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Abstract
Objective—To evaluate the outcome of intrauterine growth restriction (IUGR) infants with
abnormal pulsatility index of the umbilical artery according to the neonatal birth weight/gestational
age standards and the intrauterine growth charts.

Methods—We analyzed 53 pregnancies with severe IUGR classified as Group 2 (22 IUGR:
abnormal pulsatility index and normal fetal heart rate) and Group 3 (31 IUGR: abnormal pulsatility
index and fetal heart rate). Neonatal birth weight/gestational age distribution, body size
measurements, maternal characteristics and obstetric outcome, and neonatal major and minor
morbidity and mortality were compared with those obtained in 79 singleton pregnancies with normal
fetal growth and pulsatility index, matched for gestational age [appropriate for gestational age (AGA)
group]. Differences were analyzed with the χ2 test and the Student’s t test. Differences between means
corrected for gestational age in the different groups were assessed by analysis of covariance test. A
P value <0.05 was considered significant.

Results—At delivery, utilizing the neonatal standards, 25/53 (47%) IUGR showed a birthweight
above the 10th percentile (IUGRAGA) whereas in 28, birthweight was below the 10th percentile
(IUGRSGA). All body size measurements were significantly higher in AGA than in IUGRAGA and
IUGRSGA. Forty-nine out of 79 (62%) AGA and 49/53 (92%) IUGR were admitted in the neonatal
intensive care unit (p<0.001). One out of 79 (1%) AGA and 6/53 (11%) IUGR newborns died within
28 days (p<0.02). Major and minor morbidity was not different.

Conclusion—This study shows that neonatal outcome is similar in IUGR of the same clinical
severity, whether or not they could be defined AGA or SGA according to the neonatal standards.
Neonatal curves are misleading in detecting low birthweight infants and should be utilized only when
obstetrical data are unavailable.

Introduction
Infants born with intrauterine growth restriction (IUGR) are considered at increased risk of
perinatal morbidity and mortality (1,2,3). Despite the importance of making the diagnosis of
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IUGR correctly, the recognition of low birthweight often remains based upon population based
norms which utilize neonatal birthweight data without taking into account the characteristics
of intrauterine growth, of physiological determinants of individual growth and of potentially
inaccurate dating. As a matter of fact, most studies evaluating the perinatal outcome in preterm
babies compare appropriate versus small for gestational age infants or report outcomes based
upon birthweight based on gestational-age based categories with no information about fetal
growth. Most studies utilize the analysis of large databases in which the assessment of
gestational age and/or growth are made retrospectively (1,2,3). However, it has already been
pointed out that population based standards which utilize neonatal birthweights are limited by
the fact that inclusion of premature growth restricted infants incorrectly lowers the norms
resulting in a high rate of misclassification of newborns with some IUGR infants
inappropriately considered to have normal fetal growth. (4). In the past, we have shown that
there are significant differences in oxygenation and acid base balance (5,6) as well in glucose
(7) and amino acid metabolism (8,9) for IUGR fetuses compared to appropriately grown
fetuses, and that the magnitude of these changes tracks with the clinical severity of IUGR.
More recently we have shown that severity of IUGR determines differences in perinatal
outcome (10) as have others (11). In previous studies, we included only antenatally diagnosed
IUGR who were also small for gestational age at birth. The present study was suggested by
the observation of discrepancies between the diagnosis of growth restriction made in utero and
the neonatal classification of birthweight based upon population based standards. Thus, the
aim of this study was to evaluate the obstetrical and neonatal outcome of infants with a clear-
cut diagnosis of IUGR both by reduced fetal size and by the presence of abnormal fetal
velocimetry of the umbilical artery.

Methods
The study was performed in the Department of Obstetrics and Gynecology of the University
of Milano, Department of Medicine, Surgery, Dentistry San Paolo, Italy. The study was exempt
from Institutional Review Board approval since obstetric and neonatal outcomes were collected
as part of the clinical management. The privacy of all patients was warranted.

