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ABSTRACT

Objective: The fetal basilary artery Doppler (BA-D) measurements could
be an easier alternative method to middle cerebral artery Doppler at the
first trimester for the prediction of early fetal anemia. Our aim is to test its
feasibility and construct reference ranges of BA-D at the first trimester
Materials and Methods: The study was analyzed retrospectively by using
a transabdominal Doppler ultrasound which measured the fetuses at a
crown-rump length (CRL) ranging from 45 to 81mm in 145 singleton
pregnancies at the first trimester. The BA was imaged in the midsagittal
plane, the pulse Doppler was placed just caudal to the anterior echogenic
line of the brainstem, and the insonation angle was kept below 30°. The
pulsatility index (PI) and peak systolic velocity (PSV) were also measured.
Results: A total of 138 out of the 145 fetuses were included. The mean CRL
was 60.5+10.6 mm (range: 45-81mm). The mean nuchal translucency (NT)
was 1.51+0.46 mm. The Pl and PSV varied significantly, with the gestational
age, CRL, NT, biparietal diameter (p < 0.05), and regression models being
constructed for each variable. The 5, 50t and 95" percentiles for the BA
Pl and PSV Doppler measurements at each gestational week were
determined. Intraclass correlation coefficient for the BA PI and PSV
measurements were 0.792 (95% CI=0.661-0.876; p<0.01) and 0.457 (95%
Cl=0.208-0.650; p<0.01), respectively.

Conclusion: The BA Pl and PSV values were determined during the first
trimester sonography of healthy fetuses. Intraobserver reproducibility is
acceptable for BA and should be supported by new studies for its use in
the diagnosis of early fetal anemia.

Keywords: Basilar artery, Doppler ultrasound, first trimester ultrasound,
peak systolic velocity, pulsatility index

(074

Amag: Fetal baziler arter Doppler (BA-D) olguimleri, erken fetal anemi
tahmini igin ilk trimesterde orta serebral arter Doppleri'ne daha kolay bir
alternatif olabilir. Amacimiz, ilk trimesterde BA-D’nin fizibilitesini test
etmek ve referans araliklarini olusturmaktir.

Gereg ve Yontem: Calisma retrospektif olarak planlanmis olup, ilk ti¢ ayda
trans abdominal Doppler ultrasonda bas-popo mesafesi (BPM) 45 ile 81
mm arasinda 6lgulen 145 tekil gebelik dahil edildi. BA midsagittal diizlem-
de gorintulenerek, puls Doppler beyin sapinin 6n ekojenik hattinin hemen
kaudaline yerlestirilmis ve insonasyon agisi 30°'nin altinda tutulmustur.
Pulsatilite indeksi (P1) ve pik sistolik hiz (PSH) élgtlda.

Bulgular: 138 fetls kriterlere uygun idi. Ortalama BPM 60.5+10,6 mm
(aralik:45-81 mm), ortalama ense saydamligi (ES) 1.51+0.46 mm’di. Pl ve
PSH; gebelik yasi, BPM, ES, biparietal cap ile degisiklik géstermis, her
degisken igin regresyon modelleri olusturulmustur (p<0.05). Her gebelik
haftasinda BA PI ve PSH Doppler 6lglimleri igin 5.50. ve 95. persentiller
belirlendi. BA PI ve PSH &lgtimleri igin korelasyon katsayisi sirasiyla 0.792
(%95 GA=0.661-0.876; p<0.01) ve 0.457 (%95 GA=0.208-0.650; p<0.01)
idi.

Sonug: BA Pl ve PSV degerleri saglikli fetusler birinci trimester sonografisi
sirasinda belirlenmistir. Gézlemci igi tekrarlanabilirlik BA igin kabul edilebi-
lir olup erken fetal anemi tanisinda kullanilmasi igin yeni ¢alismalarla des-
teklenmelidir.

