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The fetal cerebral Doppler in the last weeks of pregnancy can select  
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ABSTRACT
Objective:  To evaluate whether, in late pregnancy, the cerebral Doppler can identify very small 
fetuses that are less likely to experience intrapartum compromise (IC).
Material and methods:  This was a retrospective study of 282 singleton pregnancies that 
underwent an ultrasound scan at 32 + 0- 40 + 6 weeks and were delivered after induction, or 
spontaneous onset of labor. Very small fetuses were defined as fetuses with estimated weight less 
than the 3rd centile. IC was diagnosed in case of abnormal intrapartum fetal heart rate or 
intrapartum fetal scalp pH < 7.20, requiring urgent cesarean section, neonatal pH below 7.10 and 
Apgar score at 5 min <7. The ability of the cerebral Doppler, middle cerebral artery pulsatility 
index, and cerebroplacental ratio, expressed in multiples of the median (MCA PI MoM and CPR 
MoM), to rule out the risk of IC was evaluated alone and combined with other sonographic and 
clinical parameters by means of logistic regression and ROC curve analyses.
Results:  The only significant parameters determining IC were parity, MCA PI, and CPR MoM. [AUC 
0.62 (95% CI 0.54–0.71, p = 0.012), 0.62 (95% CI 0.53–0.71, p = 0.008), 0.60 (95% CI 0.51–0.69, 
p = 0.020), respectively], while the best prediction was obtained combining parity with MCA PI or 
CPR [AUC 0.68 (95% CI 0.60–0.76), 0.67 (95% CI 0.60–0.75), p < 0.0001 for both]. Moreover, 90% of 
IC cases had MCA PI and CPR values below 1.1 MoM, while 100% had MCA and CPR values below 
1.5 and 1.3 MoM. Finally, the negative predictive value was 82% for any combination of parameters 
that included either the MCA MoM or CPR MoM.
Conclusion:  The cerebral Doppler can select a group of very small fetuses that are less likely to 
experience IC. These fetuses might be to some extent constitutionally small and might be 
candidates for a more conservative and individualized management.

Introduction

Late-onset fetal growth restriction (FGR) is diagnosed 
after 32 weeks’ gestation according to the Delphi crite-
ria in the presence of at least two of the following 
parameters: estimated fetal weight and abdominal cir-
cumference (EFW/AC) below the 10th centile, EFW/AC 
crossing >2 quartiles on growth centiles, cerebroplacen-
tal ratio (CPR) <5th centile, or umbilical artery pulsatility 
index (UA PI) >95th centile. Alternatively, it is diagnosed 
in very small fetuses, when the estimated fetal weight 
(EFW) or abdominal circumference (AC) are below the 
3rd centile [1]. The latter scenario might be considered 
controversial, as the absence of hemodynamic anoma-
lies, expected in fetuses with such poor growth might 

indicate that, at least, to some extent, some of them 
could present a very low growth potential [2] growing 
along the far extreme of normality.

The scale of the problem is not trivial, as all preg-
nancies diagnosed with late-onset FGR have been pro-
posed to be delivered after 37 weeks [3], a procedure 
that aims to improve the perinatal outcome but might 
be deleterious in terms of iatrogenenic early birth in 
fetuses that otherwise could potentially benefit from a 
more conservative approach. Moreover, some parents 
are reluctant to accept early induction of labor and 
would prefer to await the spontaneous onset of labor.

The measurement of the Doppler pulsatility index 
(PI), especially in the middle cerebral artery (MCA), but 
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also in the vertebral, anterior cerebral, and posterior 
cerebral arteries [4–9], has proven to be a potentially 
useful tool to identify cerebral redistribution secondary 
to placental insufficiency. Furthermore, the ratios of 
the middle cerebral and vertebral arteries to the 
umbilical artery - cerebroplacental (CPR) and vertebro-
placental ratios (VPR) - have emerged as a marker of 
fetal compromise, regardless of fetal size [10]. Therefore, 
the aim of this study was to evaluate whether the 
cerebral Doppler (MCA PI and CPR) could identify 
those fetuses with EFW below the 3rd centile that are 
unlikely to experience intrapartum compromise (IC), as 
these fetuses might be candidates for a more conser-
vative and individualized approach.

Materials and methods

This was a retrospective study of 282 singleton preg-
nancies attending the high-risk ultrasound unit of La 
Fe Hospital for late-onset FGR, preeclampsia, or fetal 
smallness. Ultrasound assessment was performed 
between 32+0 and 40+6 weeks and included EFW 
(according to Hadlock 4 formula) and Doppler evalua-
tion of the umbilical (UA), MCA PI, and CPR. All studied 
cases presented an EFW <3rd centile. However, to avoid 
false positive cases, only cases with an EFW < 3rd cen-
tile and a birthweight (BW) below the 3rd centile were 
included.

