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Abstract

Introduction. The pulsatility indices of the umbilical and uterine arteries are

used as the surrogate measures of utero-placental perfusion. Combining the

two might simplify the evaluation of total placental vascular impedance,

possibly improve prediction of adverse outcomes, and help identify

pregnancies with suspected fetal growth restriction that need more intense

surveillance. Material and methods. Umbilical and uterine blood flow velocities

were recorded using pulsed-wave Doppler in a longitudinal study of 53 low-

risk pregnancies (248 observations) during 20–40 weeks of gestation. Pulsatility

indices was calculated for each of these vessels. A new placental pulsatility

index was constructed as: (umbilical artery pulsatility index + mean of the left

and right uterine artery pulsatility indices)/2, and mean +2 SD defined as

abnormal. Gestational age-specific reference percentiles were calculated for the

second half of pregnancy and related to values obtained from 340 pregnancies

with suspected intra-uterine growth restriction to test its ability to predict

adverse pregnancy outcome. Results. The placental pulsatility index was closely

associated with gestational age and decreased with advancing gestation in

normal pregnancy. The placental pulsatility index had a higher sensitivity and

comparable specificity in predicting adverse outcome in pregnancies suspected

of intra-uterine fetal growth restriction when compared with conventional

umbilical and uterine artery pulsatility indices. Conclusions. The new placental

pulsatility index, reflecting placental vascular impedance on both the fetal and

maternal side of placenta, improves prediction of adverse outcome in

pregnancies suspected of intra-uterine fetal growth restriction.

Abbreviations: ARED, absent or reversed end-diastolic blood flow; BFC, blood

flow class; EDV, end-diastolic velocity; IUGR, intra-uterine fetal growth

restriction; PI, pulsatility index; PPI, placental pulsatility index; PSV, peak

systolic velocity; TAMXV, time-averaged maximum velocity; UAS, UtA score;

UA, umbilical artery; UtA, uterine artery.
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Introduction

Doppler ultrasound has become a valuable tool in the

evaluation of fetal and placental circulation and in the

prediction of fetal well-being and outcome of pregnancy

(1,2).

Doppler signs of increased placental vascular resistance

are frequently related to fetal growth restriction and signs

of imminent asphyxia (3). Umbilical artery (UA) Doppler

velocimetry is presently a routine part of fetal surveillance

in high-risk pregnancies. After initial technical difficulties,

the uterine artery (UtA) Doppler velocimetry has also

proven its value in predicting outcome of high-risk preg-

nancies, and in recent years it has been reported to be

comparable to the UA Doppler in that respect (3). In late

pregnancy, abnormal UtA Doppler and reduced umbilical

vein volume blood flow are considered to be the surro-

gates of reduced placental perfusion (4). UtA Doppler

screening in the first trimester and mid-gestation has also

proven its value in predicting adverse outcome in high-

risk pregnancies and choosing cases in need for special

surveillance (5,6).

Placental vascular impedance is commonly expressed in

terms of pulsatility index (PI), resistance index and sys-

tolic/diastolic ratio of the UA and UtA. In some

instances, placental location, presence or absence/reversal

of end-diastolic flow in the UA and notching in early

diastole in UtA are also reported.

The objective of the present study was to construct a

new reference chart for placental pulsatility index (PPI),

an index reflecting combined vascular impedance of both

maternal and fetal sides of the placenta. We compared

the new index with conventional UA and UtA Doppler

parameters to test the hypothesis that PPI performs better

in predicting adverse outcome in pregnancies suspected

of intra-uterine fetal growth restriction (IUGR). This

information could be of value in identifying pregnancies

with a placental vascular cause of fetal growth restriction

that may benefit from more intense surveillance.

