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Abstract
Objective: to evaluate fetal growth in pregnancies complicated by placenta accreta 
spectrum (PAS) and to compare fetal growth between cases stratified by ultrasound 
stage of PAS.
Methods: This was a prospective multicenter cohort study of women diagnosed with 
PAS between January 2018 and December 2021. We grouped participants into cases 
by ultrasound stage (PAS stage 1–3) and controls (PAS0). Fetal growth centiles at 
three timepoints with median gestational ages of 21 ± 1 weeks (interquartile range 
[IQR], 20 ± 1–22 ± 0 weeks), 28 ± 0 weeks (IQR, 27 ± 0–28 ± 5 weeks), and 33 ± 0 weeks 
(IQR, 32 ± 1–34 ± 0 weeks) and birth weight centiles were compared between cases 
and controls and between those with PAS stratified by ultrasound stage.
Results: A total of 53 women met inclusion criteria, with a mean age of 37 years 
(standard deviation, ±4.0 years) and body mass index of 27 kg/m2 (standard deviation, 
±5.8 kg/m2). Median (IQR) fetal weight centiles were around the 50th centile at each 
timepoint, with no difference between groups. The incidence of small for gestational 
age (birth weight ≤ 10th percentile) and large for gestational age (birth weight ≥ 90th 
percentile) was 11.3% (n = 6) and 15.1% (n = 8), respectively, with no differences by 
ultrasound stage. The median birth weight centile was 64 (IQR, 26–85), with no dif-
ferences between cases and controls or by ultrasound stage.
Conclusions: In our cohort, a diagnosis of PAS was not associated with fetal growth 
restriction.
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1  |  INTRODUC TION

Placenta accreta spectrum (PAS) describes a range of disease se-
verity where the placenta is adherent or invaded into the myome-
trium and is associated with significant maternal morbidity, and the 
incidence continues to increase.1,2 Antenatal diagnosis is suspected 
based on typical ultrasonographic features.3 PAS can be classified 
into four ultrasound stages based on the number and severity of 
these features, with the more severe stages associated with higher 
maternal morbidity.4 Ultrasound classification largely correlates with 
subsequent histopathological classification, which is graded by lap-
arotomy and/or microscopic examination by FIGO (the International 
Federation of Gynecology & Obstetrics).5

The classification of PAS based on ultrasound findings was 
first described by Cali et al.4 The least severe stage, PAS0, de-
scribes placenta previa with no features of PAS, while the most se-
vere stage, PAS3, is reserved for cases where multiple ultrasound 
features of PAS are present along with increased vascularity in 
the inferior part of the lower uterine segment extending into the 
parametrial region. Severity of ultrasound classification has been 
shown to correlate with maternal morbidity and FIGO histological 
classification.4,5

Descriptions of fetal growth in PAS are limited. There are several 
plausible explanations to suggest that the placentation in PAS may 
be associated with small for gestational age (SGA, birth weight < 10th 
centile6). First, a number of studies have suggested an increased risk 
of SGA in women with placenta previa,7,8 and as the majority of 
cases of PAS are associated with placenta previa,5 this association 
may apply to cases of PAS with placenta previa.

Furthermore, the most common predisposing risk factor for de-
veloping PAS is a previous cesarean section, with the risk of PAS in-
creasing seven-fold after one prior cesarean section.9,10 Women with 
a previous cesarean section are more likely to have lower uterine 
artery volume blood flow and increased resistance of uterine artery 
Doppler measurement.11 Abnormalities of uterine artery Doppler 
are associated with an increased risk of SGA.12 Furthermore, a ce-
sarean section in a first birth compared with vaginal delivery was 
shown to increase the risk of SGA in a second pregnancy (odds ratio 
[OR], 1.5 [95% confidence interval (CI), 1.4–1.5]).13

An essential step in normal placentation is spiral artery trans-
formation in early pregnancy from high resistance to low resistance 
vessels.14 Failure of spiral artery transformation in pregnancy has 
been associated with SGA and other pregnancy complications.15,16 
A number of studies have described abnormal remodeling of spiral 
arteries in PAS, with vessels in PAS cases demonstrating decreased 
proportion of remodeling and only partial physiologic change17 and 
reduced spiral artery remodeling in areas of absent decidua.18

The only study to date that evaluated fetal growth in patients 
with PAS was a retrospective cohort study comparing 82 women 
with PAS, 146 with placenta previa, and 64 controls with a low-lying 
placenta.19 The authors found no difference in fetal growth between 
cases and controls and concluded that serial measurements of fetal 
growth were not indicated in women with PAS. To our knowledge, 

fetal growth and birth weight stratified by ultrasound severity has 
not been previously described.