The UA and MCA were recorded using color and 
pulse Doppler according to standard protocols [11–12]. 
and the CPR was calculated as the simple ratio 
between the MCA PI and the UA PI [11,13]. Ultrasound 
assessment was performed using General Electric 
Voluson® (E8/E6/S8/730) ultrasound machines with 
2–8 MHz convex probes, during fetal quiescence, in the 
absence of fetal tachycardia, and keeping the insona-
tion angle with the examined vessels as small as pos-
sible. Only one examination per fetus (the last) was 
included.

Gestational age (GA) was determined according to 
the crown-rump length in the first trimester. To adjust 
for the effect of GA on fetal measurements and perform 
comparisons, EFW and birth weight (BW) were con-
verted into centiles, adjusting for GA and for fetal gen-
der using the same centile Excel calculator [14], 
according to the centile references of the Hospital Clinic 
of Barcelona. Finally, for the same purpose, MCA PI, UA 
PI, and CPR values were converted into multiples of the 
median (MoM) by dividing each value by the 50th cen-
tile (median) at each GA, as earlier described [15]. 
Multiple pregnancies and those complicated by major 
fetal abnormalities or aneuploidies were excluded. Only 
fetuses undergoing induction or spontaneous onset of 

labor were included in the study (N = 282) as we were 
only interested in fetuses undergoing the stress of labor 
contractions. These fetuses were managed according to 
the progression in labor as per the local protocol [17], 
although the managing physicians were not blinded to 
the Doppler examination.

Outcome data, including birthweight, mode of 
delivery, Apgar score, and cord arterial pH, were col-
lected after birth. IC was defined in cases of abnormal 
intrapartum fetal heart rate [18], or intrapartum fetal 
scalp pH [19], requiring an urgent cesarean section, or 
when the postnatal umbilical artery pH was <7.10. We 
also considered Apgar score <7 as a sign of IC. 
However, IC was not considered in cases of urgent 
instrumental delivery, provided there was a normal 
5-min Apgar score and neonatal pH. Other data vari-
ables included maternal age, pre-pregnancy weight, 
height, body mass index, parity, and number of gesta-
tions, plus GA at examination and delivery (in weeks), 
interval between ultrasound assessment and birth, 
EFW, EFW centile, BW, BW centile, UA PI MoM, MCA PI 
MoM, CPR MoM, fetal gender, type of labor onset 
(induction and spontaneous), mode of delivery 
(assisted or spontaneous vaginal delivery and cesarean 
section due to failure to progress or IC), Apgar scores 
at 5 min, and neonatal cord arterial pH and baby des-
tiny (maternal and neonatal wards or neonatal inten-
sive care unit, NICU).

Statistical analysis

Continuous variables were presented as median and 
interquartile range (IQR), while categorical variables 
were presented as numbers and percentages.

Univariable logistic regression was used to identify 
the best predictors of IC using odds ratios (ORs) and 
ROC analysis, with the area under the curve (AUC).

The statistically significant parameters were then 
used in a multivariable logistic regression analysis to 
create prediction models that were compared accord-
ing to their AUC and AIC (Akaike information criteria).

The best determinants of IC were afterwards ana-
lyzed, calculating the detection rate, (DR) for the differ-
ent cutoffs. Knowing that the DR = 1-false negative 
rate (1-FNR) and that the FNR represents the possibil-
ity of presenting IC, we constructed graphs and tables 
showing the possibility of presenting IC along the dif-
ferent cutoffs.

Finally, as the drop in AC/EFW centiles was a key 
component of the Delphi criteria for defining late-onset 
FGR, we thought, it might be valuable to examine the 
drop in EFW between the 20 weeks scan and the 3rd 
trimester scan as an additional indicator of functional 
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reserve. Unfortunately, we did not collect these data 
for all cases, so we performed this analysis in a sub-
group of fetuses considering that if results were signif-
icant this would apply in a larger population. 
Unfortunately, we could not find accurate calculators 
that obtained at unison the 20 weeks and the third tri-
mester centiles in fetuses below the 3rd centile so we 
decided instead to calculate for each EFW the multi-
ples of the median (MoM) according to references ear-
lier published by the Fetal Medicine Foundation [20] 
and compare the fall in MoM between vary small 
fetuses with normal outcome and very small fetuses 
with IC.

