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Introduction
Doppler studies on hemodynamics of the cardiovascular system and intra-abdominal organ
perfusion in non-pregnant individuals are usualy performed by cardiologists and radiologists.

Specialists in Maternal-Fetal Medicine are also familiar with cardiovascular Doppler
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sonography, however they mostly focus on the feta or uteroplacental circulation
Recently, several reports have been published on Doppler assessment of the maternal venous
compartment, illustrating its feasibility and repeatability ®'. These studies have shown that
the venous compartment is also subject to maternal cardiovascular adaptation during

uncomplicated pregnancy *

. In gestational diseases, such as preeclampsia, some of the
observations show promising results with respect to the evaluation of maternal cardiovascular
maladaptation *** and prediction of subsequent disease *2. Therefore, the maternal venous
compartment is a new area to be explored in obstetric ultrasound imaging **, in order to link
Doppler observations to known features of gestational cardiovascular (patho)physiology ¢
and to the information obtained from other parameters *.

This paper offers a comprehensive review on Doppler assessment of the maternal venous

compartment during uncomplicated pregnancy.



Literature sources

A literature search was conducted to identify all the published observational Doppler studies
on maternal venous hemodynamics. Relevant citations in PubMed and Medline were searched
using combinations of the keywords : Maternal physiology, Doppler, Hepatic veins, Renal
interlobar veins, Pregnancy, Venous Hemodynamics, Venous Compartment, Central Veins,
gestational cardiovascular adaptation, review. The reference lists of all known primary and
review articles were examined for additional relevant citations. Relevant chapters from

handbooks were searched in the Library of Hasselt University and in personal collections.



Definition and anatomy of the lower central venous compartment.

The venous system is responsible for the return of deoxygenated blood from the organs back
to the heart. The central veins are the large single lumen veins, which are anatomically close
to the heart. Basically they include the jugular veins, the upper and lower vena cava, the
hepatic veins and the renal veins. The connection between the systemic venous system and
the right atrium is open, as there is no interposition of an anatomical or functional valve
mechanism. Therefore, intravascular measurements of venous pressures, flow-velocities and
volumes in the central veins are a direct reflection of the function of the right heart **°, In
clinical practice, this principle is commonly used to estimate or measure the central venous
pressure at the level of the jugular veins using both non-invasive and invasive methods %°.
There is an anatomical structure known as the valve of the inferior vena cava, which was first
described by Eustachius #. Contrary to the semilunar valves of the arterial outflow tracts, this
structure does not close the lumen of the vena cava intermittently, but it is merely a semilunar
endocardial fold at the anterior site of the entrance of the inferior vena cave in the right
atrium. It has an important function during foetal life to direct the oxygenated blood towards
the open foramen ovale %, but degenerates after birth.

The inferior Vena Cava (VCI) contains blood from the intra-abdominal and retroperitoneal
organs, the gonads and the lower limbs. As illustrated in Figure 1a, the liver drains blood into
the VCI through the hepatic venous tree, which consists of three main branches: the left,
middle and right hepatic vein (HV). In many individuals, left and middle HV fuse before
draining into the VCI and often an accessory inferior right HV is found %%, Right and left HV
respectively drain the largest and smallest liver volumes %. Hepatic veins are the sole exit of
blood from the liver, and drain blood originating from both the portal vein and hepatic arteries
2524 The outflow of HV into the VCI is located at the cranio-posterior margin of the liver,

underneath the diafragm, at a few centimeters distance from the right atrium.



Renal veins (RV) connect to the VCI at a distance of roughly 10 cm from the right atrium.
This connection is usualy more caudal on the right than on the left side. As illustrated in
Figure 1B, the right RV is half the length of the left RV, which is the one crossing the
midline. Accessory renal veins are found more often on the right than on the left side *°. On
the right side, the proximal diameter of the RV is larger than on the left side %°. The left RV is
squeezed between the aorta and the Superior Mesenteric Artery, and sometimes this may
provoke ortostatic hematuria 2”. This so-called Nutcracker phenomenon can aggravate during
pregancy 2%. The left RV also drains blood from the left ovarian vein, which is another
important interrenal morphological difference (Fig 1B).

