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Abstract: The aim of this study was to evaluate the association between cerebroplacental ratio (CPR),
mean uterine artery (mUtA) Doppler and adverse perinatal outcome (APO) and their predictive
performance in fetuses with birth weight (BW) <3rd centile (very small for gestational age, VSGA)
in comparison with fetuses with BW 3rd—10th centile (small for gestational age, SGA). This was a
retrospective cohort study including singleton pregnancies delivered at term (37 + 041 + 6) in a single
tertiary referral center over a six-year period. APO was defined as a composite of cesarean section
for intrapartum fetal compromise (IFC), umbilical artery pH < 7.20, and admission to the neonatal
intensive care unit for >24 h. The characteristics of the study population according to BW (VSGA
and SGA) as well as the presence of composite APO were assessed. The prognostic performance of
CPR and mUtA-PI was evaluated using receiver operating characteristic (ROC) analysis. In total,
203 pregnancies were included. Of these, 55 (27%) had CPR <10th centile, 25 (12%) mUtA-PI >95th
centile, 65 (32%) VSGA fetuses, and 93 (46%) composite APO. VSGA showed a non-significantly
higher rate of composite APO in comparison to SGA (52% vs. 43%; p = 0.202). The composite
APO rate was significantly higher in SGA with CPR <10th centile (36% vs. 13%; p = 0.001), while
in VSGA with CPR <10th centile was not (38% vs. 35%; p = 0.818). The composite APO rate was
non-significantly higher both in VSGA (26% vs. 10%; p = 0.081) and SGA (14% vs. 6%; p = 0.742)
with mUtA-PI >95th centile. The ROC analysis showed a significantly predictive value of CPR for
composite APO in SGA only (AUC 0.612; p = 0.025). A low CPR was associated with composite
APO in SGA fetuses. VSGA fetuses were more frequently affected by composite APO regardless of
Doppler values. The predictive performance of CPR and uterine artery Doppler was poor.

Keywords: cerebroplacental ratio; uterine artery Doppler; small for gestational age; adverse
perinatal outcome

1. Introduction

Fetuses with a birthweight (BW) <10th centile are classified as small for gestational
age (SGA) [1]. Among them, there is a subset of fetuses with different clinical behaviors.
Compared to merely constitutional SGA, growth-restricted fetuses are more often affected
by adverse perinatal outcomes (APOs) including operative delivery, low Apgar scores, low
umbilical artery (UA) pH, neonatal intensive care unit (NICU) admissions, hypotension,
poor thermoregulation, hypoglycemia, intrauterine fetal death, and neonatal death [2—-4].
Maternal underperfusion of the placenta is a common finding in fetal growth restriction
(FGR) and could explain the differences in the pathophysiology of constitutional SGA
and FGR [5]. Since a low cerebroplacental ratio (CPR) reflects a redistribution of cardiac
output towards the brain due to placental dysfunction, it may identify fetuses at higher
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risk of APO [6,7]. In addition, an elevated mean uterine artery pulsatility index (mUtA-PI)
is associated with a higher risk of cesarean section for fetal distress as well as APO [8,9].
However, its main impact is still considered as a predictor for pre-eclampsia [10-12].

Very small for gestational age (VSGA) fetuses with BW <3rd centile represent a partic-
ular subgroup showing a higher risk of APO [13,14]. Doppler performance in these fetuses
has rarely been evaluated. Although there is a large variety of literature focusing on CPR
and mUtA-P], their meaning for APO prediction in VSGA at term remains unclear. Our
aim was therefore to evaluate the association between CPR, mUtA-PI, and APO and their
predictive performance in VSGA compared to SGA.

2. Materials and Methods
2.1. Participants and Protocol

This was retrospective cohort study performed at the University Hospital rechts der
Isar in January 2012 and December 2017. The inclusion criteria were singleton pregnancies,
cephalic presentation, mUtA-PI measurements from 32 + 0 weeks of gestation onwards,
CPR measurements within one week of delivery, and delivery of an alive newborn between
37 + 0 and 41 + 6 weeks of gestation with a birth weight <10th centile. VSGA and SGA were
defined as a BW <3rd centile and a BW in the 3rd-9th centile, respectively [15]. Fetuses
with anatomical or chromosomal abnormalities, pregnancies with elective CS and women
with abnormal labor progression (protraction or arrest at the first or second stage of labor)
were excluded.

Gestational age (GA) was calculated based on measurements of the crown-rump
length in the first trimester. Either a Voluson E8 (GE Medical Systems, Solingen, NRW,
Germany) or a Voluson E10 (GE Medical Systems, Solingen, NRW, Germany) with 4- to
6-MHz curvilinear abdominal transducer was used. Fetal biometry was performed by
measuring the biparietal diameter, head circumference, abdominal circumference, and
femur length. The EFW and its centiles were calculated [15,16]. Doppler assessment of
UtA, UA, and MCA was routinely performed according to our protocol for pregnancies
at >32 + 0 weeks of gestation by doctors with at least two years’ experience in obstetric
ultrasound, adhering to standardized recommendations [17]. mUtA-PI was obtained by
averaging the PI values from the right and left uterine arteries. An mUtA-PI >95th centile
was considered abnormal. The CPR was calculated by using MCA-PI divided by UA-PIL. A
cutoff <10th centile was considered abnormal according to its better performance regarding
APO as compared to CPR <5th centile or CPR < 1 [18].

