind: A/B-Ratio, Widerstands-index [RI = (A-B)/A]
und Pulsatilitäts-Index [PI = (A-B)/mean].
In dieser Studie wurde untersucht, welcher dieser drei
Indizes am besten mit einer IUGR korreliert. Bei einem
Gestationsalter von 34 + 2 Wochen wurde die Flow-
Messung vorgenommen und die 3 oben beschriebenen
Indizes berechnet. Nach der Entbindung wurden dann
Indizes und Geburtsgewicht miteinander korreliert. In
dem Untersuchungskollektiv (n = 48) waren 15 hypo-
trophe (P < 10) und 33 eutrophe Kinder (P ̂  10).
Die Indizes der hypotrophen und eutrophen Kinder
unterschieden sich signifikant (Tabelle III). Der Spear-
mansche Korrelationskoeffizient wurde berechnet und

betrug nahezu l, was auf eine hohe Korrelation aller 3
Indizes hinweist; d. h.: die 3 verschiedenen Indizes haben
die gleiche Aussagekraft bezüglich einer IUGR.
Im zweiten Teil dieser Untersuchung wurde die Validität
dieser Indizes bestimmt. Sie läßt sich aus 2 Komponen-
ten abschätzen: Sensitivität und Spezifität. Beide Para-
meter werden über den Indexwert bestimmt, der zwi-
schen Eutrophie und Hypotrophie unterscheidet. Abwei-
chungen von diesem sogenannten Cut-off Point verän-
dern sowohl die Sensivität wie auch die Spezifität. Dies
kann in einer bestimmten mathematischen Charakteri-
stik dargestellt werden, in der die Sensitivität gegenüber
der Spezifität für verschieden Cut-off Points aufgetragen
wird (Abb. 4 und 5). Für die willkürlich gewählten Cut-
off Points PI = 1.1 und A/B-Ratio = 3.0 wurden die
Sensitivität und Spezifität berechnet. Wenn man diese
Cut-off Points wählt, findet man eine Spezifität von
87.9% und eine Sensitivität von 53.5% (Tabelle IV).
Man muß daraus schließen, daß die Sensitivität der
Methode, über den PI der Umbilikalarterie eine Wachs-
tumsretardierung mit einer akzeptablen Spezifität vor-
auszusagen, ziemlich gering ist. Eine mögliche Ursache
wird diskutiert. Die Wachstumsretardierung kann ver-
schiedene Gründe haben. Nicht in allen Fällen ist die
fetale plazentare Zirkulation vermindert, so z. B. beim
konstitutionell kleinen Feten (Interaktion bei kleinwüch-
siger Mutter/klein wüchsigem Vater). Für diese Feten
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liegt kein erhöhtes Risiko vor und die fetale plazentare
Zirkulation ist normal.
Unsere Ergebnisse bezüglich der Spezifität und Sensitivi-
tät haben wir mit denen von FLEISCHER et al. [3] vergli-
chen, die ebenfalls die Validität ihrer Flow-Messungen
analysiert haben. Die mit den unterschiedlichen A/B-
Ratio-Werten unseres Untersuchungskollektivs aufge-
stellte Charakteristik wurde verwendet und darin der
von FLEISCHER gefundene Cut-off Point (S/D-Ratio =
3.0) mit der von ihm beschriebenen Sensitivität von 78%
und Spezifltät von 83% aufgetragen (Abb. 5).
Bei einer vergleichbaren Spezifltät von 83% war unsere
Sensitivität mit + 53% niedriger als die von FLEISCHER
angegebene Sensitivität von 78%. Wegen der kleinen
Fallzahl in beiden Gruppen war dieser Unterschied je-
doch nicht statistisch signifikant (%2-Test: p = 0.20).
Mit dieser Spezifltät von 83% lag der Cut-off Point

unserer A/B-Ratio zwischen 2.8 und 3.0 und war somit
vergleichbar mit der von FLEISCHER angegebenen S/D-
Ratio von 3.0 (Abb. 5).
Da die Sensitivität hinsichtlich der Voraussage einer
IUGR sehr niedrig war, haben wir untersucht, ob einer
der 3 Indizes (PI in der Umbilikalarterie) positiv mit
einem fetalen Distress (laut kardiotokographischem Be-
fund und einer primären Sectio als Konsequenz) korre-
liert. Der mittlere PI bei Schwangerschaften mit Ver-
dacht auf ein fetales Distress (n = 7) betrug 1.27
(+ 0.34), bei Schwangerschaften ohne Komplikationen
(n = 41) 0.85 (± 0.18). Der Unterschied ist statistisch
hochsignifikant (p = 0.005).
Diese ersten Ergebnisse lassen vermuten, daß der klini-
sche Nutzen von Flow-Messungen in der Umbilikalarte-
rie eher auf dem Gebiet der Diagnostik eines fetalen
Distress als einer IUGR liegt.

Schlüsselwörter: A/B-Ratio, Dopplersonographie, Pulsatilitäts-Index, Umbilikalarterie, Wachstumsretardierung,
Widerstands-index.

