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ABSTRACT

Doppler sonography is widely established in prenatal medi-
cine and obstetrics and is commonly used in screening for an-
euploidy and preeclampsia during the first trimester. More

importantly, during the 2nd and 3rd trimester, it is used in
the assessment of fetal health as well as the surveillance of un-
derlying fetal conditions such as IUGR and anemia. Correct
use of the method is vital for correct data interpretation and
the inferred clinical decision process. Therefore, we aim to
provide all users of doppler sonography with a guide for meet-
ing the required quality standards. These quality standards
will further be the basis of DEGUM-certified training courses.
In the first part, we will introduce the technical principles of
the method and potential error sources, vascular disciplines
to which the method can be applied, analysis of the spectral
curves, patient safety and the needed requirements for suc-
cessful certification.

ZUSAMMENFASSUNG

Der Einsatz der Methode der Dopplersonografie in der Prdna-
tal- und Geburtsmedizin hat sich allgemein durchgesetzt. Sie
wird beim Screening auf Aneuploidie und Praeklampsie im
1. Trimester zunehmend angewendet, aber vor allem zur feta-
len Zustandsdiagnostik bzw. Uberwachung gefihrdeter Feten
bei IUGR, Andmie und anderen Erkrankungen im 2. und 3. Tri-
mester eingesetzt. Die korrekte Anwendung der Methode der
Dopplersonografie ist die Voraussetzung fir die richtige Inter-
pretation der Ergebnisse und daraus abgeleiteter klinischer
Entscheidungen. Diese Qualitdtsanforderungen sollen hiermit
fur alle Anwender formuliert werden und gleichzeitig als
Grundlage fir die durch die DEGUM zertifizierten Kurse die-
nen. Im 1. Teil werden die allgemeinen technischen Grundla-
gen, GefdRgebiete, Auswertung der Spektralkurven, Fehler-
quellen, Patientensicherheit und die Voraussetzungen fir
eine erfolgreiche Zertifizierung behandelt.

Part 1

Obijective

The use of Doppler sonography in prenatal medicine and obste-
trics to analyze flow rates in different maternal and fetal blood
vessels has become extremely important. This is largely the result
of extensive worldwide studies and the application of this knowl-
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edge in daily clinical practice thanks to the DEGUM-certified
courses offered over the last 25 years. Doppler sonography is
used for screening, assessing fetal health, and monitoring compli-
cated pregnancies, and serves as a tool for making obstetric deci-
sions. It has a broad range of uses in hospitals and physician’s
offices during all three trimesters [1-5]. As in all areas of medi-
cine, correct application of the method is a prerequisite for ensur-
ing good quality of resulting clinical decisions [1, 4]. The first step
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in quality management is to formulate general (Part 1) and special
(Part 2) standards for the use of Doppler sonography in conjunc-
tion with the DEGUM recommendations.

Technical Principles and Methods
Equipment

The ultrasound device used for Doppler sonography in obstetrics
provides color Doppler and spectral Doppler ultrasound images as
well as B-mode images and is approved for use in obstetrical
examination.

Technical Principles and Methods

Setting: Pulsed Doppler sonography (pulsed wave, PW-Doppler) is
used for imaging in pregnancy. The color Doppler signal makes it
possible to locate the vessel on the B-mode image and to position
the Doppler window (sample volume) more quickly and easily.
The Doppler signal can be derived in duplex or triplex mode, but
duplex mode is preferable because the quality of the resulting
Doppler sonogram (Doppler curve, spectral curve, envelope,
Doppler effect curve) is better and the energy load is lower.

The default setting should emphasize the Doppler sonogram
and not the B-mode image (2/3 vs. 1/3) (» Fig. 1).

Angle Based on the Doppler equation (fd = 2fo*cos alpha*v/c),
the following parameters are significant. The insonation angle
(alpha) in the direction of the blood flow should be as small as
possible to achieve the highest Doppler shift frequencies (fd). The
angle setting helps to adjust the insonation angle appropriately.
When measuring absolute velocities, the insonation angle should
be as close to 0° as possible; at angles 230°, velocity measurements
are subject to greater errors because of the cosine function of the
Doppler equation.

