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Abstract

Objective: Advanced placental maturation (Grannum [G] grade 3)
before term is associated with adverse perinatal outcomes
associated with placental insufficiency. The nature and timing of
the underlying pathology of this process is presently unclear.
We hypothesized that advanced placental maturation at 30 to
34 weeks’ gestation is not associated with established second
trimester markers of severe placental dysfunction.

Methods: In a cohort study of 1238 low-risk Caucasian women with
singleton pregnancies who had sonographic assessment of
placental maturation and fetal growth at 34 weeks, the results
of maternal serum screening (MSS) and uterine artery Doppler
(UtAD) flow studies at 16 weeks were related to adverse perinatal
outcomes associated with placental insufficiency: antepartum
hemorrhage, preeclampsia, preterm birth < 37 weeks, small
for gestational age (< 10th percentile), or postnatal evidence
of intrauterine growth restriction (IUGR; ponderal index
< 5th percentile).

Results: G1 was found in 127 women (10.3%), G2 was found in
18 women (1.5%), and no cases of G3 were observed. Advanced
Grannum grading was significantly associated with IUGR (48 [4.4%]
in G0, 9 [7.1%] in G1, 5 [27.8%] in G2; P < 0.001), but was dependent
on smoking status. IUGR was not predicted by abnormal MSS or
abnormal UtAD findings at either the second or third trimester
ultrasounds.

Conclusion: G2 maturation at 30 to 34 weeks’ gestation is associated
with mild IUGR at delivery in low-risk women and with smoking.
IUGR was not predicted by either second or third trimester markers
of severe placental dysfunction. Future studies directly observing
the placenta in the late third trimester may aid the elusive diagnosis
of “late-onset” mild IUGR.

Résumé

Objectif : La maturation placentaire avancée (grade 3 de Grannum [G])
avant terme est associée à des issues périnatales indésirables
liées à l’insuffisance placentaire. La nature et le moment de
l’apparition de la pathologie qui sous-tend ce processus demeurent
encore troubles. Nous avons émis l’hypothèse selon laquelle la
maturation placentaire avancée à 30-34 semaines de gestation
n’était pas associée aux marqueurs établis d’une dysfonction
placentaire grave au deuxième trimestre.

Méthodes : Dans le cadre d’une étude de cohorte qui portait sur
1 238 femmes de race blanche n’étant exposées qu’à de faibles
risques et présentant une grossesse monofœtale qui ont subi une
évaluation échographique de la maturation placentaire et de la
croissance fœtale à 34 semaines, les résultat du dépistage sérique
maternel (DSM) et d’études Doppler de l’artère utérine (DAUt) à
16 semaines ont été mis en relation avec les issues périnatales
indésirables associées à l’insuffisance placentaire : hémorragie
antepartum, prééclampsie, accouchement préterme < 37 semaines,
hypotrophie fœtale (< 10e percentile) ou signes postnataux de retard
de croissance intra-utérin (RCIU; indice pondéral < 5e percentile).

Résultats : Un G1 a été constaté chez 127 femmes (10,3 %), un G2
a été constaté chez 18 femmes (1,5 %) et aucun cas de G3 n’a
été constaté. La gradation Grannum avancée a été associée de
façon significative au RCIU (48 [4,4 %] en G0, 9 [7,1 %] en G1,
5 [27,8 %] en G2; P < 0,001), mais dépendait du statut quant au
tabagisme. Le RCIU n’a pas été prédit par l’obtention de résultats
anormaux de DSM ou de DAUt au cours des échographies
menées au deuxième ou au troisième trimestre.

Conclusion : Une maturation G2 à 30-34 semaines de gestation est
associée au tabagisme et à un RCIU bénin à l’accouchement chez
les femmes n’étant exposées qu’à de faibles risques. Le RCIU n’a
pu être prédit par les marqueurs de la dysfonction placentaire
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grave du deuxième ou du troisième trimestre. La tenue de futures
études observant directement le placenta à la fin du troisième
trimestre pourrait contribuer au diagnostic difficile à établir de
RCIU bénin « d’apparition tardive ».