Material and methods

A total of 393 pregnant women were included after

obtaining informed written consent. Fifty-three healthy

pregnant women were recruited at the time of routine

ultrasound screening at 17–20 weeks of gestation for a

longitudinal study of maternal-fetal hemodynamics per-

formed during 2006–2008. Inclusion criteria were normal

singleton pregnancy, ultrasound dating before 20 weeks

of gestation, absence of any fetal anomalies or any other

complication in the current pregnancy. Women with

multiple pregnancy, any preexisting medical illness that

might affect the current pregnancy or previous history of

pregnancy complications were excluded. The study proto-

col was approved by the Regional Committee for Medical

Research Ethics – North Norway (REK Nord 5.2005.

1386).

Doppler ultrasonography in these normal pregnancies

was performed at approximately 4-weekly intervals during

22–40 weeks of gestation using a 6-MHz curvilinear

transducer (Acuson Sequoia 512, Mountain View, CA,

USA). A single investigator (K.F.) performed all the

examinations to reduce the variability. The blood flow

velocities of the right and the left uterine arteries were

measured just proximal to the apparent crossing of the

external iliac artery. The peak systolic (PSV), end-diastolic

(EDV) and time-averaged maximum (TAMXV) velocities

were measured and the PI calculated automatically by the

software of the ultrasound system according to the for-

mula: PI = (PSV � EDV)/TAMXV. The UA blood veloc-

ity was also recorded in a free-floating loop of the

umbilical cord using color-directed pulsed-wave Doppler.

The PI values were an average of three consecutive wave-

forms recorded in the absence of fetal or maternal move-

ments. A mean of three PI measurements of the UA and

the mean PI values of both uterine arteries were used for

statistical analysis. A new PPI was calculated as:

PPI = (UA PI + mean of the left and right UtA PI)/2.

In the high-risk group, 340 singleton pregnancies with

fetuses suspected of IUGR were submitted to Doppler

examination at Sk�ane University Hospital. IUGR was sus-

pected during ultrasound fetal biometry performed either

as a routine examination at 32–34 weeks of gestation, or

on clinical indication during a five-year period (1994–99).

Suspected IUGR was defined as an estimated fetal weight

of more than 2 SD below the mean for gestational age

according to Scandinavian reference growth curve (7), or

a decline of more than 1 SD between two ultrasound

examinations performed at least two weeks apart. Exclu-

sion criteria for the high-risk pregnancies group were

multiple pregnancies, congenital malformations and chro-

mosomal abnormalities known before labor and delivery.

All pregnancies were dated by ultrasound examination

performed at 1–21 weeks of gestation. The local Ethics

Committee approved the study.

The high-risk pregnancies were examined by Acuson

128 XP and Sequoia 512 duplex scanners with power and

Key Message

The new placental pulsatility index has higher sensi-

tivity for predicting adverse outcome in pregnancies

suspected of fetal growth restriction compared with

conventional umbilical and uterine artery Doppler.
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color Doppler options. The uterine and UA blood veloci-

ties were recorded in the same way as in the normal con-

trols by ultrasonographers who were only engaged in

Doppler recordings and were not involved in patient care.

Abnormal placental vascular impedance was defined as: a

mean of the two uterine arteries PI > mean +2 SD

(PI > 1.20) (8). Abnormal UA Doppler flow spectrum

was defined as a PI > mean +2 SD according to Gud-

mundsson and Marsal (9). Abnormal PPI was defined as

>mean +2 SD. The UtA Doppler was also evaluated for

UtA score (UAS) taking into account both PI and notch-

ing bilaterally (10). Abnormal UAS was defined as

UAS > 0.

The results of UA and UtA Doppler obtained at the

time of diagnosis of a suspected IUGR were used for

analysis. The results of the UA, but not the UtA, were

disclosed to the clinician in charge of the patient’s care,

because the UtA Doppler was not the standard of care

during the study period, as its clinical value was not yet

established. The women were hospitalized or followed by

close outpatient checkups according to the local protocol

for the management of pregnancies suspected of an

IUGR. The intention of the protocol was to minimize the

risk of fetal damage caused by growth restriction without

causing unnecessary prematurity. Fetal surveillance

included: Doppler examinations of the UA, estimation of

amniotic fluid index and non-stress test every second

week if UA Doppler was normal. When UA PI was

between +2 and 3 SD, control was performed twice

weekly. If the UA PI was >+3 SD, control was performed

three times weekly, and in the case of absent or reversed

end-diastolic blood flow (ARED) the pregnant woman

was admitted to the ward for closer monitoring with a

non-stress test twice daily and Doppler evaluations daily.