There are many types of anatomical variants of the lower central venous system, not only due
to a high frequency of accessory veins as explained above, but also due to abnormal
embryogenesis. These congenital anomalies are found in all segments of the VVCI: the hepatic,
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suprarenal, renal and infrarenal segment <. Congenital venous aberrations are usualy

asymptomatic and are mostly found by accident. Their presence or absence have to be
considered carefully in the pre-operative work-up of liver- of kidney transplantation **=.
Next to this, different types of congenital intrahepatic vascular shunts have been observed,
such as arteriovenous connections, arterioportal shunts and portosystemic fistulas *. Both

congenital aberrations and intrahepatic vascular shunts are responsible for a high variation of

hepatic vein Doppler patterns in normal individuals without liver disease *.



Physiology of venous hemodynamics

The venous compartment has an important role to play in human physiology. It is a large
capacitance reservoir, containing 65-75% of the total blood volume. Of this, 75% is in the
small veins and venules 3. The splanchnic bed is the most important blood reservoir of the
body, containing up to 25% of the total blood volume *, of which the majority is in the liver
bed **° The venous vascular walls contain collagen and elastin fibres, together with a

% This histological structure serves physiologic

circular layer of smooth muscle cells
properties as expansion, visco-elasticity and active contraction *. As such, the venous
compartment contributes actively to the regulation of cardiac output ***®. Contrary to the
arterial system, small changes of intravenous pressure have major impact on cardiac output *°.
In the control and regulation of cardiac output, the heart and veins cooperate as one functional
unity *°. Both anatomical and physiological properties allow the venous system to function as
the main regulator of the circulating blood volume : in cases of hypovolemia (e.g. massive
hemorrhage), reflex- induced venoconstriction mobilises stored blood from the venular bed
into the circulation, and in cases of blood volume expansion (e.g. pregnancy), the majority of
the excess volume is maintained in the venular bed.

The driving forces behind forward flow of blood in arteries and veins are different. In the
arterial compartment, the contraction of the cardiac ventricles creates a positive pressure-
gradient between the heart and the other parts of the human body, pushing the blood into the
arterial system. In the venous compartment however, relaxation of the cardiac atria and
ventricles create a negative pressure gradient between the heart and veins. This suction force
is responsible for venous return %%,

Many physiologic variables are known to interfere with venous return and the shape of the

venous pulse waves. Respiration movements are responsible for heaving of the venous pulse

waves **. This may be counteracted by intraluminal obstruction, such as trombi, or by external



compression from intrapelvic masses *°. An example of this is the gravid uterus, which is
responsible for a rise of intravenous pressure of the femoral vein *°. Ortostasis and gravidity
reduce venous return, whereas this temporarily increases after changing to supine position
until a new steady state is reached . Veins, surrounded by skeletal muscular tissue, depend
largely on contractions of these muscles to stimulate forward venous flow and to prevent
stasis of blood. This is mainly true for the lower extremity, where this muscle pump activity is
supported by mechanic compression from stockings for the prevention of deep vein
thrombosis in cases of reduced mobility “°. Several drugs and medications have been studied

with respect to direct or indirect activity on venous wall muscular contractility *.



Study of venous hemodynamics by Duplex Ultrasonography

Methods to study body venous tone have been reviewed by Pang 3* they include mean
circulatory filling pressure technique, constant CO reservoir technique, plethysmography,
blood-pool scintigraphy, linear variable differential transformer technique and intravasular
ultrasound. These techniques all have limitations and are difficult to perform in clinical
setting, especially during pregnancy. Duplex Ultrasonography has been reported to be a
simple, non-invasive and easily-accessible method to study venous hemodynamics, both in
non-pregnant patients ** as during pregnancy ®®. Because of high intra- and interobserver

variation reported for Doppler- derived measurements %%

, methodologic standardisation is
needed, especially when interfering factors, as discussed above, are to be excluded.