We collected maternal and neonatal outcomes in 53 consecutive singleton pregnancies
complicated by intrauterine growth restriction (IUGR) and abnormal pulsatility index who
delivered between 280 and 336 weeks of pregnancy and were followed prospectively until
discharge from the High Risk Pregnancy Unit of the Department of Obstetric and Gynecology
of the San Paolo Hospital between 1996 and 2002. Gestational age at delivery was calculated
by the last menstrual period and confirmed by an ultrasound examination performed within 20
weeks. We utilized a classification of clinical severity previously proposed (5) which was based
upon pulsatility index (PI) of the umbilical artery and on the fetal heart rate (FHR) recording.
Only severe IUGR cases were included, i.e. cases with PI of the umbilical artery measured by
Doppler velocimetry ≥2 SD of reference normal values. 22 IUGR pregnancies were classified
as Group 2 with abnormal PI and normal FHR and 31 as Group 3 with abnormal PI and FHR.

The diagnosis of IUGR was determined by ultrasonic measurement of the abdominal
circumference (AC) according to standards previously published for this population (12): the
criteria were an abdominal circumference <10th percentile or a reduction of 40 percentiles in
two consecutive measurements (13). Only livebirths without malformations or abnormal
karyotypes were included.

Umbilical arterial PI was measured within 24 hours from delivery according to the simplified
Gosling formula (systolic velocity minus diastolic velocity divided by mean velocity); the mean
velocity was calculated by dividing the area of the maximal velocity by the length of the cycle.
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The reference values were those obtained in our laboratory from a cross-sectional study of 440
normal fetuses (14).

The fetal heart rate was recorded within 24 hours from birth. The tracings were examined
independently by two investigators who did not know the results of Doppler velocimetry. A
tracing was considered abnormal if at least one of the following patterns was present: less than
two accelerations of the heart rate to an amplitude of ≥10 beats per minute lasting ≥15 seconds
during a period of at least 30 minutes; variability of ≤5 beats per minute during a period of at
least 60 minutes; and U-shaped (late) decelerations in the heart rate after Braxton Hicks
contractions (5).

We analyzed maternal data including age, height, weight, body mass index (BMI) parity,
preexisting medical or obstetrical problems and complications of pregnancy (such as
gestational hypertension/preeclampsia, gestational diabetes mellitus, placenta previa/placental
abruption, previous stillbirth or IUGR).

Neonatal outcome was analyzed immediately after birth in terms of Apgar score at 1′ and 5′,
and the requirement for mechanical ventilation and admission to the NICU. At the time of
discharge, data were collected on neonatal morbidity and mortality. Major morbidity included:
respiratory distress syndrome (RDS), intra ventricular hemorrhage (IVH), retinopathy of
prematurity (ROP), sepsis, necrotizing enterocolitis (NEC) and disseminated intravascular
coagulopathy (DIC). Minor morbidity included: hypoglycemia, jaundice, anemia. The
presence of pulmonary dysplasia, retinopathy stage ≥3 and neurologic sequelae at the time of
discharge were recorded. Neonatal mortality was defined as the death rate within the first 28
days of life.

In addition, neonatal ponderal index (NPI) and body mass index (BMI) were calculated as
follows: NPI=100*[birth weight (gr)/length (cm)3]; BMI=birthweight (kg)/length (m)2. The
brain body weight ratio (BBR) was defined as 100 × the ratio of the infant’s estimated brain
weight to its birth weight. Brain weight was estimated from the formula: brain weight (g) =
0.037 × head circumference (cm)2.57, which is derived from the National Institute of
Neurological and Communicative Disorders and Stroke’s Collaborative Perinatal Project
(15). Thus, BBR was calculated as = 100 × [0.037 × head circumference (cm)2.57]/birth weight
(g).

The data collected in IUGR pregnancies were compared with those collected in 79 singleton
pregnancies, similarly selected with normal intrauterine fetal growth and PI matched for
gestational age (range 28 – 33.6), whose birthweight was appropriate for gestational age (AGA
group).