Fetal growth was estimated by ultrasound every second

week in all cases. If the estimated fetal weight was more

than 3 SD below the mean for the gestation age, the

woman was hospitalized for closer surveillance and the

fetus was further evaluated for congenital malformations

by detailed ultrasonography, karyotyping, and screening

for viral infection. The decision regarding the time and

mode of delivery was made by a senior obstetrician based

on gestational age, ultrasound estimation of fetal growth,

amniotic fluid index, UA Doppler, non-stress test and/or

maternal signs of severe preeclampsia. ARED flow in the

UA was regarded as an indication for delivery except in

cases of extreme prematurity (<26 weeks) where individ-

ual assessment was based on multi-vessel Doppler, non-

stress test, amniotic fluid index and fetal growth.

Adverse outcome of high-risk pregnancy was defined as

small-for-gestational-age newborns (<10 and 2.3 centiles

below the mean birthweight for the given gestational

age), premature delivery (<34 weeks and <37 weeks of

gestation), and admission of the newborn to the neonatal

intensive care unit (NICU). The outcome data were

extracted from the local perinatal database. The recorded

values of the UA and the UtA Doppler separately were

compared with that of the new PPI in relation to these

outcome variables.

Statistical analyses

Data obtained from the normal pregnancies were ana-

lyzed using the SAS 9.3 (SAS Institute Inc., Cary, NC,

USA). The assumption of normality was checked for each

variable and logarithmic or power transformations were

performed as required to achieve normal distribution of

data. The best transformation was chosen using Box-Cox

regression. Fractional polynomials were used to obtain

best fitting curves in relation to gestational age accommo-

dating for nonlinear associations and repeated measures

design. The association between PPI (dependent variable)

and the gestational age (independent variable) was inves-

tigated using multilevel modeling. Gestational age-specific

percentiles were estimated from each fitted model as sug-

gested by Royston and Altman (11) as follows: If Yi = de-

pendent variable at gestational age Ti, then the mean and

variance of a transformed variable Zi at a transformed

time Xi are

li ¼ EðZiÞ ¼ b0i þ b1iXi

r2
i ¼ VarðZiÞ ¼ r2

int þ r2
timeX

2
i þ 2rint;timeXi þ r2

e

where b0i, b1i are the fixed parameter estimates, and r2
int,

r2
time, rint,time, r2

e are the estimated variance compo-

nents from the multilevel analysis.

The time-specific reference value for Yi with 95% cov-

erage is

li � 1:96rið Þ1=k if transformed variableZi ¼ Yk
i

exp li � 1:96rið Þ if transformed variableZi ¼ lnðYiÞ

The STATISTICA 12.0 computer program (Statsoft

Co., Tulsa, OK, USA) was used for the analysis of data

obtained from high-risk pregnancies. MEDCALC� version

6.00.014 (MedCalc Software, Mariakerke, Belgium) soft-

ware was used to calculate receiver operating characteris-

tic (ROC) curves that were drawn for each diagnostic

index to evaluate the ability to discriminate the likelihood

of developing adverse perinatal outcome. The area under

the curve and 95% confidence intervals (CI) were also

calculated and used to compare the value of different

Doppler parameters in predicting outcome. A p-value of

<0.05 was considered statistically significant.
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Results

All the participants in the study arm that included low-

risk healthy pregnancies completed the study and out-

come data were available for all. There were three to

five observations per women and a total of 248 record-

ings were available for analysis. The median maternal

age was 28 years (range 18–39), mean body mass index

23.5 (�3.1 SD) kg/m2 and the mean arterial blood pres-

sure at inclusion 83 (�8 SD) mmHg and 68% (36/53)

of women were nulliparous. None of these women had

any pregnancy complications. Three women were deliv-

ered by a cesarean section, two because of slow progress

of labor and one because of breech presentation. Six

women had vacuum delivery, four due to failure of

labor to progress and two due to fetal distress in the

second stage of labor. The mean birthweight and placen-

tal weight were 3562 (�470 SD) g and 591 (�117

SD) g, respectively. The median five-minute Apgar score

was 10 (range 7–10), and mean UA pH was 7.24 (�0.1

SD).