Comparisons of the continuous data variables were 
made using the Mann-Whitney, while the Chi Square 
test was used for comparing binary or categorical data 
variables. Statistics and graphs were performed with 
StatPlus® for Mac, version 7, and GraphPad Prism® for 
Mac, version 5. Significance was established at P val-
ues <0.05.

IRB permission was obtained for the study (Instituto 
de Investigación Sanatoria La Fe, reference 2014/0063). 
Patient consent was not required as this study was 
based on publicly available data. The authors report 
no conflicts of interest.

Results

Figure 1 shows how the fetuses were selected accord-
ing to the mode of delivery. Despite the managing 
physician usually considered elective cesarean or labor 
induction, in a proportion of cases, labor started spon-
taneously, either because management was initially 
conservative, because labor started spontaneously 
before delivery was scheduled or because the patient 
rejected induction in favor of a low-intervention birth. 

Of the 350 cases with BW <3rd centile, 68 were fin-
ished with elective cesarean sections, while 282 under-
went induction (N = 203) or spontaneous onset of labor 
(N = 79). Only the last cases (induction or spontaneous 
onset of labor) were included in the study.

The study population is described in Table 1. In 
summary, most fetuses were male (52.5%) and were 
delivered after induction (72%). Spontaneous vaginal 
delivery occurred in 50% of cases, 14.2% of fetuses 
had an abnormal intrapartum fetal heart rate or scalp 
pH below 7.20, requiring an emergency cesarean sec-
tion, and 3.9% and 1.4% presented cord blood arterial 
pH values below 7.10 and a 5-min Apgar score below 
7, respectively. When pregnancies presenting IC and 
normal pregnancies were compared, the former were 
more frequently nulliparous, presented a lower parity, 
had lower MCA PI MoM and CPR MoM values, and 
were more frequently admitted to the neonatal ward.

Table 2 and Figure 2 show the logistic regression 
analysis and ROC curves for the prediction of IC. Only 
parity, MCA PI, and CPR MoM were significant determi-
nants [AUC 0.62 (95% CI 0.54–0.71, p = 0.012), 0.62 
(95% CI 0.53–0.71, p = 0.008), and 0.60 (95% CI 0.51–
0.69, p = 0.020), respectively], while the best prediction 
was obtained combining parity with MCA PI or CPR 
[AUC 0.68 (95% CI 0.60–0.76), 0.67 (95% CI 0.60–0.75), 
p < 0.0001 for both].

Figure 3 shows the possibility of IC, according to 
the CPR MoM and MCA PI MoM values. For CPR values 
beyond 1 MoM, 1.1 MoM, and 1.3 MoM, the possibility 
of IC was respectively 20%, 10%, and 0%. For MCA PI 
values beyond 1 MoM, 1.1 MoM, and 1.5 MoM, the 
possibility of IC was respectively 25%, 10%, and 0%. In 
addition, according to the logistic regression analysis, 
the negative predictive value was 82% using any com-
bination of parameters that included either the MCA 
MoM or CPR MoM.

Finally, Tables 3 and 4 show the MCA PI and CPR 
references at 32–42 weeks, corresponding to the differ-
ent thresholds for intrapartum compromise (IC) 
depicted in Figure 3. The medians or 50th centiles were 
characterized by the following equations:
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Where GA was the gestational age expressed in 
weeks with decimals.

This meant that considering absolute values, the 
possibility of IC at 39 weeks for fetuses with CPR values Figure 1. flow diagram describing the selection of the study 

population.
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Table 1. descriptive analysis of the study population (N = 282).
all pregnancies  

(N = 282)
no intrapartum compromise 

(N = 232)
intrapartum compromise 

(N = 50) 2 vs 3*
Mean (Sd); Median (1st, 3rd 

quartile)
Mean (Sd); Median (1st, 3rd 

quartile)
Mean (Sd); Median (1st, 3rd 

quartile) P-value

Maternal age in years 31.9 (5.5); 32 (28, 36) 31.8 (5.5); 32 (28,36) 32 (6); 32 (28.7, 36) 0.785
Maternal pre-pregnancy weight (kgs) 59.8 (11.8); 59 (51.7, 67) 59.4 (11.8); 58 (51, 67) 62.2 (11.5); 63 (55, 69) 0.196
Maternal height (cm) 161.6 (6.5); 162 (158, 166) 161.5 (6.4); 162 (158,165.3) 162.3 (7.2);162 (158, 168) 0.652
Maternal Body Mass index, Kg/m2 22.7 (4.4); 22 (19.5, 25) 22.6 (4.4); 22 (19,25) 23.65 (4.8); 23 (21, 27) 0.249
Gestational age at examination (weeks) 37.9 (2.02); 38.3 (37, 39.4) 37.9 (2); 38.14 (37,39.4) 37.8 (2.2); 38.6 (36.7, 39.6) 0.905
Gestational age at delivery (weeks) 39 (1.68); 39.4 (37.8, 40.3) 39.1 (1.6); 39.4 (37.9,40.3) 38.8 (2); 39.4 (37.6, 40.3) 0.627
estimated fetal weight in grams 2361 (481); 2412 (2075, 