A standardised Duplex Ultrasound examination has been reported, which allowed obtaining
reproducible measurements of renal interlobar ° and hepatic venous pulsewaves ** by Duplex
ultrasonography. Examinations were performed by a single ultrasonographer, using a 3,5-7
MHz probe (Hitachi EUB 6500). All women were examined in supine position at random
occasion throughout the day, irrespective of food intake *. Both kidneys and liver were
scanned in the transverse plane at the craniocaudal midportion of the organs (Fig 2a and 3a).
The impact of breathing movements on the ultrasound image was demonstrated to every
patient and the relevance of holding breath during Doppler measurements was explained and
demonstrated. Once the patient was familiar with the instructions of the ultrasonographer, the
examination was performed according to a standard protocol. (1) The direction of blood flow,
as indicated by color Doppler, was used to differentiate right, left and middle branch of the
hepatovenous (HV) tree from the portal branches and hepatic arteries (Fig 2A) and to
distinguish renal interlobar veins (RIV) from arteries (Fig 3b). (2) The real time ultrasound

image in combined B-D mode was frozen after visualisation of at least two to three similar

venous Doppler flow patterns during interrupted breathing. (3) As the direction of the Doppler



beam was mostly parallel with the examined vessel, Doppler angle correction was rarely
needed. If so, this was always within a maximum of +/-30°. (4) RIV maximum velocity
(MxV) and minimum velocity (MnV) were plotted and printed. Similarly, velocities were
measured of HV A-, X-, V- and Y-deflections. (5) Throughout the course of the ultrasound
examination, interpretation of measured values by the ultrasonographer was avoided. (6) For
every woman, three consecutive measurements were printed for each kidneys and the liver.
(7) After the scan, RIV Delta Velocity (DeltaV) and Impedance Index (RIV1) were calculated
as MxV-MnV and DeltaV / MxV respectively. (8) The mean of three measurements of RIV
MxV, MnV and RIVI and of HV A-, X-, V- and Y-velocity was considered the organ-specific
value, which was registered in the database. (9) Reproducibility of this methodolody was
demonstrated in a set of 24 women by performing all measurements twice in the same
individual and calculating the intra-class correlation coefficient using maximum likelihood
estimation for the linear mixed model *>*®. These intra-class coefficients were 0.88 for RIVI

and 0.78, 0.88 and 0.62 for HV A-, V- and Y- velocity respectively ¥,



Doppler studies of lower central hemodynamics in non-pregnant individuals.

As explained above, there are no anatomical valves at the level of the venous inflow tracts.
Due to this open communication between the heart and central veins, the shape of the venous
pulse and Doppler waves reflect the cardiac cycle of the right atrium *¥*°. This is well known
for the pulse wave characteristics of the jugular veins *, vena cava and hepatic veins **. The
typical pulse wave characteristics of hepatic veins are illustrated in Figure 3a. As is shown,
the A-deflection represents central venous backflow away from the heart during atrial
contraction, the X-deflection represents forward cardiopetal flow following atrial relaxation
which decelerates instants before opening of the tricuspid valve (V-deflection), the Y-
deflection represents forward flow following ventricular relaxation. Sometimes, a C-
deflection is also present instants after the A-deflection, and this represents the closure of the
tricuspid valve. At increasing distance from the heart, the triphasic shape of the venous pulse
wave, presented in Fig 2c, changes gradually towards a biphasic, monophasic and flat pattern.
Biphasic venous pulse waves are usually observed in the liver during the second trimester of
pregnancy (Fig 2d) and in renal interlobar veins of non-pregnant individuals (Fig 3c).
Monophasic waveforms are a typical pattern at the level of RIV during third trimester
pregnancy (Fig 3d). A flat pulse wave is the common pattern observed at the lower extremity
% but is also frequently observed in the liver during the third trimester of pregnancy (Fig 2e)
and in RIV during ureteral obstructive disease (Fig 3e) *"*®. The same types of Doppler
waveforms are also found in the venous circulation of the fetus: triphasic types are observed
at the level of inferior vena cava and hepatic veins, biphasic waveforms s are present in the
ductus venosus and flat patterns are found in the umbilical vein .

As explained above, anatomical variations and intrahepatic shunts are responsible for a large
variation in the presentation of tri-, bi- and monophasic Doppler waves in the liver of healthy

individuals **. Next to this, these patterns are also strongly influenced by cardiac and liver



diseases. Typical patterns of abnormal HV Doppler waveforms have been reported for
restrictive and constrictive cardiopathy, tamponade, pulmonary hypertension and tricuspid
regurgitation >*. These patterns also show typical variations with respiration. Similarly, an
association was reported between mono-and biphasic HV Doppler wave patterns and

histology of liver steatosis *°®

, Whereas the presence of triphasic waves virtually excludes
fatty infiltration of the liver ****. Monophasic patterns in HV have also been reported for
impaired liver function due to cirrhosis >°, compression by intra-abdominal or intrahepatic
masses *° or HV thrombosis (Budd-Chiari Syndrome) >

