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Doppler Velocimetry in the Umbilical and
Middle Cerebral Arteries in Fetuses with Intrauterine
Growth Retardation or Fetal Distress
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Department of Gynecology and Obstetrics, Faculty of Medicine,
Kyushu University Fukuoka 812-8582, Japan.

Summary : To clarify the usefulness of Doppler velocimetry in high-risk fetuses, i.e. with in-
trauterine growth retardation (IUGR) or with fetal distress, nomograms of the age-related
changes in resistance and pulsatility indices in the fetal umbilical and middle cerebral arteries
were made, and the best cut-off values for each parameter were determined. Included were 505
and 684 fetuses as the control and subject groups, respectively, between 22 and 41 weeks’ gesta-
tion. Using the color-coded pulsed Doppler method, the resistance index in the umbilical and
middle cerebral artery (RIua, RIuca), the pulsatility index in both these arteries (Plua, PIuca), and
the RI and PI ratios between these arteries (Rlvamca, Pluamca) were measured. In normal fe-
tuses, Rlua and Plua showed a gradual decrease with advance in gestational age. Rlwca and
Pluca showed a parabolic fashion with a peak around 30-31 weeks’ gestation. Rlvamca and
Pluamca ratios decreased until 30-31 weeks’ gestation and then increased to term. Analyses
with receiver-operating-characteristic (ROC) curves revealed that Plua is the most appropriate
parameter in identifying IUGR under the cut-off point of 1.5 S.D., with a sensitivity, specificity,
positive and negative predictive value, and accuracy of 60.69, 93.3%, 75.2%, 87.69%, and 85.09%,
respectively. As for fetal distress, the Pluamca ratio was the most efficacious parameter under
the cut-off point of 2.0 S.D., with a sensitivity, specificity, positive and negative predictive value,
and accuracy of 67.394, 97.4%, 72.9%, 96.7% and 94.6%, respectively. The findings obtained in-
dicate that the measurement of PI value in the umbilical artery is enough to detect IUGR per se,
probably due to the reflection of the decrease in the placental vascular bed, and that the ratio
of indices between the umbilical artery and middle cerebral artery is more accurate than inde-
pendent evaluations in identifying fetuses developing fetal distress, reflecting a brain sparing ef-
fect as well as fetoplacental insufficiency.

Key words : Doppler velocimetry, Intrauterine growth retardation, Fetal distress, Resistance in-
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Since Fitzgerald and Drumm in 19777 first
described the use of Doppler ultrasound in the
study of fetal umbilical arterial blood flow ve-
locity as a new technique, the advent of color
flow imaging and pulsed Doppler velocimetry
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134 Arefa Aziza Banu

has enabled us to identify the deterioration of
blood perfusion in the human fetus in utero. In
the umbilical artery, diminishing end-diastolic
flow shows a highly correlation with poor neo-
natal outcome®®*®, especially if there is nega-
tive end-diastolic blood flow. On the other
hand, it has been reported that Doppler exami-
nation of the middle cerebral artery in cases
with intrauterine growth retardation (IUGR)
may be of greater value in identifying hypoxic
conditions®, and may prove to be a more sensi-
tive screening or diagnostic test for determin-
ing flow redistribution to the brain®*".

Several quantitative parameters for measur-
ing placental vascular resistance distal to sam-
pling vessels have been proposed, such as resis-
tance index (RI), pulsatility index (PI), cerebral
/aortic or cerebral/umbilical index ratio, to
estimate changes in vascular resistance. How-
ever, there have been few investigations ob-
serving the comparative efficacy of different
indices.

From this point of view, the aim of the pre-
sent study was two-fold; 1) to make nomo-
grams of the age-related changes in resistance
and pulsatility indices in the fetal umbilical
and middle cerebral arteries as well as the ra-
tio between these vessels, and 2) to determine
the best cut-off value for each parameter and
to identify the most appropriate quantitative
parameter in detecting the usefulness of Dop-
pler velocimetry in high-risk pregnancies, that
is, fetuses with IUGR or with fetal distress.