J Obstet Gynaecol Can 2010;32(12):1134–1139

INTRODUCTION

Sonographic maturational changes of the placenta
reflected by the Grannum grading scale were first

described by Grannum in 1979.1 The scale, from G0
(least mature) to G3 (most mature), is often referred to as
“placental calcification” because the placental tissue devel-
ops greater amounts of reflective (white) particles. The
changes were originally proposed as a marker of fetal lung
maturity in pregnant women in an era when uncertain gesta-
tional age assignment was common.1 However, subsequent
studies revealed that the association with lung maturity is
too weak to be clinically useful2 and is confounded by
maternal smoking. Eventually the original potential of this
ultrasound observation was supplanted by the move towards
implementation of universal early pregnancy dating and
nuchal translucency measurements at 12 weeks to derive a
risk for trisomy 21,3 while selective use of amniocentesis for
lung maturation studies remains in place.4

Follow-up studies of pregnancies with advanced placental
maturation remote from term demonstrated an association
with a variety of adverse maternal and fetal outcomes,
including IUGR, fetal distress in labour, and preg-
nancy-induced hypertension or preeclampsia.1,5–10 At one
stage, inclusion of the Grannum grade was proposed in an
expanded six-variable biophysical profile,11 but this concept
has not gained wider acceptance.12 In 1987, a randomized
controlled clinical trial in 2000 women in the United King-
dom demonstrated a reduction in perinatal mortality arising
from placental insufficiency when the observation of a
mature placenta at 34 to 36 weeks was followed by weekly
fetal surveillance and targeted delivery.6 The timing of risk
identified in this study suggests late-onset placental
insufficiency, but the underlying mechanisms of advanced
placental maturation remain unknown. The use of placental

grading as part of fetal assessment therefore remains con-
troversial in clinical practice.

One explanation is that the underlying pathologic basis of
advanced placental maturation remote from term is not well
understood. Smoking is an antecedent risk factor,1,5,6,13 but
since the incidence of smoking has greatly reduced,14,15 it is
important to understand the risk factors for advanced pla-
cental maturation in non-smoking women. Biochemical
markers of placental dysfunction, including unexplained
abnormalities in serum levels of AFP and hCG measured in
the second trimester maternal serum screening, can predict
adverse maternal and perinatal outcomes attributable to
placental insufficiency,16 especially when combined with
abnormal UtAD velocimetry.14,17

We hypothesized that the phenomenon of advanced
placental maturation at 30 to 34 weeks in low-risk women is
not predicted by tests that associate with severe, early-
onset placental insufficiency, specifically second trimester
MSS biochemistry and UtAD flow studies, or with
persistently abnormal UtAD alone (uteroplacental vascular
insufficiency).

METHODS

We utilized the dataset from our previously published cohort of
fetal growth at University College London Hospitals.18,19 To
control for ethnic and racial influences on birth weight,20,21

only Caucasian women were included in the study since
they represented approximately 60% of pregnant women at
University College London Hospitals. Other entry criteria
were having a single anatomically normal fetus, enrolling at
� 20 weeks’ gestation, having normal health status with no
chronic medical disorders and no current drug therapy
(other than iron and pregnancy vitamin supplements), and
having an uncomplicated obstetrical history. Of the
1790 women who fulfilled the entry criteria, 1650 chose to
participate; 1238 women were ultimately included in this
analysis because they had an ultrasound performed at 30 to
34 weeks’ gestation and had detailed perinatal information
available. There were no demographic differences between
those who refused to join the study or did not have a third
trimester ultrasound and those who were recruited and
included. Participants provided written informed consent.

All participants had a dating ultrasound at � 16 weeks’ ges-
tation to confirm fetal viability, and gestational age was reas-
signed if the ultrasound-derived estimated date of delivery
disagreed with the menstrual date by more than seven days.
A second trimester anatomical ultrasound was performed at
18 to 24 weeks. A third trimester research ultrasound was
performed between 30 and 34 weeks by a single operator
(M.G.); this examination included standard fetal biometry,
amniotic fluid, and umbilical and UtAD flow studies. The
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ABBREVIATIONS

AFP alpha-fetoprotein

G Grannum grade

IUGR intrauterine growth restriction

MoM multiples of median

MSS maternal serum screening

UtAD uterine artery Doppler



placenta was graded according to the system of grading
placental maturity originally described by Grannum.1 G0 or
normal was assigned when the placenta had a smooth
homogenous texture throughout. G1 referred to cases in
which the placenta had random echogenic areas present.
G2 referred to cases in which the placenta had basal
echogenic areas and indentations in the chorionic plate. G3
referred to the placenta with the most severe evidence of
maturational change involving a combination of echo-poor
areas, irregular echogenic areas, and deep indentations in
the chorionic plate. All ultrasounds were performed with
the Acuson 128/Xp ultrasound machine (Mountain View,
CA), using a 5 MHz curvilinear transducer.

A second trimester maternal serum sample was obtained
(n = 926) to determine concentrations of AFP and hCG,
which are reported in multiples of median. Abnormal bio-
chemistry was defined as an elevation in AFP > 2.0 MoM in
the absence of a related birth defect of the spine, head, or
anterior abdominal wall and/or hCG > 2.5 MoM in the
absence of trisomy 21.

