
Relationship Between Adverse Neonatal Outcomes and 
Diastolic Deceleration Area on Fetal MCA Doppler in 
Patients with Late Fetal Growth Restriction

Objectives: This study aimed to assess the predictive value of the Diastolic Deceleration Area (DDA), a novel Doppler ultrasound 
parameter, in detecting adverse neonatal outcomes in fetuses with late-onset fetal growth restriction (FGR). While Doppler param-
eters such as cerebroplacental ratio (CPR), umbilicocerebral ratio (UCR), and cerebralplacentaluterine ratio (CPUR) are commonly 
used for fetal monitoring, their predictive power varies. Given the importance of cerebral blood flow redistribution in fetal adapta-
tion to hypoxia, we investigated whether DDA could serve as a reliable indicator of fetal distress and adverse perinatal outcomes.
Methods: This prospective case-control study was conducted between January 2024 and July 2024, including 90 pregnant wom-
en: 45 diagnosed with late-onset FGR and 45 gestational age-matched healthy controls. Doppler ultrasound measurements, in-
cluding umbilical artery, uterine artery, middle cerebral artery Doppler indices, CPR, UCR, CPUR, and DDA, were performed. The 
primary outcome was the prediction of adverse neonatal events, such as neonatal intensive care unit (NICU) admission, neonatal 
sepsis, respiratory distress, low APGAR scores, and low cord blood pH. Receiver Operating Characteristic (ROC) curve analysis was 
used to determine the predictive ability of the Doppler indices.
Results: DDA values were significantly higher in the FGR group compared to controls (p<0.001). At a cut-off value of >7.23, DDA 
demonstrated 50% sensitivity and 88% specificity, making it the most specific Doppler parameter for predicting adverse neonatal 
outcomes. In comparison, CPR (cut-off ≤2.11), UCR (cut-off >0.46) and CPUR (cut-off ≤1.36) had higher sensitivity (96%, 96%, 54%) 
but lower specificity (32%, 31% and 85% respectively).
Conclusion: DDA is a promising Doppler parameter for identifying fetuses at risk in late-onset FGR. Its high specificity suggests 
it could be a valuable supplementary tool alongside traditional Doppler indices for better risk assessment and clinical decision-
making. Further studies are needed to validate its role in perinatal care.
Keywords: Diastolic deceleration area, fetal growth restriction, neonatal outcome, prenatal ultrasonography
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The failure of a fetus to fulfill its full genetically deter-
mined development potential is known as fetal growth 

restriction (FGR).[1] About 3–7% of pregnancies are affected 
by late-onset FGR, which usually appears after the 32nd 
week of pregnancy.[2] FGR that develops as a result of pa-
thologies of the fetal-placental-maternal unit can lead to 
significant short- and long-term complications.[3]

Clinics use ultrasound examinations, a non-invasive tech-
nique, to diagnose and monitor FGR patients. The three 
primary Doppler parameters used are the uterine artery 
(UtA), middle cerebral artery (MCA), and umbilical artery 
(UA).[4,5] However, in high-risk pregnancies like those af-
fected by FGR, it is believed that Doppler parameters 
alone cannot reliably indicate fetal hypoxia and adapta-
tion changes, which has increased interest in combined 
ultrasonographic evaluations. In particular, Doppler 
evaluation, which integrates uterine, placental, and fetal 
vascular data, serves as a crucial modality for the early 
detection of uteroplacental insufficiency and the predic-
tion of adverse neonatal outcomes.[6] The importance of 
the cerebroplacental ratio (CPR), umbilicocerebral ratio 
(UCR), and cerebroplacentouterine ratio (CPUR) values—
which integrate information from the uterine, middle ce-
rebral, and umbilical arteries—has been highlighted by a 
recent medical study. In cases of FGR, these parameters 
have been used to diagnose, monitor, and predict adverse 
neonatal outcomes.[4,5,7,8]

It has been shown that vascular resistance decreases 
and cerebral perfusion increases in response to long-
term hypoxia in FGR patients (brain protective effect).
[4,9] A helpful notch in the interpretation of cerebral va-
sodilation has also been described in the literature.[10] 
Dicrotic Notch (DN) arises from a transient rise in arterial 
blood pressure concurrent with the closure of the aortic 
valve. The DN aligns with the end-systolic pressure of the 
left ventricle, which concurrently signifies the initiation 
of diastole.[11] A unique metric known as the "diastolic 
deceleration area, or DDA," was created in a 2023 study 
to measure the degree of cerebral vasodilation in light of 
DN research. According to this study, DDA can be used 
independently to detect hypoxia in the latter phases of 
pregnancy.[10]

Because of their high metabolic rate, fetuses with late 
FGR have a decreased tolerance to hypoxemia, which 
makes postnatal care even more important.[7] Our study's 
objectives were to show the connection between FGR 
and DDA area, a novel Doppler parameter, and to clarify 
the distinct roles that several Doppler parameters play 
in forecasting unfavorable neonatal outcomes in fetuses 
with FGR.

