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ne of the main components of prenatal care is to assess fetal devel-
opment using several parameters. Evaluation of fetal growth relies
mainly on sonographic biometric measurements of the fetus and

estimation of percentile values of these measurements.1,2 When the per-
centile values fall below the critical levels, a “small fetus” is suspected and
a detailed further examination of the pregnancy with the help of Doppler
modality comes into question.3

In our national antenatal care practice, the otherwise healthy pregnant
women are invited to routine monthly visits.4 In this surveillance model,
the 36th week’s gestation serves as the critical stage for checking the fetal
growth.

Small for gestational age (SGA) fetus and fetal growth restriction (FGR)
are two radically different terms that are commonly used interchangeably.3

Based on their main concepts, the clinician uses the term “FGR” when there
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is a severe restriction and/or a manifestation of
Doppler evidence of placental insufficiency and
prefers to use the term “SGA” when the restriction
is moderate (between 3rd and 10th centiles) or when
no Doppler abnormalities are found.3,5 The Doppler
evaluation of three arterial spaces (umbilical, uter-
ine, and middle cerebral) and one combination
index, and the cerebroplacental ratio (CPR) are ac-
cepted as the standard for investigating a small
fetus.3,5

Although FGR should be viewed as a process
rather than as a point event and the diagnosis should
be on the basis of serial ultrasound evaluations, the
first biometric and Doppler examination is critical
both as the first step to the definitive diagnosis and
in scheduling the pregnancy follow-up.2

In the present study, we present the hypothe-
sis that the percentile values of three biometric
measurements, namely, abdominal circumference
(AC), estimated the fetal weight (EFW), and femur
length (FL), have a high correlation with the
neonatal birth weight (NBW). The second hypoth-
esis was that as the Doppler evaluation reflects the
hemodynamic status of the fetus, adding one of the
three arterial Doppler indices (umbilical, uterine,
or middle cerebral) or one combination index, CPR
could be used to increase the specificity of FGR di-
agnosis (selecting the actual FGR cases) and could
be useful in predicting the distress-prone fetuses
and neonatal intensive care unit (NICU) admis-
sions. 

MATERIAL AND METHODS 

This cross-sectional study was conducted using the
data obtained from the consultations for FGR sus-
picion at the Buca Maternity Hospital, Turkey, dur-
ing the period from August 2016 to January 2019.
Only cases that were referred for FGR, small AC,
BPD, and FL discrepancy or SGA were included in
the sample. 

The inclusion criteria were singleton preg-
nancies that were above the 24th weeks of gestation
at first examination, confirmation of the SGA/FGR
by the perinatologist, complete set of measure-
ments of fetal biometry and the three arterial

Doppler indices, and complete information on the
delivery and the newborn outcomes. The exclusion
criteria were any serologic or sonographic sign of
infectious etiology, placenta previa, single umbili-
cal artery, FGR with comorbidities (gestational di-
abetes mellitus and preeclampsia at the time of
examination), maternal systemic diseases (chronic
hypertension, type 1 diabetes mellitus, and au-
toimmune disorders), incomplete information on
the studied variables, and chromosomal and struc-
tural anomalies. 

During the study period, a total of 498 preg-
nant women were referred for confirmation and
further evaluation of FGR. Of these, 146 pregnan-
cies were excluded for various reasons: in 92 cases
(63.0%), true gestational age could not be estimated
(not remembering the last menstrual date and not
having a documentation of cranium-rump length
(CRL) measurement); 22 cases (15.1%) were com-
plicated with gestational diabetes mellitus (regu-
lated with diet or insulin); 9 cases (6.2%) were
diagnosed or suspected with rupture of the mem-
brane at examination; in 8 cases (5.5%), delivery
occurred at other hospitals without available out-
comes; 5 (3.4%) fetuses had various signs of chro-
mosomal or syndromic genetic disorders; 3 cases
(2.1%) reported suspicious viral serologies; 3 (2.1%)
pregnancies were associated with maternal arterial
hypertension at diagnosis; in 2 cases (1.4%), the
fetal head was engaged deeply at the pelvis pre-
venting middle cerebral artery (MCA) measure-
ments; and 2 cases (1.4%) had placenta previa. 

All examinations were performed by a perina-
tology specialist (S.K.) and stored on the ultrasound
machine’s hard drive. All measurements were per-
formed using a Samsung SonoAce R7 (Samsung
Medison; Seoul, South Korea) ultrasound machine. 