The PPI was transformed as Z = PPI0.2, i.e. k = 0.2:

li ¼ EðZiÞ ¼ 0:6977þ 1:4279T�0:5

r2
i ¼ VarðZiÞ ¼ 0:0007187

The variance component for time was not estimable,

which means that the multilevel model was a random

intercept model. The PPI was significantly associated with

gestational age (p < 0.0001). The mean standard devia-

tion changed with gestation, being 0.16 at 20 weeks and

0.11 at term. Table 1 gives the gestational age-specific PPI

values from 20 weeks of gestation to term with a mean

and different percentile cut-offs. The reference cut-offs

for mean +2 SD, +3 SD and +4 SD are also given in

Table 1. Reference curves representing the 2.5th centile,

mean and +2, +3 and +4 SD are presented in Figure 1.

The PPI was analyzed in relation to adverse outcome

in pregnancies suspected of IUGR. Abnormal PPI defined

as > mean +2 SD was found in 170 pregnancies. The

results were compared with abnormal UA PI (> mean

+2 SD) (n = 96) and mean UtA PI (> +2 SD as >1.2)

(n = 79) and presented in Table 2. The PPI had higher

sensitivity for predicting adverse outcome of pregnancy

compared with abnormal UA and mean UtA PI

(Table 3).

Further analysis was performed using the 95th centile

for PPI as a definition of abnormal PPI. There were 205

high-risk pregnancies that had PPI above the 95th per-

centile for the gestational age. The sensitivity to predict

adverse outcome was high, but the specificity was much

worse.

There were 12 pregnancies with a normal PPI but a

slightly increased UA PI. The outcome was fairly good in

these cases. Of the 12, five were small for gestational age

at birth, and were delivered by a cesarean section. Two

were delivered prematurely and one of them had to be

admitted to a neonatal intensive care unit.

There were three pregnancies with a normal PPI, but

the mean UtA PI was just above 1.2. All these newborns

were small for gestational age at birth and two had to be

delivered preterm by a cesarean section and required

admission to a neonatal intensive care unit.

Table 1. Reference cut-off limits for placental pulsatility index from 20 to 40 weeks of gestation age (ga). The 2.5th centile (cent025), 5th

centile, the mean, 95th and 97.5th centiles are given as well as the mean +2 SD, +3 SD and +4 SD limits are given.

ga cent025 cent05 mean cent95 cent97.5 +2 SD +3 SD +4 SD

22.0 0.77 0.81 1.01 1.25 1.30 1.31 1.49 1.68

23.0 0.75 0.78 0.98 1.21 1.26 1.27 1.44 1.63

24.0 0.72 0.75 0.95 1.18 1.23 1.23 1.40 1.58

25.0 0.70 0.73 0.92 1.14 1.19 1.20 1.36 1.54

26.0 0.68 0.71 0.89 1.11 1.16 1.17 1.33 1.50

27.0 0.66 0.69 0.87 1.09 1.13 1.14 1.29 1.47

28.0 0.64 0.67 0.85 1.06 1.10 1.11 1.26 1.43

29.0 0.63 0.65 0.83 1.04 1.08 1.09 1.24 1.40

30.0 0.61 0.64 0.81 1.01 1.06 1.06 1.21 1.37

31.0 0.60 0.62 0.79 0.99 1.03 1.04 1.19 1.35

32.3 0.58 0.61 0.77 0.97 1.01 1.01 1.16 1.31

33.0 0.57 0.60 0.76 0.95 0.99 1.00 1.14 1.30

34.0 0.56 0.59 0.74 0.94 0.98 0.98 1.12 1.28

35.0 0.55 0.57 0.73 0.92 0.96 0.96 1.10 1.25

36.0 0.54 0.56 0.72 0.90 0.94 0.95 1.08 1.23

37.0 0.53 0.55 0.70 0.89 0.93 0.93 1.07 1.21

38.0 0.52 0.54 0.69 0.87 0.91 0.92 1.05 1.20

39.0 0.51 0.53 0.68 0.86 0.90 0.90 1.03 1.18
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There were five mortalities of which three had an