Methods
This prospective case-control study was conducted at 
the Ankara Etlik City Hospital Perinatology Clinic be-
tween January 2024 and July 2024. The study popula-
tion was divided into two groups: Group 1 consisted of 
45 patients diagnosed with late-onset FGR, and Group 2 
consisted of 45 control patients. The Ethics Committee 
approved the study protocol (approval number: AESH-
EK1-20/12/2023-770). The guidelines of the World Medi-
cal Association's Declaration of Helsinki were followed in 
this study. Written informed consents was obtained from 
all patients who participated in the trial after they were 
fully informed.

FGR was defined in accordance with the Delphi consen-
sus criteria, taking into account an estimated fetal weight 
(EFW) or abdominal circumference (AC) below the 3rd per-
centile or an EFW or AC below the 10th percentile, in con-
junction with an abnormal umbilical Doppler (pulsatility 
index >95th percentile) or an abnormal cerebro-placental 
ratio (CPR) (<5th percentile). Late FGR is the term used to 
describe a diagnosis made after the 32nd week of preg-
nancy.[2] Fetuses initially classified within the 3rd–10th per-
centile range but showing normal Doppler parameters on 
follow-up assessments were excluded before data analy-
sis, ensuring that only cases meeting the full FGR criteria 
were analyzed. The first day of the most recent menstrual 
cycle and/or the fetal crown-rump length, measured dur-
ing the first trimester and confirmed by ultrasound exam-
inations, were used to determine the gestational age. A 
control group was selected for each FGR patient to ensure 
comparability in gestational and maternal age. Partici-
pants in the study were between 32 and 37 weeks of ges-
tation; patients identified beyond 37 weeks were exclud-
ed because the DDA range is reported in the literature 
as up to 37 weeks.[10] Exclusion criteria included patients 
with chronic maternal diseases (such as diabetes mellitus 
or thyroid dysfunction), smoking, alcohol consumption, 
presence of congenital anomalies and existing obstetric 
complications other than FGR (such as pre-eclampsia, 
oligohydramnios or gestational diabetes mellitus). The 
control group consisted of pregnancies with normal bio-
metric parameters and Doppler findings, without any ma-
ternal comorbidities or obstetric complications. Doppler 
measurements for both groups were performed at the 
time of diagnosis for FGR cases and at the corresponding 
gestational week for the control group. All study partici-
pants provided demographic information, such as mater-
nal age, weight attained during pregnancy, body mass in-
dex (BMI), and history of pregnancy (gravidity, parity, and 
abortion).
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Patients underwent transabdominal sonography performed 
by an experienced perinatologist using a Voluson S10 Expert 
sonography machine (GE Healthcare, Milwaukee, WI), dur-
ing the diagnosis. UA pulsatility index (PI), systolic/diastolic 
UA ratio (S/D), MCA Doppler peak systolic velocity (PSV), S/D 
and PI, UtA Doppler S/D and PI, CPR, UCR, CPUR, and DDA 
data were recorded. Formulated with CPR: MCA PI/ UA PI, 
UCR: UA PI/ MCA PI and CPUR: CPR/ UtA PI.[4,12,13] When there 
was no fetal movement and no respiration, the UA Doppler 
was recorded at the free portion of the umbilical cord, away 
from the umbilical cord insertion point. The probe was posi-
tioned vertically on both sides of the lower uterine segment 
in order to measure the maternal UtA, and the waveform was 
measured within 1 cm of the location where the UtA crossed 
the external iliac artery. An insonation angle of less than 30° 
in the section of the proximal MCA 2 mm from its origin in 
the internal carotid artery was used to calculate the MCA 
Doppler.[14] In the obtained MCA Doppler curve, the dicrotic 
notch, the end-diastolic velocity and the time between both 
points were determined. The DDA was calculated using the 
following formula: 1/2 (DN + D) Δt (Fig. 1).[10] The single deep-
est pocket (SDP) method was used to estimate amniotic flu-
id volume.[15]