To analyze the degree of growth pathology for
fetal size parameters, a formula transforming the
measurements in days to a percent deviation
(%DV) was applied. This %Dev approach was used
for statistical analysis and interpretation of these
size parameters as a measure of growth potential
realization at a time point by quantifying the
growth pathology.6
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%Dev = 
measured parameter-predicted parameter   

× 1006

predicted parameter) 

The arterial Doppler measurement techniques
were the same as described by the ISUOG guide-
lines.7 The pulsatility index (PI) was selected for
statistical analysis owing to its wide preference in
the related literature.5,7,8 The percentiles of arterial
measurements were calculated according to the
widely accepted nomogram reference studies: the
nomogram presented by Gomez et al. was used for
mean uterine artery (Ut A) PI, the reference ranges
of Acharya et al. were used for umbilical artery
(UA) PI, and the study of Ebbing et al. was used for
the MCA PI and the CPR.9-11

The FGR was defined as EFW <10th centile
based on the ultrasonographic measurements of
fetal biparietal diameter (BPD), head circumfer-
ence (HC), AC, and femur length (FL) (Hadlock-
2) or AC <10th centile with an accompanying
Doppler abnormality.8,12,13 The 32nd week of gesta-
tion served as the cut-off point for the classifica-
tion of early- versus late-onset FGR.13 The neonatal
birth weight (NBW) was categorized according to
the gestational age during delivery and the gender
of the newborn. 

The clinical decisions on the FGR-diagnosed
pregnancies were made based on two widely ac-
cepted follow-up models-the predictable progres-
sion approach described by Turan et al. and the
gestational age at diagnosis (GAAD)-based follow-
up model described by Figueras et al., along with
individual case characteristics, the NICU facilities
of the institution, and when required the prefer-
ences of the couples.3,14

The study was approved by the Health Sci-
ences University Tepecik Training and Education
Hospital Clinical Trials Ethical Committee (ap-
proval number: 2019/2-16, decision date:
13/02/2019). The study was conducted in accor-
dance with the ethical principles of the Helsinki
declaration.

STATISTICAL ANALYSIS 

The results were presented as the mean±standard
deviation for normally distributed variables, as the
median (range) for non-normally distributed vari-

ables and as frequencies for categorical variables.
Student’s t-test was used to compare the independ-
ent group means, and a chi-square test was used to
compare the categorical variables. For non-nor-
mally distributed variables and ordinal variables,
comparisons were performed using the Kruskal-
Wallis test and Dunn correction, and the Mann-
Whitney U test was performed to test the
significance of pairwise differences to adjust for
multiple comparisons. Frequencies were compared
between the groups with chi-square analysis (when
two groups were tested) and with multi-box chi-
square analysis (when four groups were tested). To
determine the predictors of follow-up time, a linear
regression analysis was first conducted, followed
by multiple linear regression to study a predictive
model. The Cox regression analysis requires a cen-
sored variable to be conducted. The censored vari-
able was selected as “delivery during the first seven
days” status to assess the power of the clinical and
Doppler parameters as predictors of the follow-up
time variable in the NBW <10th centile group. Data
were analyzed using the SPSS software (version 22;
Chicago, Illinois, USA). A p-value less than 0.05
was considered statistically significant. 

RESULTS 

STUDY GROUP 

A sample of 352 pregnancies was analyzed. The
median maternal age was 26 years (17-45 years)
and the median GAAD was 36 weeks (w) four days
(d) (25w3d-42w0d) in the cohort. The number and
frequencies of the nulliparous and parous women
were 165 (46.9%) and 187 (53.1%), respectively.
The median EFW at first biometry was 2200 (700-
3050) grams. Of all pregnancies, 64 (18.2%) women
were active smokers. Fetal gender at sonographic
examination was noted as 190 (53.9%) females, 160
(45.5%) males, and 2 (0.6%) ambiguous genitalia.
These observations were confirmed postnatally.
Oligohydramnios was detected in 71 cases (20.2%)
at first examination. 

The number and frequency of the pregnancies
with an NBW <10th centile was 246 (69.9%), and
106 (30.1%) pregnancies had an NBW ≥10th centile
(Table 1). 
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The percentile distribution of cases with NBW
≥10th centile was as followed: 75 cases (70.8%) were
from 10 to 20th centiles, 27 cases (25.4%) were from
21 to 50th centiles, and 4 cases (3.8%) were from 51
to 99th centiles. 