2667)
2370 (483); 2405 (2087, 2670) 2318 (473); 2461 (1973, 

2665)
0.874

estimated fetal weight centile 6.4 (12.5); 2 (0, 7) 6.8 (13.3); 2 (0,7) 4.7 (7.7); 2 (0, 6) 0.847
ua Pi MoM 1.28 (0.28); 1.25 (1.06, 1.46) 1.27 (0.26); 1.26 (1.05,1.46) 1.33 (0.32); 1.2 (1.1, 1.5) 0.300
Mca Pi MoM 0.90 (0.22); 0.87 (0.74, 1.06) 0.92 (0.21); 0.89 (0.76, 1.07) 0.84 (0.23); 0.80 (0.68, 0.98) 0.008
cPr MoM 0.82 (0.28); 0.78 (0.61, 0.99) 0.84 (0.28);0.81 (0.63, 0.99) 0.73 (0.27); 0.70 (0.53, 0.95) 0.020
interval examination-delivery (days) 8.1 (8.6); 6 (2, 11) 8.2 (8.8); 6 (2,11) 7.3 (7.9); 5 (2, 8.2) 0.395
Birth weight in grams 2340 (315); 2410 (2134, 

2580)
2348 (313); 2405 (2140, 2598) 2305 (327); 2438 (2015, 

2563)
0.467

Birth weight centile 1 (0.79); 1 (0, 2) 1 (0.81); 1 (0,2) 0.9 (0.72); 2 (0, 1) 0.792

n (%) n (%) n (%)

nulliparity 143 (50.7) 130 (56) 40 (80) 0.001
Preterm birth (<37 weeks) 28 (9.9) 21 (9) 7 (14) 0.299
Male sex 148 (52.5) 120 (51.7) 28 (56) 0.641
Type of labor onset
 induction of labor 203 (72) 162 (69.8) 41 (82) 0.086
 Spontaneous onset of labor 79 (28) 70 (30.2) 9 (18) 0.086
apgar <7 at 5 min 4 (1.4) 0 (0) 4 (8) <0.001
arterial ph <7.10 11 (3.9) 0 (0) 11 (22) <0.0001
Mode of birth
 cesarean section (failure to progress) 35 (12.4) 34 (14.6) 1 (2) 0.009
 cesarean section (abnormal cTG) 40 (14.2) 0 (0) 40 (80) <0.0001
 assisted vaginal delivery 67 (23.7) 63 (27) 4 (8) 0.003
 Spontaneous vaginal delivery 140 (49.6) 135 (58.2) 5 (10) <0.0001
neonatal transfer
 Maternal ward 218 (77.3) 187 (80.6) 31 (62) 0.008
 neonatal ward 63 (22.3) 45 (19.4) 18 (36) 0.015
 neonatal intensive care unit (nicu) 0 (0) 0 (0) 0 (0) 1
 nicu + subsequent postnatal death 1 (0.35) 0 (0) 1 (2) 0.177

*Mann-Whitney u test.
ua Pi MoM, umbilical artery pulsatility index multiples of the median; Mca Pi, middle cerebral artery pulsatility index multiples of the median; cPr, 
cerebroplacental ratio; cTG, cardiotocogram (fetal monitoring); Sd, standard deviation.