Materals and Methods

[1] Population studied

Retrospective analysis was performed on
two groups of fetuses between 22 and 41
weeks’ gestation. The gestational age was cal-
culated from the first day of the last menstual
period (LMP) and subsequently confirmed by

the crown-rump length at 9-11 week’ gestation.
1. Fetuses in the control group: The control
group consisted of 505 fetuses from uncompli-
cated singleton pregnancies from 22 to 41
weeks’ gestation. All fetuses fulfilled the fol-
lowing criteria: 1) The measurements of bipa-
rietal diameter, femur length and abdominal
circumference were within the mean value+1.5
S.D. for the corresponding gestational week by
Japanese standards®”, 2) Fetuses were found to
have no detectable anomaly in utero, 3) Their
birth weights were within the appropriate
range (mean®1.5S.D.) for each gestational
week by Japanese standards'®, 4) Mothers
were nonsmokers, with neither medical compli-
cations or drug administration, and 5) No sign
of fetal distress, either in the prenatal period
or in labor, with postnatal 1-min-Apgar score
of 8 or more.

2. Fetuses in the subject group : The subject
group consisted of 684 high-risk fetuses given
birth to at 24-41 weeks’ gestation. All cases
had maternal or fetal complications which de-
manded intensive care (Table 1). Among these,
170 cases resulted in IUGR, defined as birth

Table 1. Indications for Doppler examination.

Indication Number of patients

Poor obstetric history 163
Threatened premature labor 121
Suspected intrauterine growth retardation 95
Known fetal abnormality 61
Toxemia 55
Anemia 42
Premature rupture of membrane 32
Diabetes mellitus 32
Oligohydramnios 26
Rhesus isoimmunization 14
Hydrops fetalis 12
Polyhydramnios 12
Myoma uteri 10
Idiopathic thrombocytopenic purpura 5
Thrombocytopenia 2
Placental tumor 2

total 684
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weight below the mean-1.5 S.D. for the gesta-
tional week, according to Japanese Stan-
dards'®. In all IUGR cases, baby-birth oc-
curred within 2 weeks of the final observation
of flow velocities. 52 out of 684 fetuses subse-
quently resulted in fetal distress diagnosed by
antepartum cardiotocographic (CTG) findings.
The CTG findings were categorized by the cri-
teria of Rochard et al.?V: A “reactive fetal
heart rate (FHR) pattern” was defined as a
heart rate between 120 and 160 beats per min-
ute (bpm), a baseline FHR variability of 6 bpm
or more, and FHR acceleration concurring
If the CTG appeared
non-reactive, FHR monitoring was continued

with fetal movement.

for a subsequent 120 minutes, eliminating FHR
changes due to “resting phase” phenomenon®.
Fetal distress was considered present when
FHR patterns showed persistent loss of base-
line variability, repeated late decelerations or
severe variable decelerations'®.

All mothers were cared for at the Maternity
and Perinatal Care Unit of Kyushu University
Hospital and data acquisition was performed

between 1992 and 1996.

[2] Variable definition and data acquisition
1. Flow wvelocity waveforms in the wmbilical and
middle cevebral arteries

The equipment used was a color-coded
pulsed Doppler unit with a sector transducer of
3.75 MHz and a low-cut filter of 50 Hz (Model
SSA-270 A, Toshiba, Tokyo). The methods
for recording blood flow velocity waveforms
from the umbilical and middle cerebral arter-
ies were described in detail previously'V?*”.
The maximum flow velocity envelope was dig-
itized using a digitizer (Graphtec Co. Ltd., KD-
4030 A, Tokyo) and stored on a floppy disc in
an online-microcomputer system (Macintosh
6260, Apple Computer Inc.).

2. Quantitative parameters for flow velocity wave-
Jforms

Selected were the following 6 parameters ;
resistance index (RI) in the umbilical and mid-
dle cerebral arteries (RIua, Rlwmca), pulsatility
index (PI) in these two arteries (Plua, Pluca),
and RI and PI ratio between the umbilical and
middle cerebral arteries (RIvamca, Pluamca).

RI and PI were measured according to the
following formulae®® :

RI=(maximum flow velocity —end-diastolic
flow velocity)/maximum flow velocity

PI=(maximum flow velocity—end-diastolic
flow velocity)/mean flow velocity

With the aid of a microcomputer system, all
these values were calculated as the average of
ten clearly traced consecutive cycles for each
case.

[3] Data processing and statistical analy-
sis }
1. Construction of nomograms forv the 6 parame-
ters

Using the data obtained from the control-
group fetuses, nomograms were made (mean
and S.D.) of Rlua, Rluca, Plua, Plmca, Pluamca
and Pluamca for every 2-gestational week inter-
val, from 22 to 41 weeks’ gestation.