Composite APO was defined as the occurrence of at least one of the following parame-
ters: CS for intrapartum fetal compromise (IFC), umbilical artery pH < 7.20, or admission
to the neonatal intensive care unit (NICU) for >24 h. IFC was defined as a persistent
pathological CTG pattern or the combination of a pathological CTG pattern and a fetal
scalp pH < 7.20. The CTG pattern was evaluated according to the International Federation
of Gynecology and Obstetrics (FIGO) criteria [19]. A pathological CTG pattern was initially
managed conservatively (left lateral decubitus position, intravenous tocolysis). Fetal scalp
blood sampling was indicated at the discretion of the attending obstetrician. If fetal scalp
blood sampling was not possible due to cervical conditions and if the CTG pattern persisted
in being pathological for 10 min after starting conservative management, CS was indicated.

2.2. Data Collected

The following parameters were obtained and analyzed: maternal age, body mass index
(BMI), parity, ethnicity, nicotine use, pre-existing conditions, GA at ultrasound, amniotic
fluid index, mUtA-PI, UA-PI, MCA-PI, CPR, CPR centiles [20,21], induction of labor, CTG
assessment, fetal scalp pH, mode of delivery, GA at delivery, sex, BW, BW centile, UA pH,
and Apgar score at 5 min.
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2.3. Statistical Analysis

We used IBM SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, NY, USA)
for analysis. Quantitative data were shown as median and interquartile range. Categorical
data were presented as absolute and relative frequencies. Differences in the distributions
of quantitative variables between groups were tested using the Mann-Whitney U test.
Categorical data were compared between groups using Pearson’s chi-square test or Fisher’s
exact test. All statistical tests were conducted two-sided and a p-value < 0.05 was considered
statistically significant.

Characteristics of the study population according to BW (VSGA/SGA) as well as
the presence of composite APO were analyzed. Moreover, univariate logistic regression
analyses stratified by BW (VSGA /SGA) were carried out using maternal characteristics (age,
BMI, parity, ethnicity, nicotine use, pre-existing conditions) and ultrasound parameters
(EFW, EFW centile, CPR, CPR centile, CPR <10th centile, mUtA-PI, mUtA-PI centile,
mUtA-PI >95th centile, sex) as independent variables with composite APO as a binary
outcome. Statistically significant variables in the univariate analysis were considered
in a multivariable logistic regression model. Finally, values of CPR and mUtA-PI, both
alone and combined (multivariable logistic regression), for predicting composite APO
were evaluated using receiver operating characteristics (ROC) analysis stratified by BW
(VSGA/SGA).

3. Results
3.1. Baseline Characteristics and Perinatal Outcome

A total of 203 pregnancies were enrolled. Fourteen women had pre-existing conditions
(four cases of systemic lupus erythematosus, four cases of essential hypertension, three
cases of preeclampsia, two cases of thrombophilia, one case of type 1 diabetes). In the whole
study group, 55 (27%) fetuses showed a CPR <10th centile, 25 (12%) women had a mUtA-PI
>95th centile, and 10 (5%) pregnancies showed a CPR <10th centile and a mUtA-PI >95th
centile. Induction of labor was performed in 131 (65%) pregnancies (93 dinoprostone
vaginal insert, 38 intravaginal minprostin gel) and the most frequent indications were
premature rupture of membranes >12 h, SGA with normal CPR from 40 + 0 weeks onwards
or with low CPR from 37 + 0 weeks onward, or VSGA from 37 + 0 weeks onwards. APO
included 33 (16%) cases of CS for IFC, 48 (24%) newborns with umbilical artery pH < 7.20,
and 29 (14%) newborns admitted to NICU >24 h (reasons were hypoglycemia (11/29),
respiratory distress (9/29), hypothermia (4/29), infection (3/29) or hyperbilirubinemia
(2/29)). Composite APO occurred in 93 (46%) cases.

Overall, 65 (32%) newborns were VSGA and 138 (68%) SGA (Table 1). There were no
significant differences in maternal age, BMI, nulliparity, ethnicity, nicotine use, pre-existing
conditions, GA at measurement of mUtA-PI, and CPR measurement to delivery intervals
between the groups. As expected, BW and BW centiles were lower in the VSGA group.
In addition, VSGA showed a lower rate of UA pH < 7.20 and a higher rate of CS for IFC,
admission to NICU >24 h, and composite APO in comparison to SGA.

Regarding perinatal outcome within the groups (Table 2), VSGA pregnancies with
composite APO showed a significantly higher proportion of nulliparity and induction
of labor as well as a significantly lower GA at delivery and BW. SGA pregnancies with
composite APO showed a significantly lower BMI, a lower proportion of Caucasian women,
and a higher proportion of male fetuses.
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Table 1. Characteristics and outcomes of the study population according to birth weight.

VSGA SGA
(n = 65) (n =138) P

Maternal age (years) 30.6 (7.1) 32 (6.4) 0.270
BMI (kg/m?) 21.6 (3.4) 21.7 (4.3) 0.947
Nulliparity 49 (75) 91 (66) 0.175
Caucasian 61 (96) 133 (96) 0471
Smoking 6(9) 6 (4) 0.205
Pre-existing conditions 4 (6) 10 (7) 1.000
EFW (gram) 2699 (1530) 2890 (484) 0.011 *
EFW centile 5 (10) 9 (41) 0.014 *
CPR 1.53 (0.62) 1.61 (0.57) 0.079
CPR centile 24 (42) 33 (42) 0.040 *
CPR < 10th centile 24 (37) 31 (23) 0.031 *
mUtA-PI 0.69 (0.33) 0.68 (0.23) 0.998
mUtA-PI centile 50 (71) 46 (59) 0.709
mUtA-PI > 95th centile 12 (19) 13 (9) 0.067
Measurement of mUtA-PI (weeks) 37.3(3.8) 36.5 (5.4) 0.210
Amniotic fluid index (cm) 9.9 (6.2) 115 (5.4) 0.114
Induction of labor 43 (66) 88 (64) 0.740
GA at delivery (weeks) 394 (2.2) 40.1 (1.8) 0.019 *
CPR to delivery interval (days) 2 (5) 2(4) 0.362
Delivery at >40 weeks 23 (35) 75 (54) 0.012 *
Cesarean section for IFC 15 (23) 18 (13) 0.071
UA pH 7.26 (0.09) 7.27 (0.13) 0.558
UApH <720 14 (22) 34 (25) 0.628
Apgar 5 min 10 (1) 10 (1) 0.568
Apgar 5 min <7 1(2) 2(1) 1.000
Male 35 (54) 83 (60) 0.396
Birthweight (g) 2725 (280) 2870 (210) <0.001 *