Table 2. logistic regression analysis for the prediction of intrapartum compromise 
in fetuses with birth weight <3rd centile.

or (95% ci) P-Value auc (95% ci) P-Value

univariable analysis
Mca Pi MoM 0,17 (0.04, 0.78) 0.023 0.62 (0.53, 0.71) 0.008
ua Pi MoM 2.41 (0.81, 7.12) 0.112 0.55 (0.46, 0.64) 0.299
cPr MoM 0.23 (0.07, 0.78) 0.019 0.60 (0.51, 0.69) 0.020
efW centile 0.98 (0.95, 1.02) 0.295 0.51 (0.42, 0.59) 0.900
Maternal age 1.00 (0.95, 1.06) 0.858 0.51 (0.42, 0.60) 0.784
Maternal pre-pregnancy weight 1.02 (0,98, 1.06) 0.297 0.58 (0.46, 0.71) 0.194
Maternal height 1.02 (0.95, 1.09) 0.593 0.53 (0.39, 0.67) 0.649
Parity 0.44 (0.23, 0.83) 0.005 0.62 (0.54, 0.71) 0.012
fetal sex 1.19 (0.64, 2.20) 0.583 0.52 (0.43, 0.61) 0.635
Ga at examination 0.97 (0.84, 1.13) 0.734 0.50 (0.41, 0.59) 0.904
Multivariable analysis
cPr MoM + Parity
cPr MoM 0.25 (0.07, 0.85) 0.027 0.67 (0.60, 0.75) <0.0001
Parity 0.43 (0.23, 0.78) 0.006
Model: −0.11138 − 0.84975 * Parity −1.40161*cPr MoM, aic 253.9
Mca Pi MoM + Parity
Mca Pi MoM 0.18 (0.04, 0.89) 0.035 0.68 (0.60, 0.76) <0.0001
Parity 0.43 (0.23, 0.79) 0.006
Model: 0.26838 − 0.84755 * Parity −1.68402*Mca MoM, aic 254.4

Mca, Middle cerebral artery; ua, umbilical artery; cPr, cerebroplacental ratio; MoM, multiples of 
the median; aic, akaike information criteria.
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over 2.13, 1.80, and 1.64 would be respectively 0%, 
10%, and 25%, while the possibility of IC at 39 weeks 
for fetuses with MCA PI values over 2.22, 1.63, and 
1.48 would be respectively 0%, 10%, and 25%.

Finally, Figure 4 compares the fall in EFW (expressed 
in MoM) between very small fetuses with normal out-
come and very small fetuses with IC. Although due to 
the low number of normal and IC cases (N = 53 and 
N = 8), the results were not significant, very small 
fetuses with IC presented a higher reduction of EFW 

between the second and third trimester, supporting 
the existence of a poorer functional reserve in line 
with the Delphi definition of late-onset FGR.

Discussion

Summary of key findings

Among very small fetuses at the end of pregnancy, 
cerebral Doppler can select those that are less likely 

Figure 2. roc curves showing the accuracy of the Mca Pi MoM, cPr MoM, Mca Pi MoM plus parity, and cPr MoM plus parity 
for the prediction of intrapartum compromise in fetuses with birthweight below the 3rd centile.



6 J. MORALES-ROSELLÓ ET AL.

to present IC. These fetuses, especially in 
non-nulliparous mothers, might be suitable for a 
more conservative approach. Considering only the 
cerebral Doppler, for MCA PI values beyond 1 MoM, 

1.1 MoM, and 1.5 MoM, the possibility of IC would be 
only 25%, 10%, and 0%, while for CPR values beyond 
1 MoM, 1.1 MoM, and 1.3 MoM, this possibility would 
be 20%, 10%, and 0%.

Figure 3. Possibility of intrapartum compromise according to the values of the Mca Pi MoM, and cPr MoM. for cPr values 
beyond 1 MoM, 1.1 MoM, and 1.3 MoM, the possibility of intrapartum compromise was respectively 20%, 10%, and 0%. for Mca 
Pi values beyond 1 MoM, 1.1 MoM, and 1.5 MoM, the possibility of an intrapartum compromise was respectively 25%, 10%, and 
0%. according to the logistic regression analysis, the negative predictive value was 82% using any combination of parameters that 
included either the Mca MoM or cPr MoM.

Table 3. Middle cerebral artery (Mca) pulsatility index (Pi) ref-
erences at 32–42 weeks corresponding to the different MoM 
values shown in figure 3.

Gestational week

1 MoM 
Possibility of ic 

25%

1.1 MoM 
Possibility of ic 

10%

1.5 MoM 
Possibility of ic 

0%

32 2.04 2.24 3.06
33 2.00 2.20 3.00
34 1.95 2.14 2.92
35 1.88 2.07 2.82
36 1.80 1.98 2.70
37 1.71 1.88 2.56
38 1.60 1.76 2.40
39 1.48 1.63 2.22
40 1.35 1.48 2.02
41 1.21 1.33 1.81
42 1.05 1.15 1.57

Median (1 MoM) = −3.266164164 + 0.368135209 * Ga – 0.006318278 * 
Ga2.
Where Ga was gestational age in weeks plus decimals.
The possibility of intrapartum compromise (ic) for fetuses with Mca Pi 
values beyond 1, 1.1, and 1.5 MoM was respectively 25%, 10%, and 0%.
according to the table, the possibility of ic at 39 weeks for fetuses with 
Mca Pi values over 1.48, 1.63, and 2.22, would be respectively 25%, 10%, 
and 0%.