Resume

Etude comparative de trois indices du debit sanguin ombi-
lical avec la prediction du retard de croissance
La litterature concernant l'analyse des ondes de velocite
sanguine par effets doppler au niveau de l'artere ombili-
cale ainsi que ses applications pour la detection du
retard de croissance intrauterin (RCIU) se developpe
rapidement. Plusieurs indices, primitivement proposes
pour etudier differents lits vasculaires chez 1'adulte, sont
utilises pour determiner les resistances vasculaires au
niveau de Tariere ombilicale (c'est-ä-dire le lit placen-
taire). Des resistances elevees au niveau placentaire en-
trainent une diminution du flux telediastolique, diminu-
tion decrite comme assciee au RCIU. Les trois indices
les plus couremment utilises sont: le rapport A/B, 1'index
de resistance (IR = (A —B)/A) et l'index de pulsatilite
(IP = (A-B)/moyenne).
Dans cette etude nous avons evalue lequel de ces indices
est correle le mieux avec le RCIU. Nous avons calcule
les trois indices mentionnes ci-dessus a partir des memes
enregistrements du debit sanguin (a un age gestationnel
de 34 + 2 semaines) et nous avons correle les resultats
avec les poids de naissance correspondants des enfants.
Dans le groupe etudie (n = 48), 15 enfants etaient hypo-
trophiques (hypotrophie = < 10° percentile), 33 enfants
etaient entrophiques (^10° percentile).
Les trois indices montrent une difference significative
entre les valeurs des enfants hypotrophiques et celles des
enfants eutrophiques (voir tableau III). On a calcule les
coefficients de correlation de Spearman, ils sont approxi-
mativement de 1. Ainsi, il y a une correlation elevee
entre les trois indices. Ceci signifie que les differents
indices sont egalement correles au RCIU. Ainsi, il n'a
pas ete trouve d'arguments pour preferer un index par
rapport aux autres.
Dans la seconde partie de notre etude, nous avons ex-
plore la validite de ces indices pour predire le RCIU.

On peut apprecier la validite a partir de la sensibilite et
ä partir de la specificite. On determine la sensibilite et
la specificite par la valeur de l'index qui permet de
distinguer entre hypotrophie et eutrophie. Les variations
de cette valeur discriminative modifieront et la sensibilite
et la specificite. On peut visualiser ce dernier effet sur
une courbe qui exprime la sensibilite a l'oppose de la
specificite pour les differents points de discrimination
(voir figures 4 et 5). De fagon arbitraire, on a calcule la
sensibilite et la specificite pour les points de discrimina-
tion suivants: IP = 1,1 et rapport A/B = 3. En choissis-
sant ces points, on a trouve la meme specificite de 87,9%
avec une sensibilite de 53,5% (tableau IV).
On en conclut que la sensibilite de dans l'artere
ombilicale pour prevoir un retard de croissance avec une
specificite acceptable est plutöt decevante. On en discute
une raison possible. Le retard de croissance peut avoir
de nombreuses causes. II n'y a pas de diminution de la
circulation foetoplacentaire dans toutes les situations,
par exemple en cas d'hypotrophie constitutionnelle
(interaction petite mere/petit pere). On ne peut pas consi-
derer ce foetus comme etant a risque et il a une circulation
foeto-placentaire normale.
Nous avons egalement compare nos resultats concernant
la specificite et la sensibilite avec les resultats de FLEI-
SCHER et al. [3] qui ont egalement analyse la validite de
leurs mesures de debit. Pour cette raison nous avons
presente les courbes concernant les differents rapports
A/B du groupe etudie et nous avons fait figurer sur
cette courbe les points de discrimination de FLEISCHER
(rapport S/D = 3) avec une sensibilite rapportee de
78% et une specificite de 83% (figure 5).
En choississant une specificite comparable de 83% notre
sensibilite est de 53%, plus faible que la sensibilite de
78% rapportee par FLEISCHER. Toutefois, cette difference
n'est pas significative (test de 2: = 0,2) du fait
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des petits echantillons dans les deux etudes. Avec cette
specificite de 83% les valeurs discriminatives de notre
rapport A/B sont comprises entre 2,8 et 3, comparables
au rapport S/D de FLEISCHER: 3 (figure 5).
En raison d'une sensibilite decevante dans la prediction
du RCIU, nous avons egalement correle un des trois
indices (IP) de l'artere ombilicale avec la souffrance
foetale (suspectee sur la cardiotocographie et ayant en-
traine une cesarienne systematique). L'IP moyen de ces

grossesses avec souffrance foetale (n = 7) est de 1,27
(± 0,34), ΓΙΡ moyen des grossesses sans souffrance
foetale (n = 41) est de 0,85 (± 0,18). Cette difference est
hautement significative (p = 0,005). Sur la base de
ces premiers resultats, on peut peut-etre conclure que
l'utilisation clinique des mesures du flux sanguin de
l'artere ombilicale est peut-etre plus valable pour prevoir
la souffrance foetale que pour prevoir le RCIU.

Mots-cles: Artere ombilicale, echographie doppler, index de pulsatilite, index de resistance, rapport A/B, retard
de croissance.
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