Hence, the literature relating to fetal growth in PAS is limited. 
The aim of this study is to evaluate fetal growth in women with PAS 
and compare fetal growth and birth centiles stratified by ultrasound 
stage of PAS.

2  |  MATERIAL S AND METHODS

This was a prospective multicenter cohort study conducted be-
tween January 2018 and December 2021 with institutional ethics 
approval and maternal written consent. Two tertiary referral centers 
participated in recruitment and data collection. A joint multidiscipli-
nary team for the management of women with PAS exists between 
the two centers, where approximately 10 to 15 women receive care 
per year.

Participants were recruited at the time of first suspicion of PAS 
from ultrasound findings and provided written informed consent. 
Inclusion criteria were as follows: ultrasound features of PAS as pre-
viously described3 with intraoperative confirmation of PAS as out-
lined by FIGO criteria,5 with histological confirmation from either 
peripartum hysterectomy or myometrial resection,20 or placenta 
previa with a previous cesarean section and no ultrasonographic 
features of PAS, and age older than 18 years, ability to consent, 
and corresponding data available on fetal growth and birth weight. 
Participants with risk factors for SGA (such as pre-eclampsia or hy-
pertension) were not excluded from the study. Data were collected 
prospectively.

Ultrasound examinations were performed by trained fetal-
maternal specialists, with severity of PAS classified from PAS0 to 
PAS3 as previously described.4 Cases of placenta previa with no 
ultrasonographic features of PAS, classified as PAS0, acted as the 
control group.

For estimation of fetal growth, fetal measurements were obtained 
from ultrasound scans performed at three timepoints with median 
weeks of gestation of 21 ± 1 (interquartile range [IQR], 20 ± 1–22 ± 0), 
28 ± 0 (IQR, 27 ± 0–28 ± 5), and 33 ± 0 (IQR, 32 ± 1–34 ± 0), including 
abdominal circumference, head circumference, biparietal diameter, 
and femur length. Estimated fetal weight was calculated using the 
four parameter Hadlock formula.21 Amniotic fluid as estimated by 
deepest vertical pool and uterine artery Doppler were recorded at 
each timepoint as a measure of placental function.

Birth weight centiles and z scores were calculated using the for-
mula plotted by the reference range for gestational age as described 
by the Fetal Medicine Foundation (FMF).22 SGA was defined as a 
birth weight ≤10th percentile and large for gestational age (LGA) as 
a birth weight ≥90th percentile.

All cases included in this study were part of a multicenter PAS 
Multidisciplinary Team (MDT). The management and surgical ap-
proach has previously been described.23 In brief, elective delivery 
gestation and surgical approach are determined based on suspected 
ultrasound severity and individual case factors, including maternal 
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preferences, by the MDT. For most cases, an elective delivery is 
planned between 34 and 36 ± 6 weeks of gestation. A standardized 
surgical approach as previously described is followed,24 with no at-
tempts at manual separation of the placenta where intraoperative 
findings confirm PAS. Involvement of interventional radiology is de-
termined on a case-by-case basis, usually reserved either for severe 
cases of PAS3 or where uterine conservation with myometrial re-
section is planned, and, where used, is performed by aortic balloon 
occlusion.

Data were assessed for normality using standard kurtosis analy-
sis. Normally distributed values are presented as mean and standard 
deviation, with non-normally distributed values presented as median 
and IQR. Categorical variables were compared between groups using 
the Pearson χ2 test and Fisher exact test as appropriate. For continu-
ous variables, comparisons were made using t test and ANOVA and 
Kruskal-Wallis for normally and non-normally distributed values re-
spectively, with Bonferroni correction for multiple tests performed. 
A two-tailed P value <0.05 was considered significant. All statistical 
analyses were performed using IBM SPSS software for Windows 
version 27.0.

Ethical approval was granted by the hospital ethics committee 
and written informed consent was obtained from participants (ref-
erence EC02.2018).