The NBW <10th centile cases were divided into
four categories according to their GAAD: <30
weeks, 30w1d-33w6d, 34w0d-36w6d, and ≥37th

weeks. The main characteristics of these categories
are presented in Table 2.

The diagnostic accuracy was the highest in
cases with early-onset FGR: 14/17 (82.3%) of cases
that were consulted at or before 30 weeks’ gesta-
tion were <10th centile at birth. The remaining
three cases were at the border of the SGA cut-off
level: 11, 13, and 16%. 

Preeclampsia was diagnosed in 5/246 (2.03%)
women; 2 cases were in the <30 week GAAD
group, and the remaining three cases were in the
late-onset FGR group. Two cases (0.8%) of placen-
tal abruption were observed in the NBW <10th cen-
tile group; both women were smokers. 

The only surveyed postnatal death (1/246; 0.4%)
occurred in the 6th month in a case from 30w1d-
33w6d GAAD category. No case of intrauterine fetal
death was reported in the study group.

In the SGA group, the smoking habit was as-
sociated with increased risk of cesarean delivery for
fetal distress indication (OR: 3.0; 95% CI: 1.07-8.37;
p=0.033). 

Oligohydramnios at the diagnosis was found
to be a risk factor for NICU admission in the SGA
group (OR: 5.4; 95% CI: 1.82-15.97; p=0.003). 

ANALYSIS OF BIOMETRIC MEASUREMENTS 

The frequency of cases presented with AC value of
<3rd centile was higher in the NBW <10th centile
group: 80.9% vs. 57.3% (p<0.0001). The frequency
of cases presented with FL value of <3rd centile was
higher in the NBW <10th centile group: 51.8% vs.
18.2% (p<0.0001). The AC <3rd centile reported the
highest sensitivity (81.9%) for the diagnosis of
NBW <10th centile, whereas EFW <3rd centile re-
ported the highest specificity (83.2%). The highest
specificity (100%) and PPV (100%) were obtained
with the combination of FL <3rd centile and UA PI
>95th centile. None of the cases with FL <3rd cen-
tile and UA PI >95th centile combination (n=36)
were above the 10th centile at birth. While reach-
ing a high specificity (92.2%) and PPV (87.8%), the
combination of EFW <3rd centile and UA >95th cen-
tile resulted in a false-negative diagnosis in 143
(58.1%) cases. At the time of diagnosis, either the

Neonatal birth weight <10th centile Neonatal birth weight ≥10th centile

Characteristics n:246 n:106 p

Maternal age median (range) 26.0 (17-45) 27.5 (18-40) 0.358

Gestational age at diagnosis days median (range) 257 (178-280) 252 (182-283) 0.004

Gestational age at diagnosis weeks median (range) 36w5d (25w3d-40w0d) 36w0d (26w0d-42w0d) 0.005

Gestational age at delivery days median (range) 269 (208-295) 271 (224-289) 0.510

Nulliparity % 56.4 37.7 <0.0001

Gender (Female/male) 137 (55.6%)/109 (44.4%) 56 (52.8%)/50 (47.2%) 0.549

Smoking % 46 (18.7%) 18 (16.9%) 0.701

Oligohydramnios % 22.1 17.9 0.302

Median estimated fetal weight at diagnosis grams (range) 2200 (700-2900) 2284 (720-3050) 0.139

Median neonatal birth weight grams (range) 2550 (940-3050) 3052 (1680-3800) <0.0001

Delivery route (vaginal/cesarean) 148 (60.2%)/98 (39.8%) 82 (77.3%)/22 (20.7%) 0.027

NICU admission 49 (19.9%) 1 (0,9%) <0.0001

Number and frequency of cases with CPR <5th centile at first examination 48 (19.5%) 8 (7.5%) 0.004

Number of cases with at least one Doppler abnormality 91 (36.9%) 24 (22.6%) 0.008

Follow up time in days median (range) 12 (0-101) 18 (0-100) 0.003

TABLE 1: Comparison of the true and false positive groups according to their main obstetric and clinical properties.

NICU: Neonatal intensive care unit; CPR: Cerebroplacental ratio.
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EFW was above the 3rd centile or the UA PI was
not above the 95th centile in 58.1% of NBW <10th

centile cases (Table 3).