2. Determination of the best cut-off value and cal-
culation of the sensitivity, specificity, positive pre-
dictive value, negative predictive value and accu-
racy in 6 pavameters

The efficacy of fetal blood flow variables to
indicate cases with IUGR or with fetal distress
was evaluated in terms of sensitivity and
specificity, as reflected in receiver-operating-
characteristic (ROC) curves®®. The ROC curve
is a plot of the sensitivity on the false positive
rate (l-specificity) for a test, at different cut-
off points. Since the abnormal value for blood
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136 Arefa Aziza Banu

flow variables changes in degree of abnormal-
ity as the cut-off level changes, the efficacy of
the variables in predicting abnormal fetal out-
come can be evaluated. Sensitivity and speci-
ficity were calculated for each cut-off level in
0.25 S.D. steps from the normal mean value to-
wards abnormality. The best cut-off point for
each parameter was determined, the validity
of which in all 6 indices for detecting cases
with IUGR or fetal distress were estimated by
sensitivities, specificities, positive predictive
values, negative predictive values and the ac-
curacies calculated at those cut-off points.

3. Study on the interval between the observation
of the abnormal wavefroms and subsequent fetal
distress

Out of 52 cases with fetal distress, for cases
having abnormal blood flow waveforms, the
interval between the observation of the abnor-
mal waveform and subsequent fetal distress
was retrospectively investigated.

Results

1. Age-related nomograms of Rlya, Plva, Rluca,
P [MCA, Rlya/uca and PIUA/MCA

RlIua and Plya demonstrated a gradual de-
crease as gestational age advanced. Rluca and
Pluca showed a rather parabolic fashion in
value with a peak around 30-31 weeks, indicat-
ing a gradual increase until 30-31 weeks’ gesta-
tion and then a gradual decrease to term.
Rluamca and Pluamca ratios decreased until 30-
31 weeks of gestation and then increased to
term (Fig. I, Table 2).

2. The best cut-off points of standavd deviation
f07’ RIUA, Plua, Rlyca, P Tuca, Rlyaiuca  and
Pluasuca ratio in detecting IUGR

The most efficacious cut-off values were
1.25, 1.5, 1.0, 1.0, 1.0 and 1.0 S.D. for Rlua, Plua,

Rlmca, Plvca, RIuamca and Pluamca, respectively.
Plua was the most appropriate parameter com-
pared with the others and it had the sensitivity,
specificity, positive and negative predictive
value, and accuracy of 60.6%, 93.3%, 75.2%,
87.6% and 85.0%, respectively (Fig. 2, Table 3).

3. The best cut-off points of standard deviation
Jor Rlya, Plys, Rluca, Pluca, Rlyaymca and
Plyaiuca ratio in detecting fetal distress

The most efficacious cut-off values were 1.5,
1.75, 1.0, 1.0, 1.75 and 2.0 S.D. for Rlua, Plya,
Rlmca, Pluca, Rluamca and Pluamca, respectively.
Pluamca ratio was the most appropriate pa-
rameter compared with the others, and it had
the sensitivity, specificity, positive and nega-
tive predictive value, and accuracy of 67.3%,
97.4%, 72.9%, 96.7% and 94.6%, respectively
(Fig. 3, Table 4).

4. The interval between the observation of abnor-
mal waveforms and subsequent fetal distress

In 52 cases with fetal distréss, abnormal
Pluamca above 2.0 S.D. were recorded in 35
cases (67.3%). In all these cases, abnormal
waveforms continued without recovery until
delivery. The interval between the observation
of abnormal waveforms and the detection of
fetal distress resulting in emergent interven-
tions ranged from 1 hour to 33 days, with a
median value of 4 days (Fig. 4).

Discussion

In human Doppler studies on the fetal circu-
lation, several investigators have reported that,
in IUGR or fetal hypoxia, there is flow redis-
tribution resulting from a decreased resistance

4)12)24) In

to flow in vessels supplying the brain
this study, I focused on both the placental and
the cerebral circulation in the human fetus to

assess which hemodynamic parameters, at
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their best cut-off points, are most useful in de-
tecting IUGR or fetal distress; major obstetric
problems contributing significantly to perina-
tal morbidity and mortality.
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Fig. 1. Nomograms of Rlua, Plua, RImca, Plvca, Rlvamca and Pluamca with advancing gesta-

tion.