Data are expressed as median (interquartile range) or n (%). VSGA very small for gestational age; SGA small
for gestational age; BMI body mass index; EFW estimated fetal weight; CPR cerebroplacental ratio; mUtA-PI
mean uterine artery pulsatility index; IFC intrapartum fetal compromise; UA umbilical artery; GA gestational
age; NICU neonatal intensive care unit; APO adverse perinatal outcome. A p-value < 0.05 was considered as

statistically significant (*).

Table 2. Characteristics of the entire study population according to the composite adverse perinatal

outcome (APO).

VSGA SGA
(n = 65) (n=138)
Composite APO 4 Composite APO p
no yes no yes
(n=31) (n=34) n=79) (n=59)

Maternal age (years) 30.7 (9.1) 29.8 (6.1) 0.533 31.9(7.2) 32.1(5.8) 0.952
BMI (kg/m?) 21.5(3.7) 21.6 (4.6) 0.536 22.3 (4.5) 20.9 (4.5) 0.019 *
Nulliparity 17 (55) 32 (94) <0.001 * 49 (62) 42 (71) 0.261
Caucasian 30(97) 31(91) 0.615 79 (100) 54 (92) 0.013 *
Smoking 3 (10) 309 1.000 4 (5) 2(3) 1.000
Pre-existing conditions 0(0) 4 (12) 0.115 5 (6) 5(8) 0.744
EFW (gram) 2809 (460) 2568 (748) 0.176 2885 (513) 2890 (523) 0.679
EFW centile 5 (10) 5(8) 0.642 909 10 (14) 0.833
CPR 1.49 (0.63) 1.61 (0.58) 0.834 1.62 (0.53) 1.59 (0.71) 0.025 *
CPR centile 25 (45) 18 (41) 0.773 35 (33) 32 (59) 0.039 *
CPR < 10th centile 11 (35) 13 (38) 0.818 10 (13) 21 (36) 0.001 *
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Table 2. Cont.
VSGA SGA
(n = 65) (n =138)
Composite APO 4 Composite APO P
mUtA-PI 0.64 (0.29) 0.73 (0.41) 0.053 0.68 (0.22) 0.67 (0.26) 0.735
mUtA-PI centile 41 (64) 66 (73) 0.054 49 (59) 46 (59) 0.919
mUtA-PI >95th centile 3 (10) 9 (26) 0.081 5(6) 8 (14) 0.742
CPR <10th centile and mUtA-PI
95tk centilo 2 (6) 5 (15) 0.430 1(1) 2 (3) 1.000
GA at measurement of UtA-PI 37.5 (4.0) 37.1(1.9) 0.703 36.3 (5.9) 35.7 (5.1) 0.632
Amniotic fluid index (cm) 9.5(6.3) 10.1 (7.0) 0.702 11.5(5.9) 11.5 (5.8) 0.820
Induction of labor 16 (52) 27 (79) 0.018 * 45 (57) 43 (73) 0.054
GA at delivery (weeks) 39.8 (1.2) 39.0 (2.4) 0.035 * 40.0 (1.9) 40.1 (2.1) 0.514
CPR to delivery interval (days) 1.5 (7.0) 3.0 (5.0) 0.384 2.0 (5.0) 1.5 (3.0) 0.423
Delivery at >40 weeks 13 (42) 10 (29) 0.292 42 (53) 33 (56) 0.747
Male 14 (45) 16 (47) 0.878 25 (32) 30 (51) 0.023 *
Birthweight (g) 2760 (185) 2640 (370) 0.048 * 2855 (200) 2917 (220) 0.101
Birthweight centile 2 (0) 2(0) 0.340 7(2) 8(2) 0.120
Data are expressed as median (interquartile range) or 2 (%). VSGA very small for gestational age; SGA small for
gestational age; BMI body mass index; EFW estimated fetal weight; CPR cerebroplacental ratio; mUtA-PI mean
uterine artery pulsatility index; GA gestational age. A p-value < 0.05 was considered as statistically significant (*).
3.2. Association between Doppler and Composite APO
VSGA fetuses with a CPR <10th centile or mUtA-PI >95th centile or CPR <10th centile
and mUtA-PI >95th centile showed a non-significantly higher rate of composite APO
(Table 2).
SGA fetuses with a CPR <10th centile had a significantly higher rate of composite
APO (Table 2). In addition, SGA fetuses with composite APO showed a significantly lower
CPR and CPR centile. On the contrary, mUtA-PI >95th centile or CPR <10th centile and
mUtA-PI > 95th centile had a non-significantly higher rate of composite APO.
3.3. Logistic Regression Model
In the VSGA group, univariate logistic regression identified a significant association
between one variable (nulliparity) and composite APO (Table 3). Nulliparity increased the
odds of composite APO by about 13 times.
Table 3. Univariate and multivariable logistic regression of predictors of composite adverse perinatal
outcome. Variables significantly associated with adverse perinatal outcome in univariate regression
(p < 0.05) were included in the multivariable model.
Univariate o Multivariable o
OR 95% CI p OR 95% CI p
VSGA
Maternal age (years) 0.959 0.873-1.053 0.378
BMI (kg/m?) 0.997 0.883-1.125 0.958
Nulliparity 13.17 2.676-64.87 0.002 *
Caucasian 0.344 0.034-3.499 0.368
Nicotin use 0.903 0.168—4.846 0.905
Pre-existing conditions 3.759 0.717-19.074 0.117
EFW 0.999 0.998-1.001 0.250
EFW centile 1.001 0.951-1.053 0.968
CPR 1.115 0.358-3.468 0.851
CPR centile 0.998 0.981-1.016 0.855
CPR <10th centile 1.126 0.410-3.090 0.818
mUtA-PI 6.153 0.599-63.22 0.126
mUtA-PI centile 1.013 0.999-1.027 0.078
mUtA-PI >95th centile 3.360 0.817-13.812 0.093