Uterine artery Doppler measurements were obtained dur-
ing the same examination as the second (n = 573) and third
(n = 1232) trimester ultrasounds. The cross-over point of
the uterine and external iliac arteries was identified to obtain
the proximal uterine artery waveform by pulsed Doppler
ultrasound. Uterine artery Doppler results were categorized
as abnormal when the mean pulsatility index obtained from
three consecutive waveforms was greater than 1.45 and/or
bilateral early diastolic notches were observed.

Adverse pregnancy outcome was defined as development
of any of the following: antepartum hemorrhage, preeclampsia,
preterm delivery (< 37 weeks), small-for-gestational age
(SGA; birth weight < 10th percentile), and intrauterine
growth restriction (IUGR; ponderal index at birth < 5th
percentile). Preeclampsia was defined by incremental blood
pressure changes22 together with significant proteinuria
(> 0.3g/24 hours or dipstick 2+ or more on two separate
specimens prior to delivery). The UK–WHO growth charts23

were used for birth weight percentile classification of SGA
infants. The fifth percentile for ponderal index at birth was
determined using the ponderal indices of all infants born to
mothers who were included in the study. Placental weight
percentile was determined according to Kraus et al.24

Demographic data are presented as median and range. The
relationship between variables was determined by a
chi-square test. A P value of < 0.05 was considered statisti-
cally significant.

Ethics Committee Approval was obtained by the Research
Ethics Committee of University College Hospitals London.

RESULTS

Of 1650 women recruited to the fetal growth cohort study,
1238 had the 30 to 34 week ultrasound examination and
detailed pregnancy and perinatal outcome available. The
median maternal age of participants in the study was 31
years (range 15 to 48). Median gestational age at the second
ultrasound was 20 weeks (18 to 24) and at third trimester
ultrasound was 32 weeks (30 to 34). Six hundred sixty-six
women (53.8%) were nulliparous, and 232 (18.7%) were
current smokers. No significant differences in pregnancy or
perinatal outcomes were found between the 1238 patients
with the 30 to 34 week ultrasound and the remainder who
did not attend this examination. The reasons for not having
the 30 to 34 week ultrasound included inability to arrange
an appointment within the specified time period, failure to
attend the examination, maternal refusal, and preterm
delivery.

The MSS and UtAD data are summarized in Table 1 together
with the perinatal outcomes of the cohort. A strong
association was observed between placental grade and
maternal smoking, as previously reported for this cohort,19

as 127 (11.6%), 91 (71.7%), and 14 (77.8%) women with
G0, G1, and G2 placentas, respectively, were smokers
(P < 0.001).

The incidence of adverse outcomes, grouped by Grannum
grade, is presented in Table 2. Advanced placental maturation
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Table 1. Pregnancy outcomes in the cohort

Outcome n (%)

Placental grade

G0

G1

G2

G3

1093 (88.3)

127 (10.3)

18 (1.5)

0 (0)

UtAD study (second trimester) + MSS
(n = 436)

Both MSS and UtAD normal

Either MSS or UtAD abnormal

Both MSS and UtAD abnormal

UtAD study, third trimester (n = 1232)

Normal

Abnormal

394 (90.4)

40 (9.2)

2 (0.5)

1195 (97.0)

38 (3.1)

Mode of delivery: Caesarean section 300 (24.2)



was significantly associated with IUGR and SGA at delivery.
These relationships did not persist after adjustment for
being a current smoker. No such differences were found for
antepartum hemorrhage, preterm delivery (< 37 weeks), or
preeclampsia.

The relationship between Grannum grading and tests of
placental function in the second and third trimesters is sum-
marized in Table 3. Fewer than 1% of women in the cohort
had abnormalities in both MSS and second trimester UtAD.
No significant association was found between placental
grade and the number of abnormal tests. Similarly, just over
3% of the women in the cohort had abnormal UtAD findings
in the third trimester, and no association was found between
placental grade and UtAD abnormalities at 30 to 34 weeks.
In addition, no differences in placental weight distribution
by Grannum grade were observed (data not shown).