The follow-up and treatment protocol for FGR in our clinic 
complies with the guidelines of the Society for Maternal-
Fetal Medicine (SMFM).[16] FGR patients were delivered in 
our clinic at 37 weeks if no other fetal or maternal patholo-
gies were present. Date of birth, birth weight, APGAR 1/AP-
GAR 5 scores and all neonatal morbidities were recorded. 
Composite adverse neonatal outcomes included neonatal 
sepsis, the need for mechanical ventilation, the need for 
continuous positive airway pressure (CPAP), a 5th-minute 
APGAR score below 7, birth weight below 2000 g, and low 
neonatal cord blood pH.

Statistical Analysis
The number of persons to be included in the study was 
determined using the G-Power 3.1.9.7 program. When cal-
culating the estimated sample size, the DDA was used as 
the primary variable. The sample size was calculated using 
Student’s Paired Test with a power of 80%, a probability of 
error of α=0.05 and a Cohen effect size of ‘medium’. Accord-
ingly, the study was planned to be conducted with a total 
of eighty patients, forty of whom were to be in both groups.

For all statistical analyses, RStudio was used to examine 
the data. To determine whether the variables had a nor-
mal distribution, they were analyzed using both visual and 
analytical methods, particularly the Kolmogorov-Smirnov/
Shapiro-Wilk's test. For data that was regularly distributed, 
descriptive analysis was used, which included means and 
standard deviations. Independent sample t-tests were 
used to compare group parameters. Medians and quartiles 
(Q1-Q3) were used in descriptive analysis for numerical 
data that was not normally distributed, and Mann-Whitney 
U tests were used for intergroup comparisons. Descrip-
tive analysis was performed on categorical variables using 
percentage and frequency measures. When the chi-square 
test's assumptions were not fulfilled because of low an-
ticipated cell counts, the connection between categorical 
variables was evaluated using either the chi-square test or 
Fisher's exact test. A ROC (Receiver Operating Characteris-
tics) curve analysis was used to assess the prediction abil-
ity of several predictors for adverse neonatal outcomes. A 
p-value below 0.05 was considered statistically significant.

Results
Table 1 displays the traits and perinatal results of the preg-
nant research participants. The two groups were identical 
in terms of maternal age, gravidity, parity, weight gained 
during pregnancy, and the gestational week of ultra-
sound examination (p=0.917, p=0.360, p=0.237, p=0.209, 
p=0.062, respectively). However, there was a substantial 
difference in the BMI, with the control group having a high-
er BMI (p=0.001). The median gestational week for FGR pa-
tients in this study was 34 (33–35) weeks. The FGR group 
had higher values of UA PI, UA S/D, UtA PI, and UtA S/D in 
the ultrasonographic evaluation, while the control group 
had greater SDP (p=0.001, p=0.008, p=0.012, p=0.008, 
p=0.020). In all groups, the MCA Doppler values for PI, S/D, 
and PSV were similar (p=0.050, p=0.109, p=0.821, respec-
tively). However, the FGR group had much lower composite 
Doppler measures like CPUR and CPR. On the other hand, 
UCR and DDA values were considerably greater in the FGR 
group (p<0.001, p<0.001, p<0.001, p<0.001). While gesta-
tional age and birth weight were significantly lower in the 

Figure 1. DDA is defined by DN: Dicrotic notch; D: End diastolic ve-
locity and Δt: (t2–t1). DDA=½ (DN + D) Δt.
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FGR group than in the control group, the rate of preterm 
births was higher (p<0.001, p<0.001, p=0.001). Both 
groups had similar delivery methods and fetal distress 

(p=0.072, p=0.188, respectively). Transient tachypnea of 
the newborn (TTN), respiratory distress syndrome (RDS), 
phototherapy requirement, neonatal sepsis rate,  need for 

Table 1. Maternal characteristics and perinatal outcomes of the pregnant woman included in the study