None of the cases with EFW <3rd centile and
mean UtA PI >95th centile was above the 10th cen-
tile at delivery, indicating a 100% specificity, and
103 (29.2%) cases with EFW >3rd centile and/or
mean UtA PI <95th centile were above the 10th
centile at delivery. 

For each biometric measurement, addition of
any Doppler indices resulted in decreased sensitiv-
ity but increased specificity (Table 3). 

In the FGR group, the frequency of cases with
FL <5th centile was not significantly higher in the
smoking pregnant women than in non-smokers:
48.8% vs. 38.9% (p=0.228). 

The cranial size parameters, i.e., BPD and
HC% deviations were significantly higher in fe-
male fetuses than in the male fetuses: -6.6 (-20,
+12)% vs. -4.8 (-18, +11)%; p<0.0001 and -4.2 (-21,
+13)% vs. -1.7 (-14, +12)%; p<0.0001, respectively.
The FL and AC %Dev were not significantly dif-
ferent between the two genders: -6.6 (-20, +3)% in
females vs. -5.5(-19, +3)% in males: p=0.643 and -

9.7 (-22, +3)% in females vs. -10.1 (-18, +2)% in
males: p=0.572, respectively. The only significant
correlation was found between the AC %Dev and
the follow-up time: correlation coefficient
(CC)=0.425, p<0.0001. 

ANALYSIS OF DOPPLER INDICES 

The number and frequency of cases with at least
one Doppler abnormality were significantly higher
in true-positive cases (NBW <10th centile) than in
false-positive cases (NBW ≥10th centile): 91 (36.9%)
vs. 24 (22.6%), respectively; p=0.008 (Table 1). 

In the <30w GAAD group, CPR <5th centile
was detected in two cases (14.3%; Table 2). In the
30w1d-33w6d GAAD category, the median follow-
up was significantly lower in cases presented with
MCA <5th centile than in cases with MCA ≥5th cen-
tile at first examination; 4 (3-30) days vs. 37 (11-
53) days; (p=0.003). 

In the 34w0d-36w6d GAAD category,
Doppler findings suggested that six cases (5.7%) re-
quired emergency cesarean delivery for asphyxia
(Table 2), whereas labor was induced in 21 cases
(20.0%) based on the findings at diagnosis. In this

≥37w0d 34w0d-36w6d 30w0d-33w6d <30w0d

Characteristics n:92 (37.4%) n:105 (42.7%) n:35 (14.2%) n:14 (5.7%) p

Maternal age median (range) 25 (18-38) 26 (17-41) 27 (17-39) 26 (21-45) 0.138

Nulliparity  (%) 60.8% 56.2% 52.0% 55.0% 0.289

Smoking (%) 21.5% 21.3% 21.4% 18.2% 0.994

Severe FGR (<3rd centile) (%) 40.2% 32.1% 48.6% 26.7% 0.307

Follow up duration days median (range) 5 (0-27) 16 (0-39) 36 (0-74) 48 (2-101) <0.0001

Doppler findings %

UA PI >95th centile 23 (25.0%) 32 (30.5%) 15 (42.9%) 7 (50.0%) 0.024

MCA PI <5th centile 17 (18.5%) 21 (20.0%) 8 (22.8) 2 (14.3%) 0.951

CPR <5th centile 12 (13.0%) 18 (17.1%) 6 (17.1%) 2 (14.3%) 0.466

Mean Ut A PI >95th centile 17 (18.5%) 22 (20.9%) 15 (42.8%) 8 (57.1%) 0.001

AEDF-REDF-DV absent of a wave 1 (1.1%) 2 (1.9%) 2 (5.7%) 1 (7.1%) 0.019

Decisions <0.0001

Immediate delivery 1 (1.1%) 6 (5.7%) 2 (5.7%) 0 (0.0%)

Induction of labor 33 (35.9%) 12 (11.4%) 0 (0.0%) 0 (0.0%)

Follow up 58 (63.0%) 87 (82.8%) 33 (94.3%) 14 (100.0%)

Cesarean delivery for fetal distress 26 (28.2%) 23 (21.9%) 14 (40.0%) 4 (28.6%) 0.053

NICU admission 9 (9.8%) 16 (15.2 %) 17 (48.6%) 7 (50.0%) <0.0001

TABLE 2: Presentation of the cases with neonatal birth weight less than 10th percentile according to the gestational age at diagnosis.