Results are reported as mean ± standard deviation (SD). The χ2 test and, when appropriate, the
Student’s t test, have been used to evaluate differences in maternal and fetal/neonatal
characteristics. ANCOVA test was performed to assess differences between means corrected
for gestational age in the different groups [AGA, IUGR as a whole, IUGRAGA and
IUGRSGA]. P values <0.05 were considered significant. Data was analysed using stata9 (Stata
Corp., College Station, Texas, USA).

Results
Table 1 shows that at the time of delivery, when utilizing the Italian birthweight/gestational
age neonatal standards (16), 25/53 (47%) IUGR showed a birthweight above the 10th percentile
and were classified appropriate for gestational age (IUGRAGA) whereas in the remaining 28,
birthweight was <10° percentile (IUGRSGA). In other words, 9/22 newborn of Group 2 and
16/31 of Group 3 exhibited a birthweight >10th percentile [IUGRAGA] whereas 13/22 in Group
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2 and 15/31 in Group 3 had a birthweight below the 10th percentile [IUGRSGA]. The mean
percent reduction in birthweight from the 50th percentile was 47.6 ± 9.6% in IUGRSGA and
23.6 ± 6.4% in IUGRAGA (p<0.001).

Figure 1 presents the distribution of birthweight in IUGR fetuses plotted on the reference
standards for intrauterine growth (12). It is important to note that all of these infants had a
birthweight <10th percentile and 70% (37/53) were <3rd percentile. The selection criteria
required that all of these infants also had abnormal umbilical artery velocimetry findings. The
same data are plotted in Figure 2 which incorporates the reference male and female neonatal
birthweight/gestational age standards for the Italian population (16).

The AC was the principal fetal measurement upon which the diagnosis of IUGR was made.
The diagnosis in utero received additional confirmation by the fact that all infants in the study
also had abnormal umbilical artery velocimetry findings.

Figure 3 presents the abdominal circumference data measured by ultrasound within 7 days
from delivery. All IUGR infants were below the 10th percentile. The mean ± SD percent
reduction of the AC compared to the 10th percentile of the reference values (12) was
significantly higher in the IUGRSGA (21.1 ± 5.8%) when compared to the IUGRAGA (11.3 ±
2.8%; p<0.001).

Table 2 presents maternal age, height, pre-pregnancy weight, body mass index (BMI) and
weight increase in pregnancy of AGA and IUGR mothers. No differences were present in any
of these variables. It is worth noting that all IUGRAGA mothers were primigravid (p<0.001
both vs AGA and IUGRSGA).

The number of women who started their pregnancy as low risk (absence of familial, personal
or obstetric pathologies) was 47/79 in the AGA group, 14/25 in the IUGRAGA group, and 16/28
in the IUGRSGA group (p=0.8). During pregnancy, 50/79 control AGA mothers had no
pathology other than premature labor or preterm premature rupture of the membranes
(PPROM) compared to 10/53 IUGR mothers (5 IUGRAGA and 5 IUGRSGA; p<0.001).

On the contrary, the incidence of hypertensive disorders was significantly higher in IUGR
(35/53) than in AGA (13/79; p<0.001) mothers: a difference which persisted when the
individual IUGR groups were considered (19/25 IUGRAGA; 16/28 IUGRSGA). Among
multiparas, a previous stillbirth or IUGR was present in 6/19 IUGR vs 3/28 AGA pregnancies
(p=0.1).

Table 3 presents the gestational age, birthweight, placental weight, fetal/placental weight ratio,
neonatal length, head circumference, ponderal index, body mass index and brain body weight
ratio in AGA and IUGR for the IUGR group as a whole and subdivided into the birthweight-
related groups. Gestational age was significantly higher in controls (p<0.003): when corrected
for gestational age BBR and F/P ratio were significantly lower in AGA vs IUGR whereas all
other parameters were significantly higher in AGA compared to IUGR. Similarly, all body size
measurements were also greater for AGA compared to the IUGR groups separately. These
measurements included birthweight, placental weight, neonatal length, head circumference and
neonatal PI and BMI which were significantly higher in AGA than in IUGRAGA and
IUGRSGA whereas again BBR and F/P were significantly lower in AGA.