1.079 0.406-2.866 0.878
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Table 3. Cont.

Univariate Multivariable

OR 95% CI P OR 95% CI 4
SGA
Maternal age (years) 1.010 0.948-1.076 0.762
BMI (kg/m?) 0.897 0.814-0.988 0.027 * 0.918 0.834-1.010 0.078
Nulliparity 1.513 0.733-3.119 0.262
Caucasian 0.171 0.019-1.571 0.119
Nicotin use 0.658 0.116-3.718 0.636
Pre-existing conditions 1.408 0.545-3.641 0.480
EFW 1.000 0.999-1.001 0.688
EFW percentile 1.004 0.968-1.042 0.819
CPR 0.445 0.190-1.039 0.061
CPR percentile 0.992 0.980-1.004 0.182
CPR < 10th percentile 3.813 1.629-8.928 0.002 * 2.804 1.133-6.944 0.026 *
mUtA-PI 1.012 0.156-6.556 0.990
mUtA-PI percentile 0.999 0.988-1.010 0.877
mUtA-PI >95th percentile 0.822 0.255-2.653 0.743
Male 2.234 1.113-4.485 0.024 * 2.227 1.035-4.792 0.040 *

OR odds ratio; CI confidence interval; VSGA very small for gestational age; SGA small for gestational age;
BMI body mass index; EFW estimated fetal weight; CPR cerebroplacental ratio; mUtA-PI mean uterine artery
pulsatility index. A p-value < 0.05 was considered as statistically significant (*).

In the SGA group, univariate logistic regression identified a significant association
between three variables (BMI, CPR <10th centile, male) and composite APO. However,
multivariable logistic regression showed that only CPR <10th centile and male fetuses were
independent predictors of composite APO (Table 3); they increased the odds of composite
APO by about threefold and twofold, respectively.

3.4. Prognostic Value for Composite APO

In the VSGA group, a ROC analysis revealed no relevant prognostic value of CPR or
mUtA-PI for composite APO, but a significant prognostic value for nulliparity (Table 4). The
combined model of CPR and mUtA-PI did not improve prediction compared to mUtA-PI
alone, while the combined model including nulliparity did.

Table 4. Receiver operating characteristics analysis of Doppler parameters alone and combined to
predict composite adverse perinatal outcome stratified by birthweight.

AUC 95% CI p
VSGA
CPR 0.515 0.372-0.658 0.834
mUtA-PI 0.639 0.504-0.775 0.054
Nulliparity 0.696 0.565-0.828 0.007 *
CPR + mUtA-PI 0.641 0.506-0.777 0.051
CPR + nulliparity 0.706 0.576-0.836 0.004 *
mUtA-PI + nulliparity 0.814 0.710-0.917 <0.001 *
CPR + mUtA-PI + nulliparity 0.809 0.705-0.914 <0.001 *
SGA
CPR 0.612 0.512-0.712 0.025 *
mUtA-PI 0.517 0.419-0.615 0.735
Male 0.596 0.500-0.692 0.054
CPR + mUtA-PI 0.611 0.511-0.711 0.026 *
CPR + male 0.647 0.550-0.743 0.003 *
mUtA-PI + male 0.590 0.492-0.688 0.071
CPR + mUtA-PI + male 0.649 0.552-0.745 0.003 *

AUC area under the curve; CI confidence interval; VSGA very small for gestational age; SGA small for gestational
age; CPR cerebroplacental ratio; mUtA-PI mean uterine artery pulsatility index. A p-value < 0.05 was considered
as statistically significant (*).
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In the SGA group, the ROC analysis showed a significant prognostic value of CPR for
composite APO, while for mUtA-PI or male fetal sex it did not (Table 4). Both the combined
model of CPR and mUtA-PI and the combined models including fetal sex (male) did not
improve the prediction substantially compared to CPR alone.

4. Discussion

This study showed a significant association between CPR and the occurrence of
composite APO in SGA fetuses. VSGA fetuses were more frequently affected by composite
APO regardless of CPR value. Furthermore, uterine artery Doppler was not significantly
associated with composite APO in either SGA and in VSGA fetuses. The prognostic value
for composite APO of CPR and/or mUtA-PI was poor.