	 Control	 FGR	 p 
	 n=45	 n=45

Maternal age (year) 	 27±4.8	 27±5.3	 0.917ᶲ
BMI at during test (kg/m2) 	 30.1 (26.7-32.9)	 26 (24.9-28.1)	 0.001¥
Weight gained during pregnancy (kg)	 11.9±4.12	 10.8±3.88	 0.209ᶲ
Gravida	 2 (1-3)	 1 (1-2)	 0.360¥
Parity	 0 (0-1)	 0 (0-1)	 0.237¥
Week in which USG was performed	 34 (33-36)	 35 (34-36)	 0.062¥
SDP (mm) 	 50±11	 44±14	 0.020ᶲ
UA S/D 	 2.51 (2.21-2.76)	 2.62 (2.34-3.36)	 0.008¥
UA PI	 0.86 (0.78-0.98)	 0.98 (0.85-1.16)	 0.001¥
UtA S/D 	 1.85 (1.69-2.21)	 2.20 (1.79-3.04)	 0.008¥
UtA PI 	 0.70 (0.58-0.94)	 0.97 (0.62-1.26)	 0.012¥
MCA PSV (cm/s)	 48 (39-55)	 46 (38-55)	 0.821¥
MCA S/D 	 5.45 (4.36 (6.79)	 4.87 (3.69-6.35)	 0.109¥
MCA PI 	 1.70±0.314	 1.56±0.368	 0.050ᶲ
CPR	 1.99±0.470	 1.60±0.491	 <0.001ᶲ
CPUR	 2.67 (1.87-3.59)	 1.74 (1.03-2.72)	 <0.001¥
UCR	 0.49 (0.44-0.61)	 0.61 (0.52-0.83)	 <0.001¥
DDA	 5.80 (5.22-6.45)	 7.10 (5.73-8.76)	 <0.001¥
Gestational age at delivery (week) 	 39 (38-40)	 37 (36-37)	 <0.001¥
Birth weight (gram) 	 3200 (2830-3455)	 2240 (2018-2380)	 <0.001¥
Preterm birth (<37 week)	 4 (8.9)	 18 (40)	 0.001£
Birth method			   0.072£
Normal spontaneous vaginal birth	 20(44.4)	 15 (33.3)	
Primary cesarean section	 17 (37.8)	 27 (60)	
Previous cesarean section history	 8 (17.8)	 3(6.7)	
Female gender	 25 (55.6)	 25 (55.6)	 N/A£
Fetal distress	 6 (13.3)	 12 (26.7)	 0.188£
APGAR Score at 1st minute	 9 (9-9)	 8 (7-9)	 <0.001¥
APGAR Score at 5th minute 	 10 (10-10)	 9 (8-10)	 <0.001¥
NICU admission 	 5 (11.1)	 19 (42.2)	 0.002£
TTN	 3 (6.7)	 10 (22.2)	 0.072£
Respiratory distress syndrome 	 0 (0)	 4 (8.9)	 0.117£
Need for CPAP	 4 (8.9)	 13 (28.9)	 0.031£
Need for mechanical ventilator	 0 (0)	 5 (11.1)	 0.056£
Need for phototherapy	 1 (2.2)	 3 (6.7)	 0.616£
Neonatal sepsis	 0 (0)	 3 (6.7)	 0.242£
Neonatal hematocrit (%)	 54±4.2	 56±5.6	 0.124ᶲ
Neonatal cord blood pH	 7.42 (7.37-7.44)	 7.32 (7.23-7.38)	 0.009¥
Composite adverse neonatal outcomes 	 5 (11.1)	 19 (42.2)	 0.002£

Data are expressed as mean±SD or median and quartiles (Q1-Q3 where appropriate. A p value of <0.05 indicates a significant difference. Statistically significant 
p-values are in bold. ᶲStudent t test, ¥ Mann-Whitney U test, £ Chi-squared test. FGR: Fetal growth restriction; BMI: Body mass index; SDP: Single deepest pocket; 
UA S/D: Umblical arterial systolic/diastolic ratio; UA PI: Umblical arterial pulsatility index; UtA S/D: Uterine artery systolic/diastolic ratio; UtA PI: Uterine artery 
pulsatility index; MCA PSV: Middle cerebral artery peak systolic velocity; MCA S/D: Middle cerebral artery systolic/diastolic ratio; MCA PI: Middle cerebral artery 
pulsatility index; CPR: Cerebroplacental ratio; CPUR: Cerebralplacentaluterine ratio; UCR: Umbilicalcerebral ratio; DDA: Diastolic deceleration area; NICU: Neonatal 
intensive care unit; TTN: Transient tachypnea of the newborn; CPAP: Continuous positive airway pressure. Composite adverse neonatal outcomes: Neonatal 
sepsis, need for mechanical ventilator, need for CPAP, 5th minute APGAR below 7, birth weight below 2000 g, neonatal low cord blood pH.
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mechanical ventilator and neonatal hematocrit levels were 
comparable in both groups when comparing perinatal 
outcomes (p=0.072, p=0.117, p=0.616, p=0.242, p=0.056, 
p=0.124, respectively). In addition, the APGAR values of the 
first and fifth minute and the pH value of the umbilical cord 
blood were significantly lower in the FGR group than in the 
control group. (p<0.001, p<0.001, and p=0.009, respective-
ly). Composite adverse neonatal outcomes, neonatal inten-
sive care unit admissions, and CPAP were more common in 
the FGR group than in the control group (p=0.002, p=0.002, 
and p=0.031).