Anahtar Kelimeler: Baziler arter, Doppler ultrason, ilk Gigay sonografisi, pik
sistolik hiz, pulsatilite indeksi
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INTRODUCTION

Fetal anemia frequently occurs either secondary to Rh allo-
immunization or parvovirus B19 infection and can be seen in
early gestation, even if hydrops has not been developed yet
(1-6). Especially in the history of Rh alloimmunization, if there
is a pregnancy loss or hydrops due to fetal anemia before 20
weeks of gestation, there should be an earlier following up
of the current pregnancy. Since a subsequent pregnancy will
be at risk for anemia development, early screening would be
appropriate and reasonable, starting approximately four to six
weeks before the week of the previous pregnancy loss (7). Most
studies address the evaluation of middle cerebral artery (MCA)
by ultrasound to identify fetal anemia as a noninvasive scre-
ening tool (8-10). The measurement of peak systolic velocity
(PSV) of MCA is currently necessary to diagnose fetal anemia.
Therefore, nomograms of the MCA PSV and MCA pulsatility
index (P1) for each week of gestational age starting from 11
weeks of gestation have been constructed (11-13).

In this respect, other cerebral arteries as internal carotid ar-
teries (ICAs) and anterior cerebral artery (ACA) could also be
used (6, 8, 9). While the examination of these arteries may be
reasonable, the detection and measurement of each side can
be more complicated and take more time due to fetal move-
ment, size, and technical limitations. Moreover, the section and
angle which are used to measure the MCA PSV or Pl in the first
trimester are not included in standard cranial ultrasonography
plans. Sonographic evaluation of the fetal head in the midsagit-
tal plane is an integral part of first trimester ultrasonography
and is a familiar plan for sonographists. Hence, we suggest that
the evaluation of the basilar artery (BA) may be an alternative
path to MCA in the first trimester. Therefore, we aim to evalu-
ate the feasibility and repeatability of the BA Doppler analysis
of healthy fetuses and to establish normal reference values of
BA Doppler indices at between 11 and 14 weeks of gestation.

MATERIALS and METHODS

The current study was performed between January 2019 and
May 2020 in a private clinic. The BA Doppler flow measure-
ments were performed on 145 consecutive patients admitted
in a setting of first-trimester combined-screening tests for chro-
mosomal abnormalities. The study was based on the princip-
les of the Declaration of Helsinki. All patients gave informed
consent to participate in the study prior to ultrasonographic
examinations. This study was undertaken with the Institutional
Review Board’s approval (Number:1356719).

The inclusion criteria were singleton healthy pregnancies,
crown-rump length (CRL) between 45 and 81mm, and the ab-
sence of fetal structural and chromosomal abnormalities at
11-13+6 weeks of gestation. Fetuses with any structural and/
or chromosomal abnormalities, in utero fetal demise, those
loss to follow-up, and abnormal fetal outcomes (such as int-
rauterine growth restriction) were excluded from the analysis.
Ultrasonographic screenings and examinations for BA had been
performed transabdominally using a 5-MHz curvilinear probe

(Voluson E8, General Electrics Healthcare Technologies, Zipf,
Austria) by only one author (I.H.K.) in all cases.

The BA Doppler measurements were performed as a part of
first trimester chromosomal screening and anomaly scan. All
pregnancies were followed-up and the perinatal outcomes
were made available. To obtain a BA trace, we used the tech-
nique described for intracranial translucency by Chaoui et al.
(14). The exact midsagittal plane of the fetal face was obtained,
and the image was magnified until the fetal head and upper
thorax occupied the whole screen. Following the visualization
of the lines of brainstem, a color Doppler ultrasound was used
to obtain the BA waveform. During the first trimester ultraso-
und scan, at a slightly parasagittal and oblique plane, three
main arteries can be demonstrated. Distal to the level of the
maxilla, there are two main cerebral arteries — posteriorly, the
BA and anteriorly, one of the ICAs. In proximal continuation of
these two arteries, cranial to the level of the maxilla, ACA can
be detected. The ICA runs vertically upwards towards the base
of the skull and travels closer to the maxilla, whereas the BA
rises up from the groove just in front of the pons and travels
closer and perpendicular to the echogenic lines of the brains-
tem, running towards the back of the fetal head. Therefore, in
a slightly oblique plane, distal to the level of the maxilla, both
arteries-anteriorly, ICA and posteriorly, BA — can be visualized.
However, for the Doppler analysis of BA, we have avoided this
oblique plane, and obtained the correct midsagittal plane. Only
the BA and a portion of the ACA were identified in the correct
midsagittal plane, and a gate of pulse Doppler was placed just
caudal to the anterior echogenic line of brainstem using a color
Doppler ultrasound (Figure 1). Figure 2c shows the incorrect,