In the last decade, the difference between fetal growth and fetal size has been high-
lighted. It is important to distinguish between constitutionally small fetuses and fetuses
with signs of placental insufficiency, as the latter are often affected by APO such as IFC or
stillbirth, whereas the former are not [13,22-24]. Measurements of CPR are a part of the
surveillance for SGA fetuses. Recent data suggest that pregnancies with SGA fetuses and
normal Doppler findings can be prolonged safely [13]. Conversely, CPR abnormalities are
associated with APO. Likewise, our data showed a significant association between low CPR
and composite APO in the cohort of SGA fetuses. Previous studies have reported a poor
performance of CPR as an APO predictor except for perinatal death [25-27]. Furthermore,
Di Mascio et al. recently reported a poor performance of CPR as well as of UCA (umbil-
icocerebral ratio) in late-onset FGR as outcome predictors [28]. Accordingly, our analysis
confirmed a low predictive performance of CPR in the SGA group. Serum parameters
reflecting placental insufficiency, such as sFlt-1/PIGFE, might help detect cases of SGA with
a higher risk of APO, but their meaning for APO prediction in high-risk cohorts is still
controversial [29-33].

We found that CPR values were not associated with composite APO in VSGA fetuses.
This is in-line with recent data suggesting that at term EFW <3rd centile is a better APO
predictor than low CPR or pathological uterine Doppler in growth restricted fetuses [13].
Furthermore, in fetuses with normal Doppler parameters, those with EFW <3rd centile
showed a higher rate of CS for fetal distress and longer neonatal hospitalization compared
to those with EFW >3rd centile and BW >10th centile [14]. In addition, a prospective study
including a large cohort pointed out that SGA fetuses with low abdominal circumference
have a particularly higher risk of being affected by APO, indicating the importance of fetal
size itself in detecting FGR situations [33]. Therefore, a BW <3rd centile reflects placental
insufficiency in many cases and an EFW <3rd centile should be handled as an FGR indepen-
dently of the fetal Doppler status as suggested by the Delphi consensus [12]. Nevertheless,
it is important to be aware of the inaccuracy of EFW as measured by ultrasound and the
matching of BW. Cohort studies on EFW reported a high intra- and interobserver variability
and a detection rate of less than 50% of SGA newborns [34,35].

In our cohort, mUtA-PI was not significantly associated with composite APO, although
there was a trend in the VSGA group. However, we acknowledge that the subgroup of
pregnancies with pathological uterine Doppler was small. This result is controversial, as a
recently published meta-analysis implicates a similar performance of uterine artery Doppler
compared to CPR for the prediction of APO in late-onset SGA fetuses [5]. In particular,
the association of perinatal death or stillbirth is noteworthy not only in SGA, but also in
AGA fetuses [5,36]. Still, the current suggested definition of late FGR does not include
mUtA-PI [12]. In contrast to CPR, uterine Doppler reflects the maternal site of the placenta,
and its elevation might be caused by an insufficient invasion of the trophoblast in the first
trimester [37,38]. De novo elevations in the third trimester are more likely explained by
a maternal cardiovascular maladaptation [39]. The meaning of uterine artery Doppler in
VSGA pregnancies remains unclear.

Our findings showed that nulliparity was a significant predictor of APO in the VSGA
cohort. An explanation for this finding might be the longer duration of the second stage
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of labor in nulliparous women, which is associated with APO [40]. As VSGA are already
affected by a reduced placental capacity, they are more likely to experience APO—especially
when the placental oxygenation is further decreased by contractions [41].

Our study was limited by its retrospective design. Furthermore, our institution is a
tertiary referral center which can lead to selection bias. Moreover, since ultrasound and
Doppler examinations were performed by different operators, the internal validity may
be limited. Finally, as we routinely recommend induction of labor >37 weeks gestation
for FGR fetuses (VSGA irrespective of Doppler values, SGA with abnormal Doppler), but
prolongation for SGA fetuses with normal Doppler parameters, this might distort the
results of this study. However, this is a common problem affecting all studies investigating
APO prediction in SGA cohorts.

5. Conclusions

In conclusion, low CPR was associated with composite APO in SGA fetuses, but not in
VSGA fetuses. VSGA is a condition that requires particularly careful monitoring regardless
of the Doppler parameters. Further clinical research is warranted to clarify the role of
cerebral blood flow redistribution and uterine artery Doppler in the prediction of APO as
well as in the pathophysiology of the underlying placental insufficiency in VSGA fetuses.
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Abbreviations

APO  Adverse perinatal outcome
BMI Body mass index

BW Birth weight

CI Confidence interval

CPR Cerebroplacental ratio

EFW  Estimated fetal weight

FGR Fetal growth restriction

FIGO  Federation of Gynecology and Obstetrics
GA Gestational age

IFC Intrapartum fetal compromise
mUtA  Mean uterine artery

NICU Neonatal intensive care unit
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PI Pulsatility index

ROC  Receiver operating characteristic
SGA  Small for gestational age

UA Umbilical artery

VSGA  Very small for gestational age

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Beune, LM.; Bloomfield, FH.; Ganzevoort, W.; Embleton, N.D.; Rozance, PJ.; van Wassenaer-Leemhuis, A.G.; Wynia, K.; Gordijn,
S.]. Consensus Based Definition of Growth Restriction in the Newborn. J. Pediatr. 2018, 196, 71-76. [CrossRef] [PubMed]
Zhang-Rutledge, K.; Mack, L.M.; Mastrobattista, ].M.; Gandhi, M. Significance and Outcomes of Fetal Growth Restriction Below
the 5th Percentile Compared to the 5th to 10th Percentiles on Midgestation Growth Ultrasonography. |. Ultrasound Med. 2018, 37,
2243-2249. [CrossRef] [PubMed]

Zeve, D.; Regelmann, M.O.; Holzman, I.R.; Rapaport, R. Small at Birth, but How Small? The Definition of SGA Revisited. Horm.
Res. Paediatr. 2016, 86, 357-360. [CrossRef] [PubMed]