Flow rate An average flow rate should be selected when plot-
ting the Doppler curve so that ideally 3 to 6 cycles are shown
when measuring fetal and maternal vessels. This makes it possible
to measure the Doppler curves exactly and to assess their unifor-
mity.

Gain The gain should be selected so that the signal can be
clearly differentiated from background noise and the Doppler
spectrum is distinctly displayed against the background. In addi-
tion, the intensity of the individual Doppler shift frequencies
within the spectrum should be visible.

High-pass filter The movements of the vessel walls produce
low-frequency interference signals that a high-pass filter can sup-
press. It should be set to <60Hz to ensure that low end-diastolic
Doppler shift frequencies are recorded.

Display of the Doppler signal The recorded Doppler sono-
gram represents the measured frequency shift (Doppler shift
frequency). The devices report either frequencies (Hz) or veloci-
ties (cm/s). The latter assumes an optimal insonation angle of 0°
or 180°. Blood flow towards the transducer produces positive
Doppler shift frequencies, while blood flow away from the trans-
ducer results in negative frequencies. In color Doppler sonogra-
phy, these flows are coded red and blue, respectively.

Aliasing If the Doppler shift frequency exceeds the Nyquist
limit (maximum pulse repetition frequency (PRF)/2), the higher
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» Fig. 1 Biphasic spectral Doppler curve of a free loop of the
umbilical artery in triplex mode in the 32nd gestational week
with normal perfusion (high end-diastolic flow).

frequencies erroneously appear in the reverse channel (aliasing
effect). There are multiple ways to correct aliasing. The first ap-
proach is to increase the PRF and/or adjust the baseline. If that
does not work, the transducer can be used at a lower frequency
in duplex mode because it allows a higher PRF. Using a CW
Doppler transducer is yet another alternative.

Doppler window (sample volume) In pulsed Doppler sono-
graphy, the measurement site is precisely defined by the position-
ing of the sample volume. The size of the sample volume can vary
depending on the case and is normally 2 - 3 mm. When measuring
blood flow volume, the sonographer must ensure that the sample
volume captures the entire cross-section of the vessel.

Transducer frequency Transducer frequency is differentiated
into B-mode and Doppler mode. Higher frequencies in Doppler
mode lead to higher Doppler shift frequencies at the same blood
flow velocities. Higher Doppler frequencies are therefore better at
capturing lower velocities.

Continuous wave (CW Doppler) In continuous wave Doppler,
all Doppler shift frequencies in the overall ultrasound beam are re-
corded. It therefore is not possible to precisely define a measure-
ment range. However, the aliasing effect poses no limitations,
even permitting measurement of extremely high velocities.

Vascular areas

Both arterial as well as venous vessels can be examined via Dop-
pler sonography, whereby maternal-placental, feto-placental,
and fetal vessels are differentiated (» Table 1, 2).

The arterial vessels exhibit a biphasic, pulsatile flow pattern
with a systolic and a diastolic phase (» Fig. 1).

The velocities vary between the arteries and increase over the
course of the pregnancy. The pulsatility of the blood flow pattern
also depends on gestational age. Pathological changes are accom-
panied by an increase in pulsatility. Pulsatility decreases only in
the cerebral arteries.

Depending on the cardiac cycle, there is a triphasic flow pat-
tern in the veins surrounding the heart, with a systolic and early
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» Table 1 Maternal and fetal arteries and downstream vascular areas.

uterine arteries uterus and placenta (maternal)

umbilical artery placenta (fetal)

middle cerebral artery brain
renal artery kidney

descending thoracic aorta trunk, abdominal organs,

lower extremities, placenta

pulmonary arteries lungs

» Table 2 Fetal veins and their major resistive components.

ductus venosus right arterial pressure

umbilical vein right arterial pressure

inferior vena cava right arterial pressure

hepatic veins right arterial pressure

superior vena cava right arterial pressure

pulmonary veins left arterial pressure

diastolic peak as well as a nadir during the late diastolic atrial
contraction (> Fig. 2).