RI: Resistance index, PI: Pulsatility index, UA: Umbilical artery, MCA : Middle
cerebral artery, UA/MCA : Ratio between umbilical artery and middle cerebral ar-

tery, n: Number of cases

137

Although many hemodynamic parameters
have been proposed for quantifying blood flow
waveforms'™'®, 1 adopted 6 parameters; Rlua,
Plua, RIuca, Pluca, Rluamca and Pluamca ratios,
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Table 2. Age-related changes of RI and PI values in the umbilical and middle
cerebral arteries in normal fetuses.

Gestational Number Rlua Plua Rlmca Pluca Rluamca Pluamca
weeks  of cases Mean (S.D.) Mean (5.D.) Mean (S.D.) Mean (S.D.) Mean (SD.) Mean (S.D)
22-23 27 0.749(0.081) 1.315(0.237) 0.820(0.052) 1.734(0.273) 0.914(0.089) 0.766(0.134)
24-25 22 0.725(0.051) 1.238(0.196) 0.841(0.060) 1.915(0.334) 0.866(0.087) 0.669(0.185)
26-27 29 0.664(0.055) 1.045(0.140) 0.872(0.026) 2.161(0.219) 0.761(0.065) 0.486(0.070)
28-29 54 0.665(0.052) 1.063(0.138) 0.873(0.043) 2.141(0.272) 0.764(0.075) 0.505(0.095)
30-31 60 0.633(0.058) 0.978(0.156) 0.886(0.063) 2.198(0.403) 0.717(0.081) 0.460(0.115)
32-33 55 0.622(0.064) 0.950(0.149) 0.843(0.048) 1.953(0.301) 0.740(0.079) 0.496(0.097)
34-35 65 0.607(0.056) 0.919(0.120) 0.345(0.061) 1.958(0.352) 0.721(0.076) 0.484(0.105)
36-37 85 0.590(0.057) 0.907(0.132) 0.805(0.079) 1.706(0.362) 0.739(0.096) 0.551(0.129)
38-39 78 0.606(0.055) 0.924(0.122) 0.769(0.072) 1.590(0.350) 0.795(0.103) 0.608(0.154)
40-41 30 0.597(0.057) 0.909(0.120) 0.720(0.074) 1.340(0.298) 0.838(0.122) 0.711(0.178)
Total 505

RI: resistance index, PI: pulsatility index, UA : umbilical artery, MCA : middle cerebral artery,
UA/MCA : ratio between the umbilical artery and middle cerebral artery, S.D. : standard deviation.

Table 3. The best cut-off values of standard deviations in 6 parameters and the
sensitivity, specificity, PPV, NPV and accuracy for detecting intrau-
terine growth restriction.

RIUA PIUA RIMCA PIMCA RIUA/MCA PIUAIMCA
cut-off(S.D.) 1.25 1.5 1.0 1.0 1.0 1.0
sensitivity (%) 62.4 60.6 41.8 40.6 64.7 60.0
specificity(%) 91.5 93.3 89.1 87.3 85.7 88.3
PPV(%) 71.1 75.2 56.4 51.9 60.4 63.4
NPV(%) 87.8 87.6 82.0 81.4 87.8 86.8
accuracy 84.2 85.0 77.2 75.6 80.4 81.2

RI: resistance index, PI: pulsatility index, UA : umbilical artery, MCA : middle cerebral artery,

UA/MCA : ratio between the umbilical artery and middle cerebral artery, S.D. :

tion, PPV : postive predictive value, NPV : negative predictive value.

standard devia-

all of which have Gaussian distributions and
are postulated as not only reflecting each pla-
cental or cerebral vascular resistance or both,
but also the degree of redistribution in com-
promised fetuses.