Table 4. cerebroplacental ratio (cPr) references at 32–42 weeks 
corresponding to the different MoM values shown in figure 3.

Gestational week

1 MoM 
Possibility of ic 

20%

1.1 MoM 
Possibility of ic 

10%

1.3 MoM 
Possibility of ic 

0%

32 1.82 2.00 2.37
33 1.82 2.00 2.37
34 1.81 1.99 2.35
35 1.79 1.97 2.33
36 1.77 1.95 2.30
37 1.73 1.90 2.25
38 1.69 1.86 2.20
39 1.64 1.80 2.13
40 1.58 1.74 2.05
41 1.51 1.66 1.96
42 1.44 1.58 1.87

Median (1 MoM) = – 2.799017859 + 0.28314081 * Ga – 0.004341202 * 
Ga2.
Where Ga was gestational age in weeks plus decimals.
The possibility of intrapartum compromise (ic) for fetuses with cPr values 
beyond 1, 1.1, and 1.3 MoM was respectively 20%, 10%, and 0%.
according to this table, the possibility of ic at 39 weeks for fetuses with 
cPr values over 1.64, 1.80, and 2.13 would be respectively 20%, 10%,  
and 0%.
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Interpretation of study findings and comparison 
with published literature

Current consensus accepts that some of the fetuses 
below the 10th centile (those with normal Doppler) are 
genetically small. However, a different yardstick is 
applied in the case of fetuses below the 3rd centile, in 
whom extreme smallness is considered sufficient for 
the diagnosis of fetal growth restriction [21]. Our work 
proves that in this group of fetuses, those with a 
higher cerebral impedance are less likely to present IC, 
and therefore, similarly to the fetuses below the 10th 
centile, might be genetically small.

Our results are in line with earlier reports suggest-
ing that EFW centiles are poor predictors of adverse 
outcomes in fetuses growing below the 3rd centile 
[22] and with publications suggesting a similar poor 
inaccuracy for the UA PI, which does not correlate 
with the existence of pathological lesions causing 
suboptimal placental function [23,24]. Moreover, they 
support the growing literature in favor of cerebral 
flow as a method to select compromised fetuses 
independently of fetal weight [15,16]. In this regard, 
the reduction of the cerebral flow impedance would 
reflect the imbalance between fetal demands and 
suboptimal placental supply, which in fetuses less 
likely to develop IC and more prone to low genetic 
potential would remain unchanged despite the appar-
ent notorious smallness.

Research and clinical implications

If cerebral Doppler can select fetuses below the 3rd 
centile that are less likely to present IC, this would 
suggest that even among the very small fetuses [5], 
not all present the same functional reserve. Genetic 
smallness would behave as a continuum, decreasing 
its proportion as we approach the lowest limits of the 
population chart. In this regard, fetuses that are less 
likely to develop IC would have a higher probability of 
being genetically small and, especially in non-nulliparous 
women, might be managed with a more conservative 
approach.

Finally, these findings are in line with the existence 
of a higher fall in the median EFW observed in fetuses 
with IC, which is in line with the Delphi definition of 
FGR and the rationale of a poorer functional reserve in 
this subgroup of small fetuses.

The strengths of the study are its novelty, as this is 
the first study to evaluate with cerebral Doppler (MCA 
PI and CPR), the existence of genetic smallness in 
fetuses growing below the 3rd centile, and the accu-
rate statistical methodology using logistic regression 
analysis combined with ROC curves. Conversely, limita-
tions include the retrospective nature of the study, the 
absence of other parameters such as the uterine 
Doppler or the growth velocity, and the possibility of 
intervention bias as the managing physicians were not 
blinded to the Doppler examination results.

In conclusion, the MCA PI MoM and CPR MoM can 
select very small fetuses that are less likely to present 
IC. A number of these fetuses might be to some extent 
genetically small, representing the extreme of constitu-
tional smallness, and might be, especially in multipa-
rous women, candidates for a more conservative 
approach. More studies are needed to corroborate this 
hypothesis.

Ethical approval

IRB permission was obtained for the study (Instituto de 
Investigación Sanatoria La Fe, reference 2014/0063).