Table 2 displays the results of the receiver operating char-
acteristic (ROC) study done for composite Doppler indices. 
CPR, CPUR, UCR, and DDA were statistically substantially 
linked to adverse neonatal outcomes among these Dop-
pler measures. With a sensitivity of 96% and a specificity 
of 32% (p=0.008), the cut-off value for CPR was ≤2.11. With 
a sensitivity of 54% and a specificity of 85% (p=0.018), the 
cut-off value for CPUR was ≤1.36. With a sensitivity of 96% 
and a specificity of 31% (p=0.008), the cut-off value for UCR 
was more than 0.46. With a sensitivity of 50% and a speci-
ficity of 88% (p=0.035), the cut-off value for DDA was more 
than 7.23 (Fig. 2).

Table 3 displays the results of the ROC analysis that was 
conducted for individual Doppler parameters. MCA PI and 
MCA S/D were statistically substantially linked to adverse 

neonatal outcomes among these Doppler measures. With 
a sensitivity of 71% and a specificity of 71% (p=0.003), the 
cut-off value for MCA PI was ≤1.52. The MCA S/D cut-off val-
ue was ≤4.09, with a 54% sensitivity and an 82% specificity 

Figure 2. Receiver operating characteristic (ROC) curves to assess 
the usefulness of cerebroplacental ratio (CPR), umbilicalcerebral ratio 
(UCR), cerebralplacentaluterine ratio (CPUR) and diastolic decelera-
tion area (DDA).

Table 2. Predictive roc analysis results of composite doppler indices for composite adverse neonatal outcomes

	 AUC	 CI (95%)	 Cut-off	 p	 Sensitivity (%)	 Specificity (%)

CPR	 0.664	 0.556-0.760	 ≤2.11	 0.008	 96	 32
CPUR	 0.669	 0.562-0.765	 ≤1.36	 0.018	 54	 85
UCR	 0.664	 0.557-0.760	 >0.46	 0.008	 96	 31
DDA	 0.649	 0.541-0.747	 >7.23	 0.035	 50	 88

CPR: Cerebroplacental ratio; CPUR: Cerebralplacentaluterine ratio; UCR: Umbilicalcerebral ratio; DDA: Diastolic deceleration area. Composite adverse 
neonatal outcomes: Neonatal sepsis, need for mechanical ventilator, need for CPAP, 5th minute APGAR below 7, birth weight below 2000 g, neonatal low 
cord blood pH.

Table 3. Predictive ROC analysis results of individual doppler parameters for composite adverse neonatal outcomes

	 AUC	 CI (95%)	 Cut-off	 p	 Sensitivity (%)	 Specificity (%)

MCA PI	 0.693	 0.586-0.786	 ≤1.52	 0.003	 71	 71
MCA S/D	 0.693	 0.587-0.786	 ≤4.09	 0.002	 54	 82
UA PI	 0.534	 0.426-0.640	 >1.13	 0.669	 33	 89
UA S/D	 0.552	 0.444-0.657	 >2.91	 0.506	 46	 82
UtA PI	 0.633	 0.525-0.732	 >1.06	 0.073	 54	 80
UtA S/D	 0.633	 0.525-0.732	 >2.59	 0.063	 50	 82

MCA PI: Middle cerebral artery pulsatility index; MCA S/D: Middle cerebral artery systolic/diastolic ratio; UA S/D: Umblical arterial systolic/diastolic ratio; UA PI: 
Umblical arterial pulsatility index; UtA PI: Uterine artery pulsatility index; UtA S/D: Uterine artery systolic/diastolic ratio. Composite adverse neonatal outcomes: 
Neonatal sepsis, need for mechanical ventilator, need for CPAP, 5th minute APGAR below 7, birth weight below 2000 g, neonatal low cord blood pH.
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(p=0.002). Adverse neonatal outcomes were not linked to 
uterine artery S/D and PI levels or umbilical artery S/D and 
PI values.