In the umbilical vein, the blood flow is uniform and hence
monophasic (> Fig. 3). Pathological changes are accompanied by
an increase in pulsatility in the veins near the heart. In the umbili-
cal vein, the blood flow then becomes pulsatile.

Reference curves based on gestational age should be consul-
ted to evaluate pulsatility and velocities.

In practice, the following vessels are of particular importance:

Uterine arteries The blood flow in the uterine arteries is large-
ly determined by the downstream maternal-placental vasculature,
especially the shape of the spiral arteries. Owing to the expansion
of the vascular lumina caused by the trophoblast invasion, the
flow resistance drops and the pulsatility decreases as an expres-
sion of altered impedance. Accordingly, the pulsatility in the uter-
ine arteries falls in the first and early second trimester [6]. An early
diastolic notch is also an expression of increased impedance. A
notch arises from a pulse wave reflection when vascular continuity
changes; it then disappears when the spiral arteries are fully dila-
ted. Itis found bilaterally at the end of the first trimester (> Fig. 4)
in approximately 50 % of pregnant women but almost always dis-
appears by the 24 week (> Fig. 5, 6). Bilateral notching is there-
fore detectable after the 24™ week of pregnancy only in fewer
than 5% of normal pregnancies [6-9]. The further from the
placenta, the higher the pulsatility. It is measured near the cervix
in the respective main branch of the right and left uterine arteries
in the absence of contractions.

Umbilical artery The blood flow in the umbilical arteries is lar-
gely determined by the downstream feto-placental vasculature,
the number and width of the small arteries, arterioles, and espe-
cially the sinusoidal end segments of the placental villi. It there-
fore reflects the degree of villi maturation, which persists
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» Fig. 2 Triphasic spectral Doppler curve of the ductus venosus
in the 22nd gestational week with exact position of the sample
volume in the vessel (aliasing) and normal perfusion.

1 Geschw. - 13 44cmy/s

» Fig. 3 Monophasic spectral Doppler curve of a free loop of the
umbilical vein in the 25 gestational week with low velocity; the
spectral curve of the umbilical artery is indicated in the reverse
channel.

throughout the entire course of the pregnancy. Accordingly, the
pulsatility in the umbilical arteries decreases over the course of
the pregnancy [10 - 14]. Within the umbilical cord, the pulsatility
decreases in the direction of the placental insertion [13]. It is
therefore recommended to measure the middle section of the
free umbilical cord (> Fig. 1).

Middle cerebral artery (MCA) The pulsatility of the middle
cerebral artery is qualitatively assessed during Doppler sonogra-
phy examination. Its pulsatility is largely determined by the flow
resistance of the downstream cerebral vasculature. Pulsatility
increases slightly during pregnancy and drops again around the
34t gestational week [10, 15-17].

A quantitative measurement of the peak systolic velocity (PSV
or Vmax) is performed in the MCA to diagnose anemia [18]. In this
context, particular quality standards apply: Color Doppler sono-
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» Fig. 4 Spectral Doppler of the left uterine artery in the first tri-
mester with notching (yellow arrow) still evident but with normal
perfusion.

» Fig.5 Spectral Doppler of the right uterine artery in the second
trimester with high diastolic flow, normal perfusion.

graphy is used to locate the circle of Willis in the transverse cere-
bral section. It is best to visualize the full length, rather than
specific points or short stretches, of the MCA near the transducer.
This also ensures that the azimuthal angle is close to 0°. The
image is enlarged to nearly maximum such that the MCA takes
up more than 50 % of the image. The Doppler signal is derived
from a 1-3 mm sample volume 1.0 -1.5cm from the branch of
the MCA from the circle of Willis or the internal carotid artery.
The insonation angle should be 0° if possible; an insonation angle
<15°is tolerable (> Fig. 6), while insonation angles 230% cannot
be used [19, 20], because major errors in absolute velocity mea-
surement are unavoidable even when the angle is adjusted
(» Fig. 7). The peak systolic velocity (PSV), i. e., the highest point
of the Doppler sonogram, is measured. Measurements should be
performed three times; the highest PSV is evaluated [19, 20]. If
the position is unfavorable, the measurement can also be
performed in the MCA of the cerebral hemisphere remote from

322

Re MCA-PS
Re MCA-ED
Re MCA-5/D
Re MCA-PI
Re Rl
Re MCA-MD
TAmM

» Fig.6 Spectral Doppler of the middle cerebral artery in the third
trimester with exact position of the sample volume and normal
perfusion.