abnormal PPI. Two died in utero due to placental abrup-

tion and one had a true knot on the cord. Three died in

the neonatal period: two had a trisomy 18 and one died

due to prematurity after being delivered at 23+5 weeks

due to severe maternal preeclampsia.

We categorized PPI values into four different classes:

0 – PPI < mean +2 SD; 1 – PPI between +2 and +3 SD;

2 – PPI between +3 and +4 SD; 3 – PPI > mean +4SD,

and calculated the proportions of adverse outcomes for

each class (Table 4). The proportion of pregnancies with

adverse outcomes increased with increasing PPI class.

Discussion

We present a new Doppler index, PPI, that appears to

be useful in predicting outcome of pregnancies with sus-

pected of IUGR. The PPI values decreased with increas-

ing gestational age in the second half of normal

pregnancy. Abnormal PPI had higher sensitivity for the

prediction of adverse pregnancy outcome in suspected

IUGR compared with conventional UA and UtA PIs sep-

arately. Using this new index instead of UA and UtA PIs

separately, might thus improve detection of fetal growth

restriction associated with increased placental vascular

impedance and assist in planning surveillance of these

pregnancies.

We have previously included the presence of a notch in

the spectrum of UtA blood velocity waveform in the eval-

uation of vascular impedance on the maternal side of the

placenta. This has been expressed as UAS of 0–4 based on

UtA PI values and the presence or absence of a notch on

one or both sides (10). The UAS was constructed to make

it easier for the clinicians to understand the information

on both UtA blood velocities in one figure. When com-

pared with PPI, UAS had lower sensitivity. Abnormal

UAS (>0, was seen in 97 pregnancies) predicted adverse

outcome slightly better than the UA PI and the mean

UtA PI. However, we believe that the mean UtA PI is a

better choice than the UAS because of the problems asso-

ciated with the definition of a notch and its interobserver

reproducibility.

Another scoring system, the blood flow class (BFC),

has been widely applied in Scandinavia for assessing UA

blood flow velocity waveforms. The BFC is a simple sys-

tem for expressing the degree of abnormal feto-placental

vascular impedance: BFC 0 – when the UA PI is normal;

BFC 1 – when the PI is above mean +2 SD and below

+3 SD; BFC 2 – when the PI is above +3 SD and there is

still forward flow in diastole; BFC 3 – when there is

absent or reversal of flow in diastole. This system has

gained wide popularity and continues to be used.

1.6

1.4

1.2

1.0

0.8

P
P

I

0.6

0.4

0.2

0.0

20 22 24 26 28 30

Gestational age (weeks)

32 34 36 38 40 42

Figure 1. Gestational age-specific longitudinal reference range for

placental pulsatility index (PPI) during the second half of pregnancy.

The solid line represents the mean and the dashed lines the �2 SD

(below) and +2, +3 and +4 SD (above).