Discussion
We showed in this study that adverse neonatal outcomes 
were statistically significant with a novel Doppler param-
eter, DDA area, and that various Doppler parameters con-
tributed to the prediction of adverse neonatal outcomes in 
individuals with FGR. For CPR, the cut-off value was ≤2.11, 
and the sensitivity and specificity were 96% and 32%, re-
spectively. CPUR’s cut-off value was ≤1.36, and its sensitiv-
ity and specificity were 54% and 85%, respectively. The UCR 
cut-off value was more than 0.46, and the sensitivity and 
specificity were 96% and 31%, respectively. DDA’s cut-off 
value was more than 7.23, and its sensitivity and specificity 
were 50% and 88%, respectively.

Detecting intrauterine fetal risks in FGR is extremely impor-
tant to improve pregnancy outcomes in affected fetuses.[17] 
Doppler parameters used for this purpose in clinical prac-
tice serve as valuable guides. It is assumed that the Doppler 
changes in the fetus develop in a certain order.[18] Placental 
insufficiency and the resulting fetal hypoxia lead to an in-
crease in PI, S/D and RI values during umbilical artery Dop-
pler evaluation.[19,20] A brain-protective effect occurs when 
cerebral blood flow increases in response to these altera-
tions in the umbilical artery Doppler. The brain-protective 
effect is accompanied by cerebral vasodilation, which can 
be monitored in the fetus via MCA Doppler imaging.[4] MCA 
PI values decrease with this change.[21] The FGR group in 
our study had higher umbilical artery Doppler values (S/D 
and PI). In contrast to previous investigations, the FGR and 
control groups’ MCA PSV, S/D, and PI values were compara-
ble. MCA Doppler S/D and PI indices were associated with 
adverse neonatal outcomes, while there was no correla-
tion between umbilical artery Doppler scores and adverse 
neonatal outcomes. Placental dysfunction and impaired 
trophoblast invasion in patients with FGR lead to increased 
resistance in the maternal spiral arteries. Consequently, 
uterine artery Doppler parameter values increase.[22,23] 
Ghosh and Gudmundsson’s[24] work highlighted the signifi-
cance of uterine artery Doppler in FGR patients by finding 
a link between UtA Doppler and a poor perinatal outcome 
in patients with normal UA Doppler. The FGR group in our 
study had considerably higher uterine artery Doppler S/D 
and PI values, which were not linked to adverse neonatal 
outcomes.

Although placental insufficiency is the primary cause of 
FGR pathology, it is known that FGR does not occur in every 
case of placental insufficiency.[25] This scenario increases in-

terest in combined Doppler assessments, raising the ques-
tion of whether fetal and maternal Doppler measurements 
can identify hidden placental insufficiency. In their study, 
Gramellini et al.[25] compared the CPR values in patients 
with FGR. They discovered that fetal hypoxemia and an 
increased risk of long-term neurodevelopmental impair-
ment are associated with CPR, which integrates MCA Dop-
pler and umbilical artery Doppler. Later studies reached 
similar conclusions, demonstrating a link between CPR and 
adverse perinatal outcomes, leading to its widespread use 
in patients with FGR.[4,21,26] CPUR, a combined Doppler pa-
rameter that incorporates uterine artery Doppler into the 
CPR ratio, was studied in patients with FGR by MacDonald 
et al.[12] CPUR was found to be more significant in predict-
ing adverse perinatal outcomes than CPR and UCR values. 
In our study, FGR patients had significantly lower UCR val-
ues and significantly higher CPR and CPUR values. Adverse 
neonatal outcomes were also associated with combined 
Doppler parameters. Among these parameters, CPUR was 
the strongest combined Doppler parameter associated 
with adverse neonatal outcomes.