With respect to the umbilical blood flow,
through the whole gestational period between
22 and 41 weeks, both the RI and PI showed a
uniform decrease from 22 weeks gestation
with advancing age. This result coincides well
with other reports®, suggesting the gradual
decrease in placental vascular resistance in

normal fetuses with advance in gestation. On
the other hand, both the Rluca and Pluca
showed an increase from 22 weeks to 31 weeks
and a gradual decrease from then on. Satoh et
al. previously found such phenomenon and pro-
posed that the change in based on the decrease
in peripheral vascular resistance associated
with a rapid increasing volume in the cerebral
vascular bed near term®”. Soothill et al. have
established a reduction of pO: in the umbili-
cal artery through cordocentesis during this

)

period of gestation®®. Referring these reports,
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Fig. 2. Receiver-operating-characteristics (ROC)
curves showing the sensitivity and false
positive rate at every 0.25 standard devia-
tion interval in 6 Doppler parameters to
detect the best cut-off point in identifying
intrauterine growth retardation.

@ : Resistance index in the umbilical ar-
tery, O: Pulsatility index in the umbili-
cal artery, M : Resistance index in the
middle cerebral artery, []: Pulsatility in-
dex in the middle cerebral artery, A : Re-
sistance index ratio between the umbili-
cal and middle cerebral artery, A : Pulsa-
tility index ratio between the umbilical
and middle cerebral artery.

Arrow shows the best cut-off point with
the highest accuracy (S.D.=1.5 for the
pulsatility index value in the umbilical ar-
tery).

the gradual decrease in Pl values after 32
weeks’ gestation appears to reflect a redistri-
bution favoring blood supply to the brain, in-
fluenced by cerebral vascular change and
physiological pO. reduction. As a conse-
quence of these chronological changes, the ra-

tio of indices between the umbilical and cere-

(%)
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3

s
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Fig. 3. Receiver-operating-characteristics (ROC)
curves showing the sensitivity and false
positive rate at every 0.25 standard devia-
tion interval in 6 Doppler parameters to
detect the best cut-off point in identifying
fetal distress.

@ : Resistance index in the umbilical ar-
tery, O: Pulsatility index in the umbili-
cal artery, B : Resistance index in the
middle cerebral artery, []: Pulsatility in-
dex in the middle cerebral artery, A : Re-
sistance index ratio between the umbili-
cal and middle cerebral artery, A : Pulsa-
tility index ratio between the umbilical
and middle cerebral artery.

Arrow shows the best cut-off point with
the highest accuracy (S.D.=2.0 for the
pulsatility index between the umbilical
and middle cerebral artery).

bral circulation has shown the nadir from 30 to
35 weeks’ gestation.

In this study, the ROC curve was applied to
determine the best cut-off value in the stan-
dard deviation for each parameter in IUGR or
fetal distress. ROC curves were also used to
identify statistically, the effects of changes in
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Table 4. The best cut-off values of standard deviations in 6 parameters and the
sensitivity, specificity, PPV, NPV and accuracy for detecting fetal
distress.
RIUA ) PIUA RIMCA PIMCA RIUA/MCA PIUA/MCA

cut-off(S.D.) 1.5 1.75 1.0 ' 1.0 1.75 2.0
sensitivity(%) 67.3 69.2 61.5 63.5 69.2 67.3
specificity(%) 93.7 96.2 89.1 87.3 96.8 97.4
PPV(%) 52.2 65.5 36.8 34.0 69.2 72.9
NPV(%) 96.5 96.8 95.7 95.9 96.8 96.7
accuracy 91.2 93.7 86.5 85.1 94.3 94.6

RI: resistance index, PI: pulsatility index, UA : umbilical artery, MCA : middle cerebral artery,
UA/MCA : ratio between the umbilical artery and middle cerebral artery, S.D. : standard devia-
tion, PPV : positive predictive value, NPV : negative predictive value.

Case No.
1
2 b4
5 oo
A
; R
13 o
e
13 7
21 q
22 o —eo—
23 *o— o —
%‘5‘ o—o—]
28 o
29 ! o |
30 o—]
31 o—eo—o——
32 41
5 q
35 ¢
I I [ I [ [ I [ I
22 24 26 28 30 32 34 36 38 40
(Weeks)

Fig. 4. The interval between the detection of abnormal Pluamca and the time of delivery in
35 cases with fetal distress.
Each dot indicates the time of detection of abnormal blood flow. Vertical line indi-
cates the time of delivery due to fetal distress.
No. : Number of cases with fetal distress.
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the cut-off point, based on both the sensitivity
and the false positive rate. The most distant
point from the diagonal line is regarded as the
best cut-off point of the standard deviation
with the highest Doppler value accuracy in ex-
- amining objective variables. This analytical
technique provides a measure of diagnostic ac-
curacy free of judgment bias having the inher-
ent discriminatory power to separate the com-
promised from the healthy population'®?®.