Author contributions

José Morales-Roselló contributed with the conceptualization, 
data curation, analysis, writing of the original draft, supervision, 
and review. Alicia Martínez-Varea, Blanca Novillo-Del Álamo, 
and Asma Khalil contributed with its supervision, and review.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Figure 4. fall in efW expressed in multiples of the median 
(MoM) between very small fetuses with normal outcome and 
very small fetuses with ic.



8 J. MORALES-ROSELLÓ ET AL.

Funding

No funds were needed for this study. 

ORCID

José Morales-Roselló  http://orcid.org/0000-0002-8783-6710
Alicia Martínez-Varea  http://orcid.org/0000-0002-7600-4281

Data availability statement

Data is available on request from the author.

References

 [1] Lees CC, Stampalija T, Baschat A, et  al. ISUOG practice 
guidelines: diagnosis and management of small-for- 
gestational-age fetus and fetal growth restriction. 
Ultrasound Obstet Gynecol. 2020;56(2):298–312. doi:10. 
1002/uog.22134.

 [2] Dunger DB, Petry CJ, Ong KK. Genetic variations and nor-
mal fetal growth. Horm Res. 2006;65(Suppl 3):34–40. 
Epub 2006 Apr 10. PMID: 16612112 doi:10.1159/000091504.

 [3] Martins JG, Biggio JR, Abuhamad A. Society for 
Maternal-Fetal Medicine Consult Series #52: diagnosis 
and management of fetal growth restriction: (Replaces 
Clinical Guideline Number 3, April 2012). Am J Obstet 
Gynecol. 2020;223: b 2–B17.

 [4] Morales-Roselló J, Khalil A, Morlando M, et  al. Changes 
in fetal Doppler indices as a marker of failure to reach 
growth potential at term. Ultrasound Obstet Gynecol. 
2014;43(3):303–310. doi:10.1002/uog.13319.

 [5] Morales-Roselló J, Khalil A. Fetal cerebral redistribution: 
a marker of compromise regardless of fetal size. 
Ultrasound Obstet Gynecol. 2015;46(4):385–388. doi:10. 
1002/uog.15664.

 [6] Morales-Roselló J, Khalil A, Morlando M, et  al. Poor neo-
natal acid-base status in term fetuses with low cerebro-
placental ratio. Ultrasound Obstet Gynecol. 
2015;45(2):156–161. doi:10.1002/uog.14647.

 [7] Khalil AA, Morales-Rosello J, Elsaddig M, et  al. The asso-
ciation between fetal Doppler and admission to neona-
tal unit at term. Am J Obstet Gynecol. 2015;213(1):57.
e1-7–57.e7. doi:10.1016/j.ajog.2014.10.013.

 [8] Morales-Roselló J, Loscalzo G, Gallego A, et  al. Which is 
the best ultrasound parameter for the prediction of ad-
verse perinatal outcome within 1 day of delivery? J 
Matern Fetal Neonatal Med. 2025;35(25):8571–8579. do
i:10.1080/14767058.2021.1989401.

 [9] Steller JG, Gumina D, Driver C, et  al. Patterns of brain 
sparing in a fetal growth restriction cohort. JCM. 
2022;11(15):4480. doi:10.3390/jcm11154480.

 [10] Morales-Roselló J, Khalil A, Fornés-Ferrer V, et  al. The 
vertebroplacental ratio as an alternative to the cerebro-
placental ratio in the evaluation of the fetus at the end 
of pregnancy. J Matern Fetal Neonatal Med. 2018;31(1): 
70–79. doi:10.1080/14767058.2016.1275551.

 [11] Morales-Roselló J, Khalil A, Morlando M, et  al. Doppler 
reference values of the fetal vertebral and middle cere-

bral arteries, at 19-41 weeks gestation. J Matern Fetal 
Neonatal Med. 2015;28(3):338–343. doi:10.3109/147670
58.2014.916680.

 [12] Acharya G, Wilsgaard T, Berntsen GK, et  al. Reference 
ranges for serial measurements of umbilical artery 
Doppler indices in the second half of pregnancy. Am J 
Obstet Gynecol. 2005;192(3):937–944. doi:10.1016/j.ajog. 
2004.09.019.

 [13] Baschat AA, Gembruch U. The cerebroplacental Doppler 
ratio revisited. Ultrasound Obstet Gynecol. 2003;21(2): 
124–127. doi:10.1002/uog.20.

 [14] Figueras F, Meler E, Iraola A, et  al. Customized birth-
weight standards for a Spanish population. Eur J Obstet 
Gynecol Reprod Biol. 2008;136(1):20–24. doi:10.1016/j.
ejogrb.2006.12.015.