FGR: Fetal growth restriction; UA PI: Umbilical artery pulsatility index; MCA PI: Middle cerebral artery pulsatility index; CPR: Cerebroplacental ratio; UtA PI: Uterine artery pulsatility

index; AEDF: Absent end-diastolic flow; REDF: Reverse end-diastolic flow; DV: Ductus venosus; NICU: Neonatal intensive care unit.
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gestational age category, the median CPR was not
significantly different between true-positive and
false-positive cases (1.89 vs. 1.97; p=0.068). The fre-
quency of the cases presented with MCA <5th cen-
tile was higher in the NBW <10th centile group;
21% vs. 8.8% (p=0.014). 

In the ≥37th week GAAD group, 1 (1.1%) of
the cases required emergency cesarean delivery for
AEDF (Table 1) and labor was induced in 33 cases
(35.9%) on the basis of findings at diagnosis. The
number and ratio of cases that required NICU ad-
mission were higher in the group induced to labor
than in the follow-up group: 6/33 (66.6%) vs. 2/58
(3.4%) (p=0.031). The median NBW was higher in
the group with induced labor than in the follow-
up group: 2495 grams (1980-3000) vs. 2120 (2015-
3050) (p<0.0001). 

When we look at the NBW <10th centile
group, the mean CPR value was higher in the vagi-
nal delivery group than in the cesarean delivery for
fetal distress indication group (1.99±0.71 vs.
1.54±0.63; p=0.009). The mean UA PI was also
higher in cases that required cesarean delivery for
fetal distress than in cases that underwent vaginal
delivery (1.13±0.44 vs. 0.95±0.17; p=0.019). The

difference between the mean UA PI could not
reach a statistical significance (1.01±0.40 vs.
0.82±0.31; p=0.068).

The frequency of FGR cases presented with
UA PI >95th centile was higher in the early-onset
FGR group than in the late-onset FGR group
(46.8% vs. 28.9%, p=0.041). When we divided the
FGR cases as <37 weeks’ gestation and ≥37th week at
diagnosis, the frequencies of cases with UA PI >95th

centile were not significantly different (35.1% vs.
25.0%; p=0.099). 

The frequencies of FGR cases presented with
MCA <5th centile were not significantly different be-
tween the early- and late-onset cases (20.2% vs.
15.8%; p=0.314). The frequencies of cases presented
with MCA <5th centile were not significantly differ-
ent between the cases diagnosed before and after the
37th gestational weeks (18.5% vs. 20.1%; p=0.751). 

One of the newborns with NBW ≥10th centile
required NICU admission. This case was 32w1d and
CPR <5th centile at the first examination and the in-
dication for the cesarean delivery was fetal distress
documented by cardiotocography (CTG). The other
seven cases with NBW ≥10th centile and CPR <5th

centile did not require NICU admission (Table 1). 

Measurement Sensitivity % (95% CI) Specificity % (95% CI) PPV % (95% CI) NPV % (95% CI)

AC <3rd centile 81.9 (75.8-87.1) 39.8 (30.3-49.9) 71.9 (68.4-75.2) 53.9 (44.4-63.2)

FL <3rd centile 52.9 (45.1-60.7) 81.8 (59.7-94.8) 95.7 (90.7-98.2) 18.5 (15.2-22.7)

EFW <3rd centile 55.2 (48.1-62.1) 83.2 (74.5-89.6) 86.2 (80.1-90.6) 49.2 (44.8-53.5)

AC <3rd centile + UA PI >95th centile 32.3 (25.1-40.1) 91.9 (82.1-97.3) 91.2 (81.3-96.1) 34.3 (31.4-37.3)

AC <3rd centile + Ut A PI >95th centile 38.0 (29.3-47.2) 80.7 (68.1-89.9) 80.7 (70.1-88.2) 38.0 (33.6-42.5)

AC<10th centile + UA PI>95th centile 29.4 (23.2-36.2) 94.3 (87.9-97.9) 90.8 (81.5-95.7) 41.1 (38.7-43.5)

AC <10th centile + UtA PI >95th centile 34.1 (25.9-43.1) 84.6 (73.5-92.3) 81.3 (69.8-88.9) 39.9 (36.0-43.8)

FL <3rd centile + UA PI >95th centile 24.3 (18.0-31.7) 100.0 100.0 14.5 (13.4-15.6)