As for the detection of IUGR, this study
demonstrated that the cut-off point of 1.5 S.D.
for PI values in the umbilical artery has the
highest efficacy, with the sensitivity, specific-
ity, positive predictive value, negative predic-
tive value and accuracy of 60.6%, 93.3%, 75.2
%, 87.6%, and 85.0%, respectively. Although it
is well known that IUGR tends to have an in-
crease in RI and PI values in the umbilical ar-
tery with a decrease in those in the intracra-
nial artery'®?®, the most efficacious parameter
to correlate with fetal outcome is controver-
sial. Wladimiroff et al. originally reported
that the combination of PI values in both the
umbilical and the internal carotid artery is
useful to identify ITUGR®*?. Laurin et al., how-
ever, have claimed that velocimetry in the um-
bilical artery is enough to detect IUGR with-
out flow measurements in the cerebral or other
truncal vessels'”. Based on this study which
includes fairly large case numbers, the mea-
surement of PI values in the umbilical artery
alone is thought to be enough to determine
TUGR per se, probably due to the reflection of
the decrease in the placental vascular bed,
which frequently underlies the pathophysiology
of growth retardation® rather than additional
hemodynamic parameters included in cerebral
circulation.

Several studies describing the association of
fetoplacental blood flow velocity with fetal

distress in labor state that abnormal umbilical
artery blood flow velocities are not effective
as predictors with sensitivities ranging from
33% to 57% and positive predictive values
ranging from 24% to 50%"'??. In this study
concerning the efficacy for detecting fetal dis-
tress, the best parameter was the ratio be-
tween PI values in the umbilical and the mid-
dle cerebral artery rather than other parame-
ters obtained from a single vessel, with the
sensitivity, specificity, positive and negative
predictive values, and the accuracy of 67.3%,
97.4%, 72.9%, 96.7% and 94.6%, respectively,
under the cut-off value of 2.0 S.D.. Doppler ve-
locimetry of the umbilical artery detects only
those hemodynamic abnormalities which are
not in all cases associated with the deteriora-
tion of placental function that can produce fe-

2933 The oxygen exchange be-

tal hypoxia
tween the mother and the fetus could be al-
tered even without any placental hemodynamic
lesion. In this sence, the main advantage of
comparing the placental and the cerebral vas-
cular resistance is that I take into account,
first, the possible existence of placental dis-
ease responsible for change in maternal to fe-
tal oxygen transfer, and secondly, the cerebral
hemodynamic consequences of these abnor-
malities. In addition, Hecher et al. have re-
cently reported that the decrease in PI value in
the middle cerebral artery directly correlates
with the decrease in both venous blood pO:
and pH'®. Therefore, the findings obtained in
this study show that the ratio of indices be-
tween the umbilical artery and the middle
cerebral artery has a better accuracy than in-
dependent evaluations in identifying the fetus
developing fetal distress, in high-risk pregnan-
cies.

I also retrospectively reviewed the interval
between the observation of the aberration of
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the flow waveform indices and subsequent fe-
tal distress. 35 out of 52 cases with subsequent
CTG findings of fetal distress had abnormal
indices which lasted until delivery and re-
vealed a wide range from 1 hour to 33 days be-
tween the first detection of abnormal flow pat-
tern and fetal deterioration. This coincides
well with the report by Arduini et al.®’, claim-
ing that 37 fetuses with abnormal waveforms
in the umbilical artery consequently resulted in
fetal distress over an interval ranging between
1 to 26 days. Hence, the result obtained here
indicates that the appearance of an abnormal
Pluamca ratio is an important alarming sign ne-
cessitating intensive monitoring of fetal well-
being, but it is rather hard to accurately pre-
dict the most appropriate time of delivery.
Further prospective studies are required to
make this point clear.