Table 2. Placental Doppler results and outcome in 340 high-risk

pregnancies where the fetus was suspected of intrauterine growth

restriction (<2.3 centile).

n PPI > +2 SD

UA PI >

+2 SD

Mean ute

PI > 1.2

Number 170 96 79

Mean gestational

age at detection

(weeks)

33.8 � 3.3 33.6 � 3.4 32.9 � 3.2

Mean gestational

age at birth

(weeks)

35.5 � 3.3 34.5 � 3.4 34.3 � 3.3

Birthweight (g) 1978.3 � 611 1794.6 � 594 1688.5 � 538

Birthweight

deviation in %

�28.3 � 11.7 �30.7 � 11 �33.4 � 9.7

Placental

weight (g)

391.0 � 143 361.9 � 166 348.4 � 138

SGA < 2.3

centiles, n (%)

191 127 (74.7) 77 (80.2) 71 (89.9)

SGA < 10

centiles, n (%)

273 154 (90.6) 90 (93.7) 78 (98.7)

Birth < 34

weeks, n (%)

51 45 (26.4) 35 (36.5) 30 (38.0)

Birth < 37

weeks, n (%)

115 94 (55.3) 61 (63.5) 55 (69.6)

Birth > 36

weeks, n (%)

225 76 (44.7) 35 (36.5) 24 (30.4)

Admission to

NICU, n (%)

144 107 (62.9) 70 (72.9) 67 (84.8)

Mortality, n (%) 5 3 (1.7) 3 (3.1) 2 (2.5)

Birthweight deviation in %, birthweight deviation from the population

mean in percent; Mean ute PI, mean of the two uterine artery pul-

satility indices; NICU, neonatal intensive care unit; PPI, placental pul-

satility index; SGA, small for gestational age at birth; UA PI, umbilical

artery pulsatility index.
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However, we found that PPI is a better predictor of

adverse outcome than the UA PI. Moreover, the new PPI

can also be categorized into classes, again reducing the

time the clinician needs to plot the PPI figure on a graph.

We found that the frequency of adverse outcome

increased with increasing PPI class (Table 4).

We have previously tried to combine the BFC (0–3)

and UAS (0–4) to create a single score representing

Table 3. Sensitivity, specificity, positive and negative predictive value for adverse outcome of pregnancy in relation to abnormal placental

pulsatility index (PPI), abnormal umbilical artery (UA) PI, abnormal mean uterine artery (UtA) PI and abnormal uterine artery score (UAS). Receiver

operating characteristic (ROC) curve area with 95% confidence intervals (CI) are also presented for each Doppler index or score.

Sensitivity

(%)

Specificity

(%)

Positive predictive

value (%)

Negative predictive

value (%) ROC area and CI

PPI > mean +2 SD

SGA <2.3 centile 66.5 71.1 74.7 62.4 0.719 (0.668–0.767)

SGA <10 centile 56.4 76.1 90.6 30.0 0.705 (0.653–0.753)

<34 weeks 27.6 29.4 26.5 30.6 0.875 (0.835–0.908)

<37 weeks 39.7 26.2 55.3 15.9 0.842 (0.799–0.879)

NICU 74.3 67.9 62.9 78.2 0.801 (0.754–0.842)

UAPI > mean +2 SD

SGA <2.3 centile 40.3 87.2 80.2 53.3 0.671 (0.618–0.721)

SGA <10 centile 33.0 91.0 93.8 25.0 0.653 (0.600–0.703)

<34 weeks 21.5 65.5 36.5 47.5 0.869 (0.828–0.903)

<37 weeks 25.7 66.0 63.5 27.9 0.809 (0.763–0.849)

NICU 48.6 86.7 72.9 69.7 0.764 (0.715–0.809)

UtA PI mean >1.20

SGA <2.3 centile 37.1 94.6 89.9 54.0 0.716 (0.665–0.763)

SGA <10 centile 28.6 98.5 98.7 25.3 0.710 (0.659–0.758)

<34 weeks 18.4 72.3 38.0 49.0 0.793 (0.746–0.835)

<37 weeks 23.2 76.7 69.6 30.3 0.769 (0.720–0.812)

NICU 46.5 93.9 84.8 70.5 0.762 (0.712–0.807)

UAS > 0

SGA <2.3 centile 49.7 98.7 97.9 60.5 0.673 (0.621–0.723)

SGA <10 centile 53.9 99.4 99.0 66.3 0.664 (0.611–0.714)

<34 weeks 22.7 66.1 38.1 48.1 0.746 (0.696–0.791)

<37 weeks 30.8 76.7 75.3 32.5 0.726 (0.676–0.773)

NICU 61.1 95.4 90.7 77.0 0.743 (0.693–0.790)

Table 4. Outcome of pregnancies suspected of intrauterine growth restriction depending on the degree of increase in placental pulsatility index

(PPI) value and related to PPI class defined as different levels of SD from the mean.