1 ; .
3

» Fig.7 Spectral Doppler of the middle cerebral artery with visua-
lization of the vessel and placement of the sample volume.

the transducer [19]. Phases of fetal heart rate acceleration should
be avoided particularly in the third trimester, because the PSV of
the MCA decreases at that time [21].

Descending aorta The fetal aorta is no longer measured
because it provides no additional information compared with the
above-named vessels and also presents methodological difficul-
ties. In particular, the pulsatility depends on the measurement
site, and the insonation angle is almost always unfavorably large
due to the position. These conditions adversely affect the repro-
ducibility of this measurement.

Pulmonary arteries Measurements of the pulmonary arteries
are reserved for special issues, especially for evaluating the
pulmonary arterial vascular bed to predict pulmonary hypoplasia
or pulmonary hypertension.

Ductus venosus The pulsatility of the ductus venosus (DV),
like other systemic veins near the heart, is largely determined by
fluctuations in central venous and right arterial pressure. It conti-
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» Fig.8 Correct color Doppler sonography settings for measuring
the ductus venosus with display of the following structures (from
right to left): left portal vein (IPV), DV with aliasing (yellow arrow),
confluence of DV and liver vein (blue arrow), right atrium (RV).

nually decreases over the course of the pregnancy [22, 23]. After
the first trimester, there is an antegrade flow in all phases. The DV
differs from other veins near the heart in that its blood flow velo-
cities are significantly higher, which makes it easy to identify with
color Doppler owing to the aliasing effect (> Fig. 8). The measure-
ment is performed in a longitudinal parasagittal section, with the
full length of the DV being visualized at a minimal insonation
angle (<30°). The sample volume should not exceed 2 mm to
avoid recording the pulsatile flow pattern with the negative
a-wave of the adjacent liver veins (> Fig. 2).

Umbilical vein The blood flow pattern of the umbilical vein is
determined in the free umbilical cord. It is monophasic with a con-
sistent antegrade flow, like in the intra-abdominal section of the
umbilicus vein (» Fig. 3). Only a marked increase in the pulsatility
in the ductus venosus will result in flow patterns in the umbilical
vein with biphasic, or rarely triphasic, pulsatility [24].

Pulmonary veins The pulmonary venous blood flow pattern is
best derived in the vein near the transducer close to where the
vein enters the left atrium.

The pulsatility in the pulmonary veins reflects the left atrial
pressure, which equals the right atrial pressure when the foramen
ovale is open. Therefore, the pulsatility in the pulmonary veins
usually changes in line with that of the systemic veins. The blood
flow pattern is triphasic with a constant positive flow [25, 26].
Regardless of the right atrial pressure, only severe diastolic
dysfunction of the left ventricle will result in a poor or absent
antegrade or retrograde flow during left atrial systole, which is
particularly pronounced in the case of a highly restrictive or intact
atrial septum [27, 28].

Evaluating the Doppler Sonogram
The Doppler curve can be evaluated qualitatively and quantita-
tively.

Qualitative evaluation means assessing the shape (e. g., retro-
grade flow or notching) and pulsatility of the Doppler curve.

Faber R et al. Doppler Sonography during... Ultraschall in Med 2019; 40: 319-325

» Table 3 Indices for arterial and venous vessels

Rl = (S-D)/S
Pl = (S-D)/TAmax
PIV = (S-a)/D

PVIV = (S-a)/TAmax

RI = resistance index, Pl = pulsatility index, PIV = pulsatility index for
veins, PVIV = peak velocity index for veins, TAmax = average velocity
of the envelope or maximum velocities of a cycle.

» Fig.9 Inadequate spectral Doppler of the umbilical artery, pre-
venting measurement of the indices (PRF too high, gain too high).