Among IUGR, birthweight, placental weight, neonatal length and neonatal BMI were
significantly higher in IUGRAGA than in IUGRSGA whereas BBR was significantly increased
in IUGRSGA, whilst we found no differences in placental weight, F/P, head circumference and
neonatal PI.
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Forty-seven out of 79 AGA mothers delivered by cesarean section compared to 53/53 IUGR
(p<0.001). In most IUGR pregnancies (85%) cesarean section was performed for fetal
indication.

Twenty-nine out of 79 AGA newborns had a 5 minutes Apgar score ≤7 when compared to
35/53 IUGR (p<0.001): no differences were present between IUGR groups (16/25
IUGRAGA and 19/28 IUGRSGA; p=0.8). The number of newborns requiring assisted ventilation
was significantly higher in the IUGR group when compared to the AGA (75.5% vs 40.5%;
p<0.001) with no differences between IUGRs (Figure 4). The number of fetuses receiving
antenatal corticosteroids was significantly higher in IUGR (51/53 vs 23/79; p<0.001) as was
the number of neonates receiving surfactant after delivery (49/53 vs 50/79; p<0.001).

Forty-nine out of 79 AGA and 49/53 IUGR were admitted to the NICU (p<0.001). 1/79 AGA
and 6/53 IUGR newborns (1 IUGRAGA and 5 IUGRSGA) died within 28 days from delivery
(p<0.02). Neonatal major and minor morbidity is presented in Figure 4. More than one third
of the control AGA and 23/53 IUGR newborns had major complications whereas 68.4% AGA
had minor complications when compared to 85% IUGR newborns: none of these differences
was significant when corrected for gestational age. Similarly, no differences were present in
the individual IUGR groups. Only 6/53 IUGR had no postnatal complications when compared
to 23/79 AGA. Pulmonary dysplasia, ROP ≥stage 3 and neurologic sequelae at the time of
discharge were present in 5/79 AGA and 7/53 IUGR (ns).

Discussion
This paper presents the obstetrical and neonatal outcome in IUGR pregnancies diagnosed
utilizing intrauterine fetal growth curves and velocimetry without regard to the neonatal growth
curves. The study clearly demonstrates that neonatal morbidity and mortality are similar in
IUGR of the same clinical severity, whether or not they could be defined appropriate or small
for gestational age according to the neonatal growth standards.

The issue of whether fetal or neonatal growth curves should be used when assessing weight at
birth has been addressed by other authors (17,18). Zaw et al (19) have shown that fetal growth
standards are better in identifying infants at increased risk of respiratory morbidity and
intraventricular hemorrhage among preterm SGA infants, compared to neonatal standards.
Similarly, Clausson et al (20) have shown that the use of customised birthweight standards
increases identification of fetuses at risk of stillbirth, neonatal death and Apgar score <4 at 5
minutes when compared with population-based birthweight standards.

However, we have reviewed the literature using PubMed restricted to English language from
1970 to May 2008, using the key words “intrauterine growth charts, neonatal growth charts,
abnormal doppler, fetal growth restriction, and fetal biometry” and were unable to find any
other studies which had the dual characteristics of (1) a prospective study of IUGR and (2) met
the stringent requirements of diagnosis of IUGR was made in utero based upon both fetal
growth and the presence of abnormal velocimetry and related these cases to neonatal outcome.
Furthermore, to avoid growth restriction based solely upon biometry which could have
included “normal small” babies, we have included in our study only fetuses with abnormal
pulsatility index of the umbilical artery, i.e. the more severe, as we have shown previously
(5,10,21). These dual criteria should have avoided the interference of potential confounding
factors such as maternal height, weight, ethnicity, parity and newborn’s gender (4). In our
study, as in Zaw’s (19), there was a large birthweight difference between fetal and neonatal
growth standards. This finding is strengthened by the fact that we have used standards
developed for our population both for intrauterine growth (12) and for neonatal growth (16).
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It is well recognized that the assessment of fetal growth is a fundamental component of good
antenatal as well as postnatal care due to its consequences for perinatal outcome (1) and adult
health (22). It is now acknowledged that there are ethnic differences that should be taken into
account when analyzing perinatal outcomes (4). Also the issue of whether customized versus
population based growth curves should be used (17) has been debated. The customized growth
standards are useful in taking into account all known constitutional factors affecting growth in
individual fetuses. But both of these effects are minor when one utilizes both fetal biometry
and fetal velocimetry data.