FL <3rd centile + Ut A PI >95th centile 16.9 (11.2-23.9) 98.1 (89.9-99.9) 96.1 (77.6-99.5) 29.7 (28.0-31.4)

EFW <3rd centile + UA PI >95th centile 28.9 (22.7-35.6) 92.2 (85.2-96.6) 87.8 (78.3-93.6) 39.9 (37.4-42.4)

EFW <3rd centile + Ut A PI >95th centile 20.8 (15.4-27.0) 100 (96.4-100.0) 100 39.2 (37.5-40.8)

AC < 3rd centile + MCA <5th centile* 19.8 (13.6-27.4) 89.3 (80.0-95.2) 77.8 (62.6-87.9) 37.2 (34.6-39.9)

FL < 3rd centile + MCA <5th centile* 13.9 (8.7-20.7) 98.2 (89.7-99.9) 94.7 (71.4-99.2) 30.9 (29.2-32.6)

EFW <10th centile + MCA <5th centile* 37.3 (29.8-45.2) 97.7 (91.9-99.1) 96.8 (88.3-99.1) 45.7 (42.7-48.8)

AC <3rd centile + CPR <5th centile* 18.5 (12.6-26.1) 92.9 (82.7-98.0) 86.2 (69.5-94.4) 32.1 (29.8-34.5)

FL <3rd centile + CPR <5th centile* 13.1 (7.8-20.1) 100.0 (93.6-100.0) 100.0 33.1 (31.7-34.6)

EFW <3rd centile + CPR <5th centile* 18.4 (12.0-26.3) 100.0 (93.3-100.0) 100 34.2 (32.3-36.1)

TABLE 3: Diagnostic performance of the biometric measurements and the Doppler indices.

*These combinations were evaluated only for their diagnostic performance in late-onset FGR. 

PPV: Positive predictive value; NPV: Negative predictive value; AC: Abdominal circumference; FL: Femur length; EFW: Estimated fetal weight; CPR: Cerebroplacental ratio.



A multiple linear regression model (R2=0.69)
was used to identify independent predictors of the
follow-up time in cases with NBW <10th centile.
The GAAD (Beta -, 737; p<0.0001), the mean UtA
PI (Beta -, 307; p<0.0001), and MCA PI (Beta, 192;
p<0.0001) were strong predictors of follow-up time.
The EFW (Beta, 227; p=0.059) and UA PI (Beta -,
110; p=0.171) could not add to the multiple linear
regression model.

The power of these clinical and Doppler pa-
rameters was assessed using the Cox regression
analysis to predict the need for delivery during the
first seven days. The GAAD (H: 1.05, 95% CI: 1.03-
1.09; p<0.0001), the MCA PI <5th centile (H: 0.29,
95% CI: 0.14-0.59, p=0.001), the mean UtA PI >95th

centile (H: 0.39, 95% CI: 0.19-0.79; p=0.009), and
UA PI >95th centile (H: 0.44, 95% CI: 0.21-0.96;
p=0.039) were predictors of follow-up time cen-
sored by “delivery during the first seven days” sta-
tus in the NBW <10th centile group.

The mean UtA PI was significantly lower in
pregnancies with female fetuses than in those with
male fetuses: 0.76 (0.41-2.00) vs. 0.83 (0.46-2.10),
respectively (p=0.043). The MCA PI was signifi-
cantly higher in pregnancies with female fetuses
than in those with male fetuses: 1.86 (0.81-3.56) vs.
1.70 (0.81-3.56), respectively (p=0.043). 

DISCUSSION

The primary finding of the present study was that
the first biometric measurements had a high sensi-
tivity (69.9%) for detecting the fetuses that were
NBW <10th centile. The remaining “false positives”
were at the border of the cut-off level; 70.8% of
cases were between the 10th and 20th centiles. From
another perspective, this simple finding empha-
sized the notion of FGR as a diagnosis of surveil-
lance and the power of a single evaluation was
limited both in diagnostic and prognostic accu-
racy.1-3

In the cohort, the median GAAD was 36w4d
(25w3d-42w0d). In our current national pregnancy
care model, suspicion on the fetal growth appeared
to emerge at around the 36th week. The fetal
growth velocity is non-monotonic and asynchro-

nous with different acceleration periods for each
biometric measurement.15,16 The AC has been re-
ported to have two acceleration periods: first at 16th

week followed by in early third trimester (27-31
weeks).15 The velocity of long bones (including FL)
continue to slow and EFW velocity continues to
accelerate peaking at 35 weeks of gestation.15 These
growth rhythms explain the fact that small fetuses
start to reveal themselves at 35 to 36th weeks of ges-
tation. 