Figure 1: Transabdominal insonation of the basilar artery (BA)
at the first trimester. The BA was identified along the sagittal
plane anterior to the brainstem using color Doppler ultrasound.
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Figure 2: Approach to imaging of the basilar artery (BA) on color Doppler a) Incorrect plane; the internal carotid artery (ICA)
is also seen in this plane anterior to the BA. Proximally, the anterior cerebral artery (ACA) is also seen, b) Suboptimal plane
which shows the course of BA and a part of ACA. This plane is suboptimal because the borders of brainstem are not clear,
¢) The ideal plane which shows the BA, ACA, and the anterior and posterior borders of the brainstem. The BA was identified
optimally in this correct midsagittal plane where ICA was not visualized. Measurements were obtained at the anterior line
of the brainstem

suboptimal, and optimal planes to image the BA on a color
Doppler ultrasound.

While measuring the BA Pl and BA PSV, the insonation angle
was kept between 0-30°. The pulse repetition frequency va-
lues were kept between 7 and 18 kHz. Mechanic and thermal
indices below 1 were maintained, minimizing the examination
time with color and the pulse wave Doppler to less than two
minutes (15-17). All Doppler measurements were performed in
the absence of fetal movements while the fetus was facing up,
with the neck in neutral position, neither hyperextended nor
hyperflexed. In order to calculate intraobserver repeatability,
the measurements were performed two times in the first 50
consecutive fetuses.

The maternal characteristics as age (years), body mass in-
dex (BMI) (kg/m?), number of pregnancies, parity, gestational
age (GA) at ultrasound examination, CRL, biparietal diame-
ter (BPD), and nuchal translucency (NT) were expressed by
meanzstandard deviation (SD) and ranges. The intraobserver
repeatability was expressed as the intraclass correlation coef-
ficient (ICC). The sample size was calculated according to the
study conducted by Bellera et al. for uniform gestational age
distribution to produce a 90% confidence interval for the 95%
BA Pl or PSV reference limit, with a relative margin of error of
17% when compared with the 95% reference range (the alpha
error was taken as 0.1 instead of 0.05) (18).

RESULTS

This study included 145 singleton pregnancies. BA waveforms
were technically non-acceptable in five cases; and in two ca-
ses, fetal structural anomalies were detected during follow-up.
One of these cases had agenesis of corpus callosum, the other
case had a congenital diaphragmatic hernia; both of them went
to termination of the pregnancy. Therefore, seven cases were

excluded and a total of 138 fetuses were included in the final
analysis. The visualization and evaluation of the BA Doppler
indices were available in 96.5% (140/145) of cases at the time
of NT measurement. The distribution of pregnancies in each
GA was as following: 11-11+6 weeks:44, 12-12+6 weeks:44,
and 13-13+6 weeks:50.

The mean £ SD and ranges of age (years), BMI (kg/m?), num-
ber of pregnancies, parity, GA at ultrasound scan (weeks), CRL
(mm), BPD (mm), and NT (mm) were: 31.67+4.98 (20-39),
24.18+3.45 (17.01-35.12), 2+1 (1-8), 0.5+0.7 (0-3), 60.54+10.66
(45-81), 19.67+2.73 (15-25), and 1.51+0.46 (0.8-2.9), respecti-
vely. The average GA at delivery was 37.8+2.71 weeks and the
average birth weight was (+SD) was 3076+550g. The BA Pl and
PSV varied significantly with gestational age, CRL, and biparietal
diameter (p<0.05) (Table 1).