This study highlighted several facts: first – there were no relevant pre-pregnancy differences
for mothers in the control AGA group compared with those in the IUGR groups; more than
half in each group started pregnancy considered at low risk. On the other hand, most IUGR
mothers developed hypertension in pregnancy with no differences between IUGRAGA and
IUGRSGA mothers.

The second observation is that we did not find significant differences in neonatal outcome
between AGA and IUGR infants, most likely due to two factors: a) that IUGR fetuses were
followed prospectively and delivered to minimize morbidity and mortality (23) and b) that
AGA infants were gestational age matched and thus were preterm infants with significant
morbidity and mortality. The differences in morbidity and mortality are mainly due to
IUGRSGA. All IUGR fetuses of Group 2 and three AGA fetuses exhibited abnormal umbilical
pulsatility index measurements of the umbilical artery. In addition, as shown in Table 3, they
had birthweights, placental weights, neonatal length, head circumference, ponderal index, body
mass index which were significantly lower and fetal/placental weight ratios and brain-body
weight ratio which were significantly higher than AGA fetuses whose intrauterine growth was
normal. Also, they required NICU admission more frequently than fetuses with normal
intrauterine growth.

The issue of whether perinatal outcome is different in preterm AGA when compared to SGA
has been debated for many years. However, as reported above, only recently the question of
the growth standards to be used in comparing different populations and the criteria for diagnosis
of intrauterine growth restriction prenatally has begun to be addressed. The results of the
present prospective study are in agreement with the results of larger retrospective studies (3,
19) in showing not only that IUGR increases perinatal morbidity and mortality, but also that
perinatal outcome is correlated to the degree of clinical severity (10). It also reinforces the
conclusion that neonatal birthweight/gestational age percentile curves are misleading in
detecting low birthweight infants and should be utilized only when obstetrical data are
unavailable. The results of the present study also point out the need of a truly perinatal approach
(i.e. joint obstetrical and neonatal approach) in the clinical management of these patients if
optimal medical care is to be provided.
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Figure 1.
Ultrasound estimated fetal weight of intrauterine growth-restricted (IUGR) pregnancies plotted
on the fetal curve of intrauterine growth. AGA, Appropriate for gestational age; SGA, small
for gestational age.
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Figure 2.
Birthweight of intrauterine growth-restricted (IUGR) pregnancies plotted on the neonatal curve
of intrauterine growth for females (A) and males (B). AGA, Appropriate for gestational age;
SGA, small for gestational age.

Marconi et al. Page 9

Obstet Gynecol. Author manuscript; available in PMC 2009 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Marconi et al. Page 10

Obstet Gynecol. Author manuscript; available in PMC 2009 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
A. Fetal abdominal circumference measured with ultrasound within 7 days from delivery. B:
The bar graph shows the mean ± SD percent reduction of the AC compared to the 50° percentile.
AGA, Appropriate for gestational age; IUGR, intrauterine growth restricted; SGA, small for
gestational age.
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Figure 4.
Percentage of newborns who required assisted ventilation at birth and who developed major,
minor or no morbidity in the neonatal period. * p<0.01 AGA vs IUGRAGA; † p<0.003 and ‡
p<0.02 AGA vs IUGRSGA. AGA, Appropriate for gestational age; IUGR, intrauterine growth
restricted; SGA, small for gestational age.
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Table 1
Study population of IUGR fetuses with abdominal circumference <2SD and pulsatility index of the umbilical artery
≥2 SD

Group 2 = FHR normal Group 3 = FHR abnormal Total

Birthweight <10° percentile: IUGRSGA 13 15 28

Birthweight >10° percentile: IUGRAGA 9 16 25

Total 22 31 53
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