Malin, G.L.; Morris, RK,; Riley, R.; Teune, M.].; Khan, K.S. When is birthweight at term abnormally low? A systematic review and
meta-analysis of the association and predictive ability of current birthweight standards for neonatal outcomes. BJOG 2014, 121,
515-526. [CrossRef]

Martinez-Portilla, R.].; Caradeux, J.; Meler, E.; Lip-Sosa, D.L.; Sotiriadis, A.; Figueras, F. Third-trimester uterine artery Doppler for
prediction of adverse outcome in late small-for-gestational-age fetuses: Systematic review and meta-analysis. Ultrasound Obstet.
Gynecol. 2020, 55, 575-585. [CrossRef]

Parra-Saavedra, M.; Crovetto, E; Triunfo, S.; Savchev, S.; Peguero, A.; Nadal, A.; Gratacds, E.; Figueras, F. Association of Doppler
parameters with placental signs of underperfusion in late-onset small-for-gestational-age pregnancies. Ultrasound Obstet. Gynecol.
2014, 44, 330-337. [CrossRef]

DeVore, G.R. The importance of the cerebroplacental ratio in the evaluation of fetal well-being in SGA and AGA fetuses. Am. ].
Obstet. Gynecol. 2015, 213, 5-15. [CrossRef]

Morales-Roselld, J.; Khalil, A. Fetal cerebral redistribution: A marker of compromise regardless of fetal size. Ultrasound Obstet.
Gynecol. 2015, 46, 385-388. [CrossRef]

Cruz-Martinez, R.; Savchev, S.; Cruz-Lemini, M.; Mendez, A.; Gratacos, E.; Figueras, F. Clinical utility of third-trimester uterine
artery Doppler in the prediction of brain hemodynamic deterioration and adverse perinatal outcome in small-for-gestational-age
fetuses. Ultrasound Obstet. Gynecol. 2015, 45, 273-278. [CrossRef]

Rizzo, G.; Mappa, I; Bitsadze, V.; Stodki, M.; Khizroeva, J.; Makatsariya, A.; D’Antonio, F. Role of Doppler ultrasound at time of
diagnosis of late-onset fetal growth restriction in predicting adverse perinatal outcome: Prospective cohort study. Ultrasound
Obstet. Gynecol. 2020, 55, 793-798. [CrossRef]

Rolnik, D.L.; Wright, D.; Poon, L.C.Y.; Syngelaki, A.; O’Gorman, N.; de Paco Matallana, C.; Akolekar, R.; Cicero, S.; Janga, D.;
Singh, M.; et al. ASPRE trial: Performance of screening for preterm pre-eclampsia. Ultrasound Obstet. Gynecol. 2017, 50, 492—495.
[CrossRef] [PubMed]

Gordijn, S.J.; Beune, .M.; Thilaganathan, B.; Papageorghiou, A.; Baschat, A.A.; Baker, PN; Silver, R M.; Wynia, K.; Ganzevoort, W.
Consensus definition of fetal growth restriction: A Delphi procedure. Ultrasound Obstet. Gynecol. 2016, 48, 333-339. [CrossRef]
[PubMed]

Meler, E.; Mazarico, E.; Eixarch, E.; Gonzalez, A.; Peguero, A.; Martinez, J.; Boada, D.; Vellvé, K.; Gomez-Roig, M.D.; Gratacés, E.;
et al. Ten-year experience of protocol-based management of small-for-gestational-age fetuses: Perinatal outcome in late-pregnancy
cases diagnosed after 32 weeks. Ultrasound Obstet. Gynecol. 2021, 57, 62—69. [CrossRef] [PubMed]

Savchev, S.; Figueras, F.; Cruz-Martinez, R.; Illa, M.; Botet, F.; Gratacos, E. Estimated weight centile as a predictor of perinatal
outcome in small-for-gestational-age pregnancies with normal fetal and maternal Doppler indices. Ultrasound Obstet. Gynecol.
2012, 39, 299-303. [CrossRef] [PubMed]

Hadlock, FP; Harrist, R.B.; Sharman, R.S.; Deter, R.L.; Park, S.K. Estimation of fetal weight with the use of head, body, and femur
measurements—a prospective study. Am. J. Obstet. Gynecol. 1985, 151, 333-337. [CrossRef]

Marsal, K.; Persson, PH.; Larsen, T.; Lilja, H.; Selbing, A.; Sultan, B. Intrauterine growth curves based on ultrasonically estimated
foetal weights. Acta Paediatr. 1996, 85, 843-848. [CrossRef]

Bhide, A.; Acharya, G.; Bilardo, C.M.; Brezinka, C.; Cafici, D.; Hernandez-Andrade, E.; Kalache, K.; Kingdom, J.; Kiserud, T.; Lee,
W.; et al. ISUOG practice guidelines: Use of Doppler ultrasonography in obstetrics. Ultrasound Obstet. Gynecol. 2013, 41, 233-239.
Bligh, L.N.; Alsolai, A.A.; Greer, R.M.; Kumar, S. Cerebroplacental ratio thresholds measured within 2 weeks before birth and
risk of Cesarean section for intrapartum fetal compromise and adverse neonatal outcome. Ultrasound Obstet. Gynecol. 2018, 52,
340-346. [CrossRef]

Ayres-de-Campos, D.; Spong, C.Y.; Chandraharan, E. FIGO consensus guidelines on intrapartum fetal monitoring: Cardiotocog-
raphy. Int. ]. Gynaecol Obstet. 2015, 131, 13-24. [CrossRef]