Linear regression analyses were the best fit curves as follows:
BA Pl measurement = 2.8-0.106xGA (weeks) (R?=0.274),
and for BA PSV measurement=4.785+0.991xGA (weeks) (R?
=0.205). The BA PI decreased significantly with GA, CRL, BPD,
and NT (p<0.05), whereas the BA PSV was found to increa-
se significantly with GA, CRL, BPD, and NT (p<0.05). Table 2
shows the 5%, 50, and 95" percentiles for the BA Pl and PSV
measurements at each GA. Figure 3 shows the scatterplot for
the BA Pl measurement as a function of GA (weeks). Figure
4 shows the scatterplot for the BA PSV measurement as a
function of GA (weeks). Figures 5 and 6 show the distributi-
on of the percentiles of the BA Pl and PSV values according
to GA, respectively. The ICC for the BA Pl and PSV measure-
ments were 0.792 (95% CI=0.661-0.876; p<0.01) and 0.457
(95% ClI=0.208-0.650; p<0.01), respectively. The intraobserver
repeatability was found to be acceptable for BA Pl and PSV
measurements.
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Table 1: Evaluation of the relationship between maternal age, crown-rump length (CRL in millimeters), biparietal
diameter (BPD in millimeters), nuchal translucency (NT in millimeters) measurements, and fetal basilar artery
pulsatility index (Pl) and peak systolic velocity (PSV) measurements

Basilar Artery PI Basilar Artery PSV
r p r p
Maternal age (years) -0.053? 0.537 0.087° 0.312
Gestational age -0.501° 0.001** 0.409° 0.001**
CRL (mm) -0.498° 0.001%** 0.406° 0.001**
BPD (mm) -0.481° 0.001** 0.398° 0.001**

2: Pearson correlation coefficient, ®: Spearman’s correlation coefficient, *p<0.05, **p<0.01

Table 2: Nomogram of the Basilar Artery (BA) pulsatility index (P1) and peak systolic velocity (PSV) values at the 5%,
50, and 95 percentile for each gestational age

Basilar Artery PI

n Min-Max Mean+SD Per 5% Per 50% Per 95%
11-11we6d 44 1.25-1.89 1.59+0.16 1.33 1.60 1.85
Gestationalage 1, 1, 64 44 1.17-1.79 1.48+0.16 1.24 147 1.77
(weeks+ days)
13-13w6d 50 1.16-1.64 1.40+0.13 1.17 1.39 1.59

Basilar Artery PSV

n Min-Max MeantSD Per 5% Per 50% Per 95%
11-11wéd 44 13.20- 19.80 15.99+1.80 13.24 16.11 19.12
Gestational age |, 1, ¢ g 44 13.96-20.44 17.141.57 15.00 17.43 20.10
(weeks+ days)
13-13w6d 50 14.80-20.64 17.86+1.64 15.30 17.59 20.44
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Figure 5: The distribution of the percentiles of the basilar artery
(BA) pulsatility index (PI) values according to gestational age

DISCUSSION

Although the vertebrobasilar circulation is known to be deve-
loped by nine weeks of gestation, the literature regarding the
posterior cerebral circulation is very limited, especially in the
first trimester (19-20). In 1996, Pooh and Aono used a transva-
ginal approach to demonstrate the fetal brain by using power
Doppler technique (19). Their study showed clear images of
fetal vertebral arteries, the BA, and posterior cerebral arteries
in the coronal plane at 12 weeks of gestation. In another study,
Danon et al. evaluated fetal cerebral vasculature by using a
high-definition Doppler with three-dimensional ultrasound vo-
lume data sets in 25 patients between 12.3 and 36.3 weeks of
gestation (20). However, in this study, only two patients were
evaluated in the first trimester, whereas the rest were in the
second or third trimester. Although their study did not provide
a detailed information about patients’ characteristics in whom
BA was identified, it was reported that the visualization rate of
BA at midsagittal plane was approximately 88%. In the current
study, the visualization and evaluation of the BA indices were
feasible in 96.5% of cases, despite being in the first trimester.
The mean value of maternal BMI in our study group was in
the normal weight range (24.18 kg/m?), therefore we could
not find any impact of maternal BMI on BA Doppler indices’
measurement.