The AC measurement seemed to reflect an all-
or-none phenomenon. Of all the SGA fetuses,
80.9% were diagnosed with an AC <3rd centile. This
finding suggested that when the growth restriction
reached a sonographically detectable level, the AC
was already confined to its lower limits. Decreased
liver size, reduced glycogen storage, and depleted
adipose tissue in the abdominal region are the
causes of the lower AC measurements in FGR cases
and if the AC is within the normal range, the pres-
ence of FGR is unlikely.5,17 When the biometric
measurements were evaluated in isolation, AC was
the most sensitive (81.9%) parameter for detecting
FGR (Table 3); this finding was in accordance with
the related literature.18,19

The number and frequency of cases with at
least one Doppler abnormality were significantly
higher in true-positive cases than in false-positive
cases (Table 1). This finding indicated three im-
portant facts about fetal growth abnormalities.
First, the true SGA/FGR cases presented more fre-
quently with a Doppler abnormality and this
characteristic could be used to schedule the sur-
veillance.7,12 Second, the fetal growth abnormali-
ties are a spectrum and a continuum rather than
an all-or-none phenomenon. A significant num-
ber of false-positive cases in the present study
were also “growth restricted” that “could not
reach their biologic/genetic growth potential.”
Despite demonstrating some biometric and circu-
latory Doppler findings of being restricted, they
did not fall below a cut-off (10th centile). More-
over, this category presents a great challenge for
Obstetrics and Perinatology because we have
started to investigate the fetal growth velocity and
subtle Doppler signs of impaired placental func-
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tion rather than waiting for a fall below a rigid
cut-off to deal with a fetus as growth re-
stricted.20,21 Third, as not all SGA/FGR cases pre-
sented with a Doppler abnormality at the time of
diagnosis. Doppler findings could not be used to
exclude a growth restriction or a relative placen-
tal insufficiency. 

The PORTO study paved the way for and the
Delphi procedure formalized the concept of using
the Doppler indices as diagnostic criteria for
FGR.8,13 If the biometric measurements were se-
verely restricted (EFW >3rd centile and/or AC >3rd

centile), they were accepted as sufficient findings;
however, if the biometric measurements were not
at this level, an additional Doppler index from one
of the three arterial fields was required for the di-
agnosis of FGR.3,8,13 In the present study, the addi-
tion of each arterial Doppler index increased the
specificity and the PPV while reducing the sensi-
tivity (Table 3). Doppler findings at the first diag-
nostic examination should be used to schedule the
following visit. In the absence of a Doppler abnor-
mality, the second ultrasound examination was
planned 2 weeks later in the 24 to 37th week as ad-
vised in the related literature.3,12,14

Currently, CPR is one of the most debated re-
search subjects of fetal growth surveillance.22,23 In
the present study, CPR was a strong factor for im-
proving the specificities of the biometric measure-
ments (Table 3) and a powerful predictor of the
follow-up time in FGR/SGA cases and NICU ad-
missions (Table 4). 

Adding the CPR <5th centile finding to the
EFW <3rd centile measurement increased the sen-
sitivity and PPV to a 100% level (Table 3). This fact
is the main rationale for the current FGR follow-
up models.3,5,21,23,24 As biometric measurements are
geometrical parameters, they could reflect only the
volumetric structure of the fetus and could not dis-
criminate between constitutional smallness- and
placental insufficiency-related pathologic growth.
As a combination Doppler index, CPR demon-
strates the hemodynamic status of the fetus better
than the UA PI or MCA PI alone and therefore has
the potential to reveal the compensatory changes
and enable the selection and close surveillance of
fetuses with the actual risk of perinatal hypoxia
even if the EFW >10th centile.23-26

The CPR <5th centile was associated with an
increased risk of delivery indication during the first
seven days (H: 0.17, 95% CI: 0.06-0.45; p<0.0001).
In late-onset SGA/FGR fetuses a CPR <5th centile
was associated with an increased risk of NICU ad-
mission (OR: 6.42; 95% CI: 2.24-18.40; p=0.001). 