DISCUSSION

This analysis of our fetal growth cohort was designed to
explore the timing and therefore the underlying pathologi-
cal processes associated with advanced placental matura-
tion. In this cohort, we found no association between
Grannum grade and proxy markers of early severe placental
dysfunction. In addition, no differences in placental weight
or their percentiles were noted. These findings suggest that
advanced placental maturation represents a mild pathologic
process developing in the third trimester, distinct from the
observations noted in severe, early-onset IUGR where
abnormalities of placental size and shape, first and second
trimester biochemistry, and UtAD studies are observed.14,25

We found no association between advanced placental matu-
ration and measures of second trimester markers of placen-
tal function, including abnormal maternal biochemistry
(AFP and hCG), abnormal UtAD flow studies, or abnor-
malities in both tests. This conclusion is helpful, since it

indicates an underlying pathology that is very different from
that of early-onset, severe growth restriction, where
echogenic cystic lesions, infarcts, and “wobbly” placentas
are observed and correlate with UtAD or maternal serum
biochemistry abnormalities.14,15 Advanced placental matu-
ration in this cohort also did not associate with persistent
UtAD abnormalities measured at 30 to 34 weeks’ gestation.
This finding is consistent with other reports describing nor-
mal uterine and umbilical artery indices in sonographically
mature placentas,26–28 suggesting adequate utero-placental
blood flow to the placental villi. In the context of our study,
these observations imply that neither early abnormalities in
placental villus development nor subsequent placental
ischemia mediate Grannum placental changes. An inde-
pendent disease process arising in the third trimester likely
mediates these changes, because advanced placental matu-
ration segregates with late-onset IUGR characterized by
normal umbilical artery Doppler measurements.26

An important limitation of our study design was the timing
of the fetal growth window at 30 to 34 weeks. Perhaps for
this reason, no cases of G3 placenta were seen.29 In an Irish
study, a G3 placenta was observed in 3.8% of low-risk
women at 36 weeks.5 In the randomized controlled trial
reported by Proud and Grant, women were screened at 34
to 36 weeks to identify and randomize the subset with a G3
placenta to standard care or increased fetal surveillance.6

Despite our earlier examination window, a G2 placenta did
segregate with postnatal measurements of fetal growth
restriction (IUGR; ponderal index < 5th percentile, and
SGA fetus; birth weight < 10th percentile). Given the size
of this low-risk cohort, it is not surprising that the mild
nature of the IUGR process was not associated with
antepartum stillbirth. Since the risk of IUGR in a woman
with a G2 placenta was attributed to her current smoking
history, the detection of advanced placental maturation in a
third trimester ultrasound examination should prompt the
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Table 2. Incidence of adverse outcomes in women with placental G0, G1, and G2

Variable

Cohort population

(n = 1238)
n (%)

G0

(n = 1093; 88.3%)
n (%)

G1

(n = 127; 10.3%)
n (%)

G2

(n = 18; 1.5%)
n (%) P

Antepartum hemorrhage 66 (5.3) 58 (5.3) 7 (5.5) 1 (5.6) 0.99

Preeclampsia 45 (3.6) 40 (3.7) 4 (3.1) 1 (5.6) 0.20

Preterm delivery < 37 weeks 48 (3.9) 38 (3.5) 9 (7.1) 1 (5.6) 0.13

SGA 104 (8.4) 80 (7.3) 21 (16.5) 3 (16.7) 0.001

IUGR 62 (5.0) 48 (4.4) 9 (7.1) 5 (27.8) < 0.001



clinician to address the woman’s current smoking status.
Our data do not support the use of Grannum grading in
current clinical practice.

Given the associations between advanced placental matura-
tion and adverse outcomes, it is important to investigate the
underlying placental pathology. In a stereologic analysis,
Jauniaux and colleagues demonstrated adaptive changes in
placental villi of G3 placentas at the time of delivery.30 This
is an attractive concept, since it is consistent with the gen-
eral view that the placenta makes this type of adaptive or
compensatory response in other circumstances such as
chronic anemia, smoking,31 or high altitude.32 A more
recent stereologic study found no relationship between the
structure of placental villi and Grannum grading, although
the placental ultrasound examination in this study was done
between 31 to 34 weeks, i.e., several weeks in advance of
delivery.33

These contrasting publications illustrate the importance of
study design in advancing our understanding of placental
maturation as expressed in Grannum grading. For example,
an important confounding variable in this context, illus-
trated in our study, is smoking during pregnancy. Almost
one in five women smoked in this urban London UK
cohort in the mid-1990s. Over the subsequent decade, con-
certed efforts have been made to reduce the prevalence of
smoking during pregnancy, albeit with limited success. For
example, in a network study in the United States of 31 sites
that had achieved a > 30% reduction in baseline smoking
rates during pregnancy, the subsequent education period of
2000–2005 saw the prevalence still ranging from 5.2% to
35.7%.34 The pathology of a G3 placenta may differ

between smokers and non-smokers, and to date no pathol-
ogy study has distinguished between smokers and
non-smokers. Careful pathological studies in the future,
including molecular data, may elucidate the mechanisms by
which advanced placental maturation, noted by changes in
Grannum grade, may predispose a low-risk fetus to still-
birth or asphyxia. The defect may reside at the level of the
syncytiotrophoblast layer that regulates fetal growth via its
expression of energy-dependent carrier systems.35
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