Pulsatility is characterized by the impedance indices, the resist-
ance index (RI), and pulsatility index (PI) (» Table 3). In general,
the Pl is favored because it contains more information about the
blood flow. To qualitatively assess the uterine arteries, the average
of the left and right Pls is used.

Quantitative evaluation involves recording absolute blood flow
velocities and is reserved for special indications such anemia
diagnostics in the middle cerebral artery.

Most modern devices can analyze the Doppler curve via auto-
matic curve tracing. This requires flawless recording of the
Doppler curve (see » Fig. 1, 2, 6). If the curve is not perfect, the
measurement can be done manually. But it is better to repeat the
measurement (> Fig. 9).

Sources of error

As with every examiner-dependent method, a number of errors
are possible in Doppler sonography. Most errors occur when the
above-described measurement techniques are not observed.

The following possible errors should also be kept in mind:

Uterine arteries — Measurement during a uterine contraction
results in a decrease in the diastolic blood flow or even flow rever-
sal, measurement of smaller uterine vessels (arcuate arteries);

Umbilical artery - Measurement during fetal body or respira-
tory movements (> Fig. 10);
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» Fig. 10 Spectral Doppler curves of the umbilical artery (red arrow)
and umbilical vein (blue arrow) during fetal body movements.

Middle cerebral artery - Too much transducer pressure
causes a loss of diastolic blood flow.

Ductus venosus (see » Fig.2) — Mix-up with adjacent vessels
(e.g., liver veins) (» Fig. 11), resulting in incorrect Doppler spec-
trum, measurement during fetal respiration.

Documentation

Images of every Doppler sonographic examination should be
documented to show the envelope and its measurement.

Patient Safety

Ultrasound waves generate mechanical and thermal energy in
biological tissues. Sonographic examinations should therefore
follow the ALARA principle (as low as reasonably achievable). The
default settings of modern ultrasound devices are adjusted speci-
fically for use in fetuses. The examiner is required to check the
thermal index (Tl) and mechanical index (MI) settings. In B-mode
ultrasound, the Tl should be lower than 1.0 and the MI under 0.7.
In pulsed Doppler sonography, in particular, these limits are ex-
ceeded to keep the examination time as brief as possible (ALARA
principle). Especially in early pregnancy, the indications for Dop-
pler sonography should be determined on a very strict basis [29].

Certification and Quality Management

Authorization for medical practices in Germany to use and bill for
Doppler examinations in obstetrics and gynecology is regulated
by the Ultrasound Agreement (Agreement on Quality Assurance
Measures in accordance with § 135, paragraph 2 of Social Code
Book V (SGB V) on ultrasound diagnostics (Ultrasound Agreement
of October 31, 2008 in the currently valid version effective Octo-
ber 1, 2017). The Agreement differentiates between Doppler in
prenatal diagnosis (application area=AB 22.1, duplex procedure
- fetal cardiovascular system; AB 22.2, duplex procedure - feto-
maternal vascular system) and Doppler examination of the vessels
of the female genital system (AB 20.11 duplex procedure - vessels
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» Fig. 11 Spectral Doppler curve of a hepatic vein very close to
ductus venosus with aliasing (yellow arrow), the hepatic vein has
a significantly lower maximum systolic velocity (cf. » Fig. 2).

of the female genital system). Authorization must be obtained for
each of these application areas.

There are currently multiple options for obtaining Doppler
sonography certification. These are likewise specified in the Ultra-
sound Agreement (§4: Acquisition of technical skills in accord-
ance with the Regulation on Continuing Education; § 5 Acquisition
of technical skills through regular activity; § 6 Acquisition of tech-
nical skills through ultrasound courses) (www.kbv.de/html/ultra-
schall).

Beyond the course specifications contained in the Ultrasound
Agreement, the DEGUM also developed and specified quality
standards for the content of these courses (www.degum.de).

The courses also cover the use of Doppler sonography on the
uterine arteries, ductus venosus, and tricuspid valve during first-
trimester screening. The use of these Doppler parameters in algo-
rithms to identify the risk of aneuploidy and to predict the risk of
preeclampsia and IUGR requires primary certification as well as
annual auditing (www.fetalmedicine.com, www.fmf-deutsch-
land.de).
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