The main problems associated with the clini-
cal use of CPR are the reference ranges and the cut-
off points to describe a positive finding.5 Several
definitions of abnormal CPR have been reported:
ratio <1.00, ratio <1.08, <5th centile for GA, and
even multiple of median (MoM) <0.67.5,23 Consid-
ering the reference range of Ebbing et al. or Baschat
et al., it was associated with a significantly different
number of cases that were classified as positive or
negative: 21.2% vs. 11.1% (p=0.005; Table 4).11,26

Late-onset SGA cases Late-onset SGA cases

n:208 n:208

Reference range from Ebbing et al. Reference ranges from Baschat et al. 

CPR <5th centile CPR ≥5th centile CPR <5th centile CPR ≥5th centile

Outcomes n:44 (21.2%) n: 164 (68.8%) p n:23 (11.1%) n:185 (88.9%) p

Follow up time in days median (range) 10 (0-33) 16 (0-53) 0.011 8 (0-30) 15 (0-53) 0.010

Cesarean delivery for fetal distress n (%) 24/44 32/164 <0.0001 16/23 40/185 <0.0001

Cesarean delivery for other obstetric indications 8/44 26/164 0.984 2/23 36/185 0.207

Uncomplicated vaginal delivery n (%) 12/44 106/164 <0.0001 5/23 113/185 0.0003

NICU admission n (%) 16/44 11/164 <0.0001 13/23 14/185 <0.0001

TABLE 4: Clinical outcomes in two late-onset FGR sets according to their cerebroplacental ratio defined by 
two different reference range studies.

SGA: Small for gestational age; NICU: Neonatal intensive care unit; CPR: Cerebroplacental ratio.
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Moreover, this fact was reported by Oros et al. and
should be considered both in research designs and
clinical practices.22

In our study, one case with abnormal CPR and
NBW ≥10th centile required admission to NICU
(Table 1). As it was associated with adverse perina-
tal outcomes, three national guidelines recommend
delivery at 37 weeks when abnormal CPR/MCA
findings were detected in cases with late-onset
SGA.20 With the growing literature on subopti-
mally grown fetuses (10th-50th centiles) and the
high frequency of Doppler abnormalities in this
group (Table 1), this recommendation started an
interesting discussion on whether suboptimally
grown fetuses should also be screened for
MCA/CPR abnormalities.21,25

FGR is the most common cause of intrapartum
asphyxia and is one of the most prominent clinical
concerns whether the small fetus would develop
distress during labor.5,21 The frequency of fetal dis-
tress increased in cases with ≤36 h of follow-up
than in cases with >36 h of follow-up (28.0% vs.
11.4%; p<0.0001). It was clear evidence for the sen-
sitivity of Doppler evaluation for detecting im-
paired fetoplacental perfusion and distress-prone
fetuses. Both sonographic findings (oligohydram-
nios and/or EFW <3rd centile) and the Doppler
findings (increased UA PI or the decreased CPR)
guided the clinician to take a decision on whether
to induce labor (Table 2), resulting in ≤36 h follow-
up time in 35.9% cases of ≥37 weeks’ gestation.

Female and male fetuses react differently to
placental insufficiency.27,28 The present study re-
ports strong evidence of more successful cerebral
redistribution in male fetuses. Although the corpo-
real (the AC and FL) %DV was not different be-
tween the two genders, those of the cranial size
parameters (%DV BPD and HC) and the MCA PI
were significantly higher in female fetuses. These
findings are in accordance with those reported by
Prior et al. who found reduced MCA indices in

male fetuses and suggested that male fetuses uti-
lized “centralization” more prominently than fe-
male fetuses.28

Two main limitations of this research were the
retrospective design and the single operator
methodology. In biometry and Doppler, the AC
and the MCA, respectively, are very delicate meas-
urements. For this reason, intra- and inter-observer
variabilities should be studied and the data should
be corrected for these factors. A prospective design
would enable the elimination of such confounding
factors, thereby drawing stronger conclusions on
this issue.

CONCLUSION 

The present study demonstrated that in FGR-sus-
pected pregnancies, a single biometric measure-
ment had a high sensitivity for detecting cases with
NBW <10th centile. However, FGR is a diagnosis of
surveillance; a suspect of FGR should be closely fol-
lowed up in the light of the first Doppler findings
obtained from three arterial fields. In FGR cases,
the CPR <5th centile finding could be useful in pre-
dicting fetal distress and NICU admission. 
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