 [15] Morales-Roselló J, Loscalzo G, Jakaitė V, et  al. The diag-
nostic ability of the cerebroplacental ratio for the predic-
tion of adverse perinatal outcome and intrapartum fetal 
compromise within one day of delivery. Gynecol Obstet 
Invest. 2021;86(4):343–352. doi:10.1159/000517260.

 [16] Morales-Roselló J, Cañada Martínez AJ, Scarinci E, et  al. 
Comparison of cerebroplacental ratio, intergrowth-21st 
standards, customized growth, and local population ref-
erences for the prediction of fetal compromise: which 
is the best approach? Fetal Diagn Ther. 2019;46(5):341–
352. doi:10.1159/000497142.

 [17] National Institute of Clinical Excellence. Intrapartum 
care: care of healthy women and their babies during 
labour. NICE Clinical Guideline No. 55. London: NICE; 
2007.

 [18] Ayres-de-Campos D, Spong CY, Chandraharan E, FIGO 
Intrapartum Fetal Monitoring Expert Consensus Panel. 
FIGO consensus guidelines on intrapartum fetal moni-
toring: cardiotocography. Int J Gynaecol Obstet. 2015; 
131(1):13–24. doi:10.1016/j.ijgo.2015.06.020.

 [19] Bretscher J, Saling E. pH values in the human fetus 
during labor. Am J Obstet Gynecol. 1967;97(7):906–911. 
doi:10.1016/0002-9378(67)90515-7.

 [20] Nicolaides KH, Wright D, Syngelaki A, et  al. Fetal 
Medicine Foundation fetal and neonatal population 
weight charts. Ultrasound Obstet Gynecol. 2018;52(1):44–
51. doi:10.1002/uog.19073.

 [21] Savchev S, Figueras F, Cruz-Martinez R, et  al. 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(3):299–303. doi:10.1002/uog.10150.

 [22] Meler E, Martinez-Portilla RJ, Caradeux J, et  al. Severe 
smallness as predictor of adverse perinatal outcome in 
suspected late small-for-gestational-age fetuses: sys-
tematic review and meta-analysis. Ultrasound Obstet 
Gynecol. 2022;60(3):328–337. doi:10.1002/uog.24977.

 [23] Parra-Saavedra M, Crovetto F, Triunfo S, et  al. Placental 
findings in late-onset SGA births without Doppler signs 
of placental insufficiency. Placenta. 2013;34(12):1136–
1141. doi:10.1016/j.placenta.2013.09.018.

 [24] Rizzo G, Mappa I, Bitsadze V, et  al. Role of Doppler ul-
trasound at time of diagnosis of late-onset fetal growth 
restriction in predicting adverse perinatal outcome: 
prospective cohort study. Ultrasound Obstet Gynecol. 
2020;55(6):793–798. doi:10.1002/uog.20406.

https://doi.org/10.1002/uog.22134
https://doi.org/10.1002/uog.22134
https://doi.org/10.1159/000091504
https://doi.org/10.1002/uog.13319
https://doi.org/10.1002/uog.15664
https://doi.org/10.1002/uog.15664
https://doi.org/10.1002/uog.14647
https://doi.org/10.1016/j.ajog.2014.10.013
https://doi.org/10.1080/14767058.2021.1989401
https://doi.org/10.3390/jcm11154480
https://doi.org/10.1080/14767058.2016.1275551
https://doi.org/10.3109/14767058.2014.916680
https://doi.org/10.3109/14767058.2014.916680
https://doi.org/10.1016/j.ajog.2004.09.019
https://doi.org/10.1016/j.ajog.2004.09.019
https://doi.org/10.1002/uog.20
https://doi.org/10.1016/j.ejogrb.2006.12.015
https://doi.org/10.1016/j.ejogrb.2006.12.015
https://doi.org/10.1159/000517260
https://doi.org/10.1159/000497142
https://doi.org/10.1016/j.ijgo.2015.06.020
https://doi.org/10.1016/0002-9378(67)90515-7
https://doi.org/10.1002/uog.19073
https://doi.org/10.1002/uog.10150
https://doi.org/10.1002/uog.24977
https://doi.org/10.1016/j.placenta.2013.09.018
https://doi.org/10.1002/uog.20406

	The fetal cerebral Doppler in the last weeks of pregnancy can select very small fetuses unlikely to present intrapartum compromise
	ABSTRACT
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Summary of key findings
	Interpretation of study findings and comparison with published literature
	Research and clinical implications

	Ethical approval
	Author contributions
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References