PPI class 0

(PPI < +2 SD)

PPI class 1

(PPI +2–3 SD)

PPI class 2

(PPI +3–4 SD)

PPI class 3

(PPI > +4 SD)

Number 170 58 32 80

Mean gestational age

at detection (weeks)

35.2 � 3.0 35.0 � 3.1 33.8 � 2.3 32.9 � 3.4

Mean gestational age

at birth (weeks)

38.5 � 2.2 37.6 � 2.2 35.6 � 2.5 33.8 � 3.3

Birthweight (g) 2676.0 � 454 2464.7 � 460 1981.3 � 471 1624.4 � 508

Birthweight deviation in % �19.4 � 9.2 �21.2 � 11.0 �28.6 � 7.6 �33.4 � 9.4

Placental weight (g) 518.0 � 206 457.9 � 149 396.2 � 83 328.1 � 132

SGA < 2.3 centiles, n (%) 64 (37.6) 29 (50.0) 26 (81.3) 72 (90.0)

SGA < 10 centiles, n (%) 119 (70.0) 43 (74.1) 31 (96.9) 80 (100)

Birth < 34 weeks (n%) 7 (4.1) 4 (6.9) 7 (31.2) 34 (42.5)

Birth < 37 weeks, n (%) 21 (12.4) 17 (29.3) 20 (62.5) 57 (71.3)

NICU, n (%) 37 (21.8) 20 (34.5) 18 (56.3) 69 (86.3)

Mortality, n (%) 2 (1.2) 1 (1.7) 1 (3.1) 1 (1.3)

Birthweight deviation in %, weight deviation in percent from the population mean; SGA, small for gestational age at birth; NICU, admission to

the neonatal intensive care unit.
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placental vascular impedance. The placental score (PLS),

which gives figures from 0 to 7, produced interesting

results (12), but was never used in clinical practice

because a case with BFC of 3 (absent or reversal of flow

in the UA) might theoretically have a normal flow in the

uterine arteries (UAS 0), although we have never seen

this. If that were the case, the PLS would be low, giving

an incorrect impression of lower placental vascular impe-

dance. All cases of ARED blood flow in the UA in the

present study had a PPI above mean +4 SD.

The main limitation of our study is that it is based on

patient material collected in two different hospital settings

more than 10 years apart, although using the same tech-

nique. The results on the high-risk pregnancies were

based on retrospective data of pregnancies suspected of

fetal growth restriction between 1994 and 1999, whereas

the reference values were based on prospectively collected

longitudinal data from low-risk pregnancies during 2006–

2008. The clinician in charge was not blinded to the

results of UA Doppler. This knowledge might have

affected the outcome results. However, the UA Doppler

was not the only parameter used in deciding the mode

and time of delivery. It also included gestational age,

ultrasound estimation of fetal growth, amniotic fluid

index, NST, and/or maternal signs of severe preeclampsia.

The mean UtA PI was, however, not supplied to the clini-

cian as there was no evidence to support its clinical bene-

fit at the time of the study. Another limitation is that we

did not investigate the correlation between PPI and fetal/

neonatal acid-base status, and thus its value in predicting/

diagnosing fetal hypoxia is not known.

In summary, we propose a new index (PPI), expressing

vascular impedance on both sides of the placenta, and

established reference ranges for the second half of preg-

nancy. The reference chart was tested on 340 pregnancies

with suspected IUGR. The PPI had a higher sensitivity in

predicting adverse outcome of these pregnancies com-

pared with either UA PI/BFC or the mean UtA PIs sepa-

rately. The new PPI might therefore simplify and improve

the decision-making process in the management of preg-

nancies suspected of IUGR.
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