In conclusion, PI values in the umbilical ar-
tery and the PI ratio between the umbilical
and the middle cerebral arteries proved to
have the highest efficacy in detecting IUGR or
fetal distress, respectively.
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(F0 3T ¥ %)

FEARBTEEZRRE S S URRBRIEEFICHE TS
FEHEIR - hRRE AR MR OB REICRE Y 3R

NMARFEFR R AR FER S HE

TVTZ7 e TIWF e NX

(BM) P72 HAVTE MNERIZB T 5 MEHER
BOEBNZTMIBTIRE R > T &, ZOER, 7
ERNHEFEEE (IUGR) & 2 Wil RIRZER £ OKER
REEIZ BT, BEEEIROIMEETIO_ LE & MM
EHOWPBET 2 2 ENPEINTED, R
e UCERED index BMEBE N TWS, LpLad
5, s OMITEROBREOVWT IRV EHATD
BV ERCHShZERTWEREY, Z0LH Y

. B S, AT, EERERRECET 2 EHER

B & O REXEIR O MBI OISR OHRETIC L b
ZOHBEHOMKTEIE, BLXUTEERCL
TIUGR B & UBBIRIRFE T 2 AN B T % MR
FHEOEREEBES T AL 2EHME L,
(& & UF &) RITIEIR 22-41 BBOIER LR 505
BB & CEIREHFELE L, intensive care 2 EL 7z
NA DR ZBRIB 684 B, F1,189%1THS. Fikid,
7 — 7 7%kx Ao TREOIREEIR (UA) 8L U
RHEN R (MCA) OMBEFEEE .22 Ea—F I A
FIUTEEFL 72, DWW T, WEIRIC BT 5 Resistance
Index (RD) [(B&EMITEHEE — IRKHHIMTREE) / (&
B FHEE) ] (RIua, Rlvca), Pulsatility Index (PT)
[R5 38— AR A M R 8 ) / (389 I R
) ] (Plua, Plvca), 3 & UTEIFRO RI H (RIvamca)
75N PLEE (Pluamca) 2R 7. EEREIZOW
T Rlua, RImca, Plua, PIvca, RIvamca B & U Pluamca
D6 DDLU T, 2BFEOFIES & EHER
Z (SD)EREHL, HiRETIC L b2 5 nomogram
BUERRL L 7o, HEFESTIRERE OREEES MO
(FE¥JfE-1.5S.D.) K DOME %= L 7-fEH % IUGR,
%7z, BRBOHEERE N CLESEEER DMK,
RET 2:BFHE—BEERIRD 2 WITEELE—EERIR

DD & NTHER] % B8 RIRFE L BB L 7z. Receiver-
operating-characteristics (ROC) curve % f\» T,
IUGR 8 & URBREFEDOEET I T 25, b efficacy
DFEEER 5 TN S.D. @ cut-off HZEH L 72,
(Ri#E)1) EEERE TR, TRETZHEY Rlva, Plua
BEINCEA Uz, —7, Rlvca, Pluca 131F4R 30-31
BETHEML, UBEEA LT, Rluamea B XU
Pluamca 3R 30-31:8 £ THA L, B mL
7z, 2)8A Y A 7 BRIR 684 Bl 7 2> ¢, TUGR #1170
Bl (24.9%) Thotz, B efficacy DE» - 115k
13 Plua ©, (F¥{E+1.58.D.) # cut-off fH& L7=35
&, sensiitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) B LU
accuracy 1¥%%, 60. 6%, 93.3%, 75.2%, 87.6% B
L U885, 0% TH o7z, 3)684 FlD T, BRIBIRIER
E o IHEBNE 5281 (7.6%) TH-o72, ;&b efficacy
DE Do 1=181E 11X Pluamea T, (FI{E+2.0SD)%
cut-off f & U 72356, sensiitivity, specificity, PPV,
NPV 8 & faccuracy 134%%, 67.3%, 97.4%, 72.9%,
96.7% BL U 94.6% Tho7z. 4) Pluamca 28 (Fy
fE+2.0SD.) Bl EERL BRRIRZES] 35 Blic B 3
Pluamca BEOHIE» & BIRRIEICE % £ TOHAMIX
1KE~33 H (PRIE:4H) Thole,
(BB A ZEL T, 1) IUGR OFER T 2R b
B F 75 Fa AR L I B Uk PL{E (cut-off f : 1.5S.D.) T
B0, RBOEERO LAWEEL TS Z L, )R
FFEDFHR N T 55 b H AR BRI EHER P1/H
KIMEIR PI L (cut-off {6 : 2.0 S.D.) TH Y, KE TR
FRBERR 2 & > TA U RIRERRIRERERL
TeRRIMAEEHIOWAC L D, MR E AR 2 MH
SEMBPERENTHR Z L BPHL N E RS T,
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