Although these studies on FGR focus on Doppler param-
eters to predict the outcome of affected pregnancies, ad-
verse perinatal outcomes can also be observed in pregnant 
women with normal Doppler values. This shows that the 
actual role of ultrasound in patients with FGR is not yet 
clear and leads to new research. Building upon the concept 
that cerebral vasodilation plays a crucial role in fetal adap-
tation to hypoxia, Ignatov et al.[10] introduced the Diastolic 
Deceleration Area as a novel Doppler parameter to better 
quantify changes in fetal cerebral blood flow. Their study 
demonstrated that DDA, which is calculated based on the 
area between the dicrotic notch and the end-diastolic ve-
locity in the middle cerebral artery waveform, correlates 
with fetal oxygen deficiency. By analyzing third-trimester 
nomograms, they established reference ranges for DDA 
and suggested that this parameter could serve as an inde-
pendent tool for identifying fetal hypoxia, either alone or 
in combination with other Doppler indices. Their prelimi-
nary findings indicated that DDA has the potential to im-
prove fetal monitoring in late pregnancy. We attempted to 
demonstrate this new Doppler parameter in patients with 
FGR, and as a result, we found that the DDA interval is a 
significant parameter in the diagnosis of FGR and is associ-
ated with adverse neonatal outcomes. The area under the 
curve (AUC) value of DDA is 0.649, which is slightly lower 
than other Doppler indices such as CPR and UCR, but DDA 
appears to have a high specificity with a sensitivity of 50% 
and a specificity of 88%. In particular, in terms of specific-
ity, DDA has the highest specificity among the parameters 
(32% for CPR, 31% for UCR, 85% for CPUR, 71% for MCA PI, 
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82% for MCA S/D). High specificity is particularly valuable 
in clinical decision-making, as it minimizes the likelihood 
of false-positive results, thereby reducing unnecessary in-
terventions and hospitalizations. This shows that DDA can 
accurately exclude adverse neonatal outcomes. The cut-off 
point of DDA >7.23 indicates a severe change in fetal blood 
flow and may be an important indicator of fetal hypoxia 
or hemodynamic stress. Although it reflects the adaptive 
response of the fetal circulation, like other Doppler param-
eters, the high specificity of DDA indicates that this param-
eter can more accurately identify high-risk fetuses and play 
an important role in clinical decision-making. Due to its 
high specificity, DDA can be considered a valuable supple-
mentary parameter for predicting poor neonatal outcomes 
in pregnancies affected by fetal growth restriction, despite 
its limited sensitivity for predicting adverse neonatal out-
comes. This highlights the potential of DDA in clinical prac-
tice for enabling closer monitoring and early intervention, 
especially in high-risk cases.

The primary limitation of this study is its generalizability to 
broader populations, as it was conducted in a single-cen-
ter setting with a relatively homogeneous patient cohort. 
While the sample size was determined based on power 
analysis and is statistically sufficient, the findings may not 
be directly applicable to diverse populations with vary-
ing demographic, clinical, and regional characteristics. 
Additionally, potential variations in Doppler indices over 
time were not accounted for, which could influence the 
predictive value of the parameters studied. Future multi-
center studies with larger and more diverse populations 
are warranted to validate our results and enhance their 
applicability to clinical practice. Our study’s strength is 
that it assessed several Doppler measures in patients with 
late-onset FGR in addition to being a prospective study. 
Additionally, this study is the first to look into the DDA 
range in patients with FGR.

Conclusion
In this study, we demonstrated the significance of the Di-
astolic Deceleration Area as a novel Doppler ultrasound 
parameter in predicting adverse neonatal outcomes in fe-
tuses with late-onset fetal growth restriction. Among the 
Doppler indices analyzed, the cerebroplacental ratio exhib-
ited the highest sensitivity (96%), while the Diastolic Decel-
eration Area demonstrated the highest specificity (88%) at 
a cut-off value of >7.23, making it a particularly valuable 
tool for identifying fetuses at high risk. Despite its relatively 
lower sensitivity (50%), the high specificity of DDA sug-
gests its potential as a supplementary parameter to exist-
ing Doppler indices for clinical decision-making.

The findings underscore the importance of using com-
bined Doppler parameters, such as CPR, CPUR, and UCR, 
alongside DDA for a comprehensive assessment of fetal 
well-being. This integrated approach could enhance the 
early detection of at-risk fetuses, enabling timely interven-
tions to improve perinatal outcomes. Further multicenter 
studies are warranted to validate these findings and ex-
pand their clinical applicability.
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