Baschat, A.A.; Gembruch, U. The cerebroplacental Doppler ratio revisited. Ultrasound Obstet. Gynecol. 2003, 21, 124-127.
[CrossRef]


http://doi.org/10.1016/j.jpeds.2017.12.059
http://www.ncbi.nlm.nih.gov/pubmed/29499988
http://doi.org/10.1002/jum.14577
http://www.ncbi.nlm.nih.gov/pubmed/29476559
http://doi.org/10.1159/000449275
http://www.ncbi.nlm.nih.gov/pubmed/27685026
http://doi.org/10.1111/1471-0528.12517
http://doi.org/10.1002/uog.21940
http://doi.org/10.1002/uog.13358
http://doi.org/10.1016/j.ajog.2015.05.024
http://doi.org/10.1002/uog.15664
http://doi.org/10.1002/uog.14706
http://doi.org/10.1002/uog.20406
http://doi.org/10.1002/uog.18816
http://www.ncbi.nlm.nih.gov/pubmed/28741785
http://doi.org/10.1002/uog.15884
http://www.ncbi.nlm.nih.gov/pubmed/26909664
http://doi.org/10.1002/uog.23537
http://www.ncbi.nlm.nih.gov/pubmed/33159370
http://doi.org/10.1002/uog.10150
http://www.ncbi.nlm.nih.gov/pubmed/22102177
http://doi.org/10.1016/0002-9378(85)90298-4
http://doi.org/10.1111/j.1651-2227.1996.tb14164.x
http://doi.org/10.1002/uog.17542
http://doi.org/10.1016/j.ijgo.2015.06.020
http://doi.org/10.1002/uog.20

J. Clin. Med. 2022, 11, 3852 10 of 10

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.
40.

41.

Palacio, M.; Figueras, F.; Zamora, L.; Jiménez, ].M.; Puerto, B.; Coll, O.; Cararach, V.; Vanrell, J.A. Reference ranges for umbilical
and middle cerebral artery pulsatility index and cerebroplacental ratio in prolonged pregnancies. Ultrasound Obstet. Gynecol.
2004, 24, 647-653. [CrossRef] [PubMed]

Figueras, F; Savchev, S.; Triunfo, S.; Crovetto, E; Gratacos, E. An integrated model with classification criteria to predict small-
for-gestational-age fetuses at risk of adverse perinatal outcome. Ultrasound Obstet. Gynecol. 2015, 45, 279-285. [CrossRef]
[PubMed]

Gardosi, J.; Madurasinghe, V.; Williams, M.; Malik, A.; Francis, A. Maternal and fetal risk factors for stillbirth: Population based
study. BM]J 2013, 346, f108. [CrossRef] [PubMed]

Kalafat, E.; Morales-Rosello, J.; Scarinci, E.; Thilaganathan, B.; Khalil, A. Risk of operative delivery for intrapartum fetal
compromise in small-for-gestational-age fetuses at term: External validation of the IRIS algorithm. J. Matern. Fetal Neonatal Med.
2020, 33, 2775-2784. [CrossRef]

Conde-Agudelo, A.; Villar, J.; Kennedy, S.H.; Papageorghiou, A.T. Predictive accuracy of cerebroplacental ratio for adverse peri-
natal and neurodevelopmental outcomes in suspected fetal growth restriction: Systematic review and meta-analysis. Ultrasound
Obstet. Gynecol. 2018, 52, 430-441. [CrossRef]

Lobmaier, S.M.; Graupner, O.; Ortiz, J.U.; Haller, B.; Ried, C.; Wildner, N.; Abel, K.; Kuschel, B.; Rieger-Fackeldey, E.; Oberhoffer,
R.; et al. Perinatal Outcome and its Prediction Using Longitudinal Feto-Maternal Doppler Follow-Up in Late Onset Small for
Gestational Age Fetuses—A Prospective Cohort Study. Ultraschall Med. 2021. [CrossRef]

Ortiz, J.U.; Graupner, O.; Karge, A.; Flechsenhar, S.; Haller, B.; Ostermayer, E.; Abel, K.; Kuschel, B.; Lobmaier, S.M. Does
gestational age at term play a role in the association between cerebroplacental ratio and operative delivery for intrapartum fetal
compromise? Acta Obstet. Gynecol Scand. 2021, 100, 1910-1916. [CrossRef]

Di Mascio, D.; Herraiz, 1; Villalain, C.; Buca, D.; Morales-Rosello, J.; Loscalzo, G.; Sileo, EG.; Finarelli, A.; Bertucci, E.; Facchinetti,
F,; et al. Comparison between Cerebroplacental Ratio and Umbilicocerebral Ratio in Predicting Adverse Perinatal Outcome
in Pregnancies Complicated by Late Fetal Growth Restriction: A Multicenter, Retrospective Study. Fetal Diagn. Ther. 2021, 48,
448-456. [CrossRef]

Lobmaier, S.M.; Figueras, F; Mercade, 1.; Perello, M.; Peguero, A.; Crovetto, F,; Ortiz, ].U.; Crispi, F.; Gratacés, E. Angiogenic
factors vs Doppler surveillance in the prediction of adverse outcome among late-pregnancy small-for- gestational-age fetuses.
Ultrasound Obstet. Gynecol. 2014, 43, 533-540. [CrossRef]

Graupner, O.; Karge, A.; Flechsenhar, S.; Seiler, A.; Haller, B.; Ortiz, ].U.; Ortiz, ].U.; Crispi, F.; Gratacés, E. Role of sFlt-1/PIGF
ratio and feto-maternal Doppler for the prediction of adverse perinatal outcome in late-onset pre-eclampsia. Arch Gynecol. Obstet.
2020, 301, 375-385. [CrossRef]