3  |  RESULTS

A total of 53 women met inclusion criteria, with a mean age of 
37 years (±4.0 years) and body mass index of 27 kg/m2 (±5.8 kg/m2). 
All women had at least one prior cesarean section, with a median 
of two (IQR, 1–2) cesarean sections. The majority of women were 
of Irish ethnicity (n = 50, 94%) and nonsmokers (n = 48, 90%). Two 
participants developed mild pregnancy-induced hypertension in the 
PAS1 and PAS 2 groups at 31 and 32 weeks of gestation, respec-
tively. No participants developed pre-eclampsia. Three participants 
developed gestational diabetes, managed with diet and exercise (one 
in each group of PAS1, PAS2, and PAS3).

The median of first suspicion of PAS was 28 weeks (IQR, 24–
32 weeks). Seven participants were upstaged from their initial ul-
trasound scan where PAS was suspected as gestation advanced, of 
whom five had PAS1 at the 21 ± 1 week (20 ± 1–22 ± 0 weeks) ultra-
sound assessment and were subsequently classified as having PAS2, 
while two had PAS2 at the 21 ± 1-week (20 ± 1–22 ± 0 weeks) scan 
and met criteria for PAS3 at the 28 ± 0-week (27 ± 0–28 ± 5 weeks) 
scan.

Maternal outcomes as stratified by ultrasound PAS stage are 
described in Table 1. An ultrasound stage of PAS3 or PAS2 was as-
sociated with a higher rate of hysterectomy compared with PAS1 
(PAS3 vs. PAS1 [P = 0.007] and PAS2 vs. PAS1 [P = 0.002]) and PAS0 
(PAS3 vs. PAS0 [P = 0.0001], PAS2 vs. PAS0 [P = 0.001]), and PAS3 
was associated with higher median blood loss compared with PAS0 
(P = 0.008) and PAS2 (P = 0.051) (Figure 1). There were no maternal 
deaths during the study period.

The median gestational age at delivery for the entire cohort was 
34 ± 3 weeks (33 ± 1–36 ± 5 weeks), with PAS3 associated with ear-
lier median delivery gestation of 32 ± 5 weeks (29 ± 1–34 ± 6 weeks) 
compared with PAS0 and PAS1. The incidence of SGA and LGA for 
the entire cohort was 11.3% (n = 6) and 15.1% (n = 8), respectively, 
with no differences between PAS ultrasound stage (Table 1) or com-
paring cases and controls (Table  2). EFW centiles were similar at 
each timepoint for all groups, with no differences between PAS0 and 
PAS1 to PAS3 (Table 2) or between PAS ultrasound scores (Figure 2). 
Regarding assessment of placental function, there were two cases 
with oligohydramnios (deepest pocket < 3 cm); however, both were 
in the clinical context of preterm ruptured membranes. One case of 
SGA in the PAS3 group was associated with increased resistance on 
umbilical artery Doppler, which emerged at 23 weeks. There were no 
cases of absent or reversed flow in the entire cohort.

For median birth weight, the centile was 64 (IQR, 26–85) and 
z score was 0.13 (±1.1) for the entire cohort, with no differences 
in birth weight centiles when stratified by ultrasound severity 
(Figure 2) or between PAS0 and PAS1 to PAS3.

4  |  DISCUSSION

This study found no difference in fetal growth or birth weight cen-
tiles between PAS cases stratified by ultrasound stage. The median 
fetal growth and birth weight centiles were approximately the 50th 
centile in all groups. The incidence of SGA was not increased in our 
cohort of PAS cases.

SGA is defined as an estimated fetal weight of <10th centile 
and affects up to 10% of pregnancies,25,26 which is similar to the 
incidence reported in the current study. The majority of fetus's with 
SGA will have a good perinatal outcome, with those below the third 
centile or with abnormal umbilical artery Dopplers with or without 
oligohydramnios at highest risk of adverse outcomes.27 In our co-
hort, we reported no cases of severe growth restriction less than 
the third centile or absent or reversed umbilical artery on Doppler.

The literature relating to fetal growth in PAS is limited. One 
of the hypotheses that PAS may be associated with SGA or low 
birth weight relates to the association of PAS and placenta previa, 
which has been identified as a potential risk factor for abnormal 
fetal growth in a number of studies.7,8 A large metanalysis of ret-
rospective cohort studies including 1  593 226 singleton pregnan-
cies, of which 10 575 had placenta previa, found that the incidence 
of growth abnormalities was 8.7 of 100 births in cases of placenta 
praevia compared with 5.8 of 100 among controls, and overall preg-
nancies with placenta previa were associated with a mild increase in 
the risk of SGA (pooled OR, 1.19 [95% CI, 1.10–1.27]).7 A population-
based retrospective cohort study including 2744 women with pla-
centa previa found that, after controlling for confounders for SGA 
such as ethnicity and smoking, placenta previa was associated with 
a small increased risk of severe (OR, 1.37 [95% CI, 1.25–1.50]) and 
moderate fetal growth restriction (OR, 1.24 [95% CI, 1.17–1.32]).8 
However, the included studies had a high statistical heterogeneity 
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with an I2 of 94% and there were no data relating to PAS cases in 
the metanalysis. In contrast, a study including 59 149 women, where 
724 (1.2%) were diagnosed with a complete or partial praevia, after 
adjusting for significant confounding factors (Black race, gestational 
diabetes, preeclampsia, and single umbilical artery), the risk of intra-
uterine growth restriction was similar between groups.28 The pres-
ence of bleeding did not impact the risk of growth restriction in their 
cohort.28