In the current study, we established the reference values for
BA Pl and PSV Doppler measurements between 11 and 13+6
weeks of gestation. It was found that the BA PSV increases as
the weeks progressed. This finding is similar to the previous
study conducted by Qureshi (21). They demonstrated the
feasibility of visualizing and measuring the flow velocities
of BA in 18 fetuses with a GA ranging from 19 weeks to 38
weeks and an increase in BA PSV according to GA. The fact
that the study groups are quite small and heterogeneous,
as well as the fact that they and cover the second and third
trimesters, constitutes important differences from our study.
However, the results of both studies indicate that the BA PSV
appears to increase slightly within weeks of the first trimes-

Figure 6: The distribution of the percentiles of basilar artery
(BA) peak systolic velocity (PSV) values according to gestatio-
nal age

ter and continues to increase at a higher rate as pregnancy
progresses.

It is known that MCA Doppler indices have a major effect on
the early non-invasive assessment of fetuses at risk for fetal
anemia after 15 weeks of gestation (22). An evaluation of the
MCA Doppler indices should be obtained in the axial view of
the fetal head and measured with an insonation angle close
to zero in order to obtain 100% accuracy. It is also suggested
that MCA PSV may accurately predict fetal anemia in the first
half of the pregnancy (11-13). However, in the first trimester,
it may be difficult to keep the angle close to zero technically,
especially before 14 weeks of gestation. With the experien-
ce of the NT measurement, in the same sonographic plane,
our findings support that BA Doppler evaluation appears to
be easier and more practical compare to first-trimester MCA
Doppler assessment. In addition, Tongsong et al. presented
the distribution of MCA PSV measurement in the first half
of pregnancy by weeks in their study (12). In this study, int-
raobserver variability was found to be 6.1% between 11-22
weeks of gestation, but it was not mentioned whether this
result differed between the first trimester and early second
trimester, nor how many of the patients were between 11-14
weeks. According to our results, the ICC for BA Pl and PSV me-
asurements were found to be 0.792 and 0.457, respectively,
and their repeatability were found acceptable. We believe
that BA Doppler evaluation may be an alternative method to
discover fetal anemia before 14 weeks of gestation and needs
further investigation to demonstrate its importance in terms
of anemia prediction.

A small sample size and performance of BA Doppler indices’
measurements by the same author are the main limitati-
ons’ of the current study. Therefore, the interobserver va-
riability and reproducibility were not assessed completely.
The sample size was calculated relative to produce a 90%
confidence interval (alpha error was taken as 0.1 instead of
0.05), as a pilot study was designed. Our study was desig-
ned in a prospective manner in a larger population compa-
red to previous studies, which were involved BA insonation
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in the first-trimester sonography (19-21). Nevertheless, the
current results demonstrated an acceptable intraobserver
repeatability for BA Pl and PSV. The current study’s design
is clear and distinct compared to the methodologies of pre-
vious prenatal studies regarding the BA Doppler, where the
evaluations are unclear.

In conclusion, the nomogram of the BA Doppler indices du-
ring first-trimester scanning was constructed in the current
study. So far, this it is the only study in which fetal BA Doppler
evaluation and measurements on healthy fetuses were pre-
sented in first trimester sonography. These results should be
confirmed with more studies. In addition, the reproducibility
of the BA Doppler indices’ at the first trimester to detect early
fetal anemia should be established before using this method
in clinical practice.
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