Karge, A.; Beckert, L.; Moog, P; Haller, B.; Ortiz, ].U.; Lobmaier, S.M.; Abel, K.; Flechsenhar, S.; Kuschel, B.; Graupner, O. Role
of sFlt-1/PIGF ratio and uterine Doppler in pregnancies with chronic kidney disease suspected with Pre-eclampsia or HELLP
syndrome. Pregnancy Hypertens 2020, 22, 160-166. [CrossRef] [PubMed]

Ciobanou, A.; Jabak, S.; De Castro, H.; Frei, L.; Akolekar, R.; Nicolaides, K.H. Biomarkers of impaired placentation at 35-37 weeks’
gestation in the prediction of adverse perinatal outcome. Ultrasound Obstet. Gynecol. 2019, 54, 79-86. [CrossRef] [PubMed]
Karge, A ; Seiler, A ; Flechsenhar, S.; Haller, B.; Ortiz, ].U.; Lobmaier, S.M.; Axt-Fliedner, R.; Enzensberger, C.; Abel, K.; Kuschel, B.;
et al. Prediction of adverse perinatal outcome and the mean time until delivery in twin pregnancies with suspected pre-eclampsia
using sFlt-1/PIGF ratio. Pregnancy Hypertens 2021, 24, 37-43. [CrossRef] [PubMed]

Choi, S.K.Y,; Gordon, A.; Hilder, L.; Henry, A.; Hyett, J.A.; Brew, B.K,; Joseph, F; Jorm, L.; Chambers, G.M. Performance
of six birthweight and estimated fetal weight standards for predicting adverse perinatal outcomes: A 10-year nationwide
population-based study. Ultrasound Obstet. Gynecol. 2020, 58, 264-277. [CrossRef] [PubMed]

Ego, A.; Monier, I.; Skaare, K.; Zeitlin, J. Antenatal detection of fetal growth restriction and risk of stillbirth: Population-based
case-control study. Ultrasound Obstet. Gynecol. 2020, 55, 613—620. [CrossRef]

Khalil, A.; Morales-Rosello, J.; Townsend, R.; Morlando, M.; Papageorghiou, A.; Bhide, A.; Thilaganathan, B. Value of third-
trimester cerebroplacental ratio and uterine artery Doppler indices as predictors of stillbirth and perinatal loss. Ultrasound Obstet.
Guynecol. 2016, 47, 74-80. [CrossRef]

Fisher, S.J. Why is placentation abnormal in preeclampsia? Am. J. Obstet. Gynecol. 2015, 213, S115-5122. [CrossRef]

Llurba, E.; Turan, O.; Kasdaglis, T.; Harman, C.R.; Baschat, A.A. Emergence of late-onset placental dysfunction: Relationship
to the change in uterine artery blood flow resistance between the first and third trimesters. Am. J. Perinatol. 2013, 30, 505-512.
[CrossRef]

Thilaganathan, B. Pre-eclampsia and the cardiovascular-placental axis. Ultrasound Obstet. Gynecol. 2018, 51, 714-717. [CrossRef]
Grobman, W.A; Bailit, J.; Lai, Y.; Reddy, U.M.; Wapner, R.].; Varner, M.W,; Caritis, S.N.; Prasad, M.; Tita, A.T.N.; Saade, G.; et al.
Association of the Duration of Active Pushing With Obstetric Outcomes. Obstet. Gynecol. 2016, 127, 667-673. [CrossRef]

Turner, ].M.; Mitchell, M.D.; Kumar, S.S. The physiology of intrapartum fetal compromise at term. Am. J. Obstet. Gynecol. 2020,
222,17-26. [CrossRef] [PubMed]


http://doi.org/10.1002/uog.1761
http://www.ncbi.nlm.nih.gov/pubmed/15517536
http://doi.org/10.1002/uog.14714
http://www.ncbi.nlm.nih.gov/pubmed/25358519
http://doi.org/10.1136/bmj.f108
http://www.ncbi.nlm.nih.gov/pubmed/23349424
http://doi.org/10.1080/14767058.2018.1560412
http://doi.org/10.1002/uog.19117
http://doi.org/10.1055/a-1493-2367
http://doi.org/10.1111/aogs.14222
http://doi.org/10.1159/000516443
http://doi.org/10.1002/uog.13246
http://doi.org/10.1007/s00404-019-05365-9
http://doi.org/10.1016/j.preghy.2020.09.007
http://www.ncbi.nlm.nih.gov/pubmed/32992124
http://doi.org/10.1002/uog.20346
http://www.ncbi.nlm.nih.gov/pubmed/31100188
http://doi.org/10.1016/j.preghy.2021.02.003
http://www.ncbi.nlm.nih.gov/pubmed/33647841
http://doi.org/10.1002/uog.22151
http://www.ncbi.nlm.nih.gov/pubmed/32672406
http://doi.org/10.1002/uog.20414
http://doi.org/10.1002/uog.15729
http://doi.org/10.1016/j.ajog.2015.08.042
http://doi.org/10.1055/s-0032-1329181
http://doi.org/10.1002/uog.19081
http://doi.org/10.1097/AOG.0000000000001354
http://doi.org/10.1016/j.ajog.2019.07.032
http://www.ncbi.nlm.nih.gov/pubmed/31351061

	Introduction 
	Materials and Methods 
	Participants and Protocol 
	Data Collected 
	Statistical Analysis 

	Results 
	Baseline Characteristics and Perinatal Outcome 
	Association between Doppler and Composite APO 
	Logistic Regression Model 
	Prognostic Value for Composite APO 

	Discussion 
	Conclusions 
	References