Hence, while several studies have explored fetal growth in pla-
centa previa with conflicting results, the literature relating to PAS 
cases is limited. The only study to date that specifically addressed 
fetal growth in PAS, to our knowledge, found no increase in the inci-
dence of SGA or low birth weight between PAS cases and placenta 
previa.19 This reflects the findings of our study. While an Australian 

population study where data were obtained from birth records 
found the incidence of SGA, stillbirth, and neonatal mortality in PAS 
cases was increased compared with all other women who gave birth 
during the study period, when stratified by prematurity, these differ-
ences were no longer significant.29

In our cohort of patients with PAS, we found no difference in 
SGA or low birth weight by ultrasound severity. We also found no 
other features suggestive of placental insufficiency such as reduced 
amniotic fluid volume or umbilical artery Dopplers. This further sup-
ports the limited evidence to date that PAS is not associated with 
SGA or abnormalities of fetal growth.

This study has a number of strengths and limitations. PAS 
cases were selected based on standardized, previously de-
scribed criteria for ultrasound, clinical criteria from intraoperative 

F I G U R E  1  Maternal outcomes and placenta accreta spectrum (PAS) ultrasound stage. The black line denotes the median and the blue 
box denotes the interquartile range (IQR, 25th–75th percentiles). The estimated blood loss was higher in the PAS3 group compared with the 
PAS0 (P = 0.008) and PAS2 (P = 0.050) groups. There were no significant differences in red cell concentrate (RCC) units transfused between 
groups.

TA B L E  2  Fetal growth and birth weight in PAS0 and PAS1 to PAS3

Fetal outcomes PAS0 (n = 11) PAS1 to PAS3 (n = 42)
P 
value

Gestation at delivery, median (IQR) 36 ± 2 (34 ± 1–37 ± 4) 34 ± 3 (31 ± 1–35 ± 5) 0.007

Fetal EFW centile, median (IQR)

21 ± 1 (20 ± 1–22 ± 0) week 51.0 (44.2–64.0) 53.5 (45.0–69.0) 0.577

28 ± 0 (27 ± 0–28 ± 5) week 50.0 (25.0–70.0) 55.0 (26.0–74.0) 0.685

33 ± 0 (32 ± 1–34 ± 0) week 55.0 (32.5–65.5) 63.0 (44.0–80.0) 0.548

Birth weight

Centile, median (IQR) 45 (14–74) 68 (27.0–86.2) 0.259

z score −0.24 (±1.1) 0.23 (±1.1) 0.230

<10th centile, n (%) 2 (18.2) 4 (9.5) 0.121

>90th centile, n (%) 0 8 (19) 0.430

Note: Table 2 presents cases of placenta accreta spectrum (PAS1 to PAS3) and controls (PAS0) and fetal growth and birth weight centiles. Data are 
mean ± standard deviation or number (percentage) unless otherwise indicated.
Abbreviations: EFW, estimated fetal weight; IQR, interquartile range.
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findings, and histology reporting. Ultrasound assessments were 
performed by fetal maternal specialists, with ultrasound signs and 
severity of PAS classified by clearly defined ultrasound criteria.3,4 
Cases were confirmed using clinical5 and histological criteria20 
as previously described. Furthermore, birth weight centiles were 
calculated using the formula from the FMF, where underestimates 
of SGA are less likely as both birth weight and estimated fetal 
weight for gestational age are evaluated.22 The current study is 
limited by the small sample size and the heterogeneity within the 
population.

In conclusion, PAS was not associated with SGA or low birth 
weight in our cohort, and no differences were seen by ultrasound 
stage. This further supports the current limited literature that there 
is no association between SGA or low birth weight in patients with 
PAS.
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