In non-pregnant individuals, Doppler studies of renal interlobar veins are used in obstructive

uropathy to distinguish physiological from pathological pyelocaliectasis *"**¢, for non-invasive

monitoring of transplant kidneys °"*® and in the work up of renal vein occlusion **°,



Doppler studies of hepatic veins during pregnancy

As explained above, there is a high intra-and interindividual variation of HV Doppler waves,
ranging between triphasic, biphasic and flat patterns **!. Roobottom et al. reported that
during the course of normal pregnancy, the HV waveforms changed from predominantly
triphasic to predominantly monophasic patterns 8. This is illustrated in Figure 2. Return from
gestational patterns to normal during the course of postpartum has also been reported ®. The
Hepatic Vein A-deflection, known to represent central venous backflow during atrial
contraction 3, was reported to convert to constant forward moving flow into the direction of
the heart at around 22-24 weeks of gestation **. This gestational evolution resembles that of
the known evolution of plasma volume expansion *® and therefore, it was hypothesised that
this phenomenon could result from dampening of cardiofugal flow by increasing intravascular
filling **. Doppler derived estimations of hepatic flow during pregnancy have shown that
hepatic perfusion increases significantly after 28 weeks compared to non-pregnant levels, and
because the hepatic arterial blood flow remains unchanged, this effect is mainly due to the
increase of the portal venous return 2%,

Figure 4b shows the evolution of HV A-wave velocities, measured at 1-2 week intervals,
between 9 weeks and term in an uncomplicated pregnancy. As is shown, the velocities change
from positive velocities into the direction of the liver (triphasic waves) during early
pregnancy, to negative velocities into the direction of the heart (bi- and monophasic waves) in
the second trimester. In this particular case, the shift from tri- to biphasic and flat Doppler
waves occurred at 25-27 weeks, but shortly returned to triphasic again at 32 weeks after
which they became biphasic and flat again until term. This reversal illustrates the high intra-
individual variation of HV waveforms during the third trimester of pregnancy. In a group of
13 unomplicated pregnancies, 3 different types of of evolution in HV Doppler waves during

third trimesrter pregnancy were observed: (1) women presenting monophasic waveforms



only, (2) women having both mono- and biphasic waveforms, and (3) women presenting

mono-, bi- and triphasic waveforms .



Doppler studies of renal interlobar veins during pregnancy

As is explained above, Doppler wave patterns in RIV of pregnant women gradually shift from
biphasic to monophasic during the course of pregnancy (Fig 3 c+d) *'°. Retroperitoneal
compression by the volume of the pregnant uterus is considered responsible for dilatation of

the renal pyelon, especially on the right side ®*°

, and this can be associated with the presence
of flattened RIV Doppler waveforms (fig 3e).

Karabulut et al were the first to report lower RIVI values in pregnant women compared to
non-pregnant individuals ®. From the late second trimester onward, they observed that right
kidney RIVI was 10-15 % lower than in the left one, and this was inversely related to pyelon
diameter. This observation was considered to result from increased intrarenal interstitial
pressure, due to retroperitoneal compression by the growing pregnant uterus. In a cross-
sectional study '° and in a prospective observational study °, RIVI was observed to decrease
gradually in both kidneys during first and second trimester of pregnancy, after which this
decrease continued until 30 weeks at the right side only. Gestational evolutions of RIV
Maximum and Minimum flow velocities were found to be similar to known gestational
evolutions of Cardiac Stroke Volume and Renal Glomerular Filtration °, which suggested an
association with features of maternal gestational cardiovascular adapatation. Venous flow
velocities in the right kidney were consistenly higher than in the left kidney, and this was
linked to interrenal anatomical differences: as explained above, larger diameters and more

252681 “\which facilitate efflux of blood.

accesory renal veins are present on the right side
Influx of ovarian blood and compression between Superior Mesenteric Artery and Aorta
decelerate flow velocities in the left renal vein "%, These anatomical differences also help to
explain the lower RIVI values during the third trimester of pregnancy °. Fig 5 shows the

normal pattern of variation of RIVI values in both kidneys, as measured at weekly intervals in

a non-pregnant woman (Fig 4a) and in an uncomplicated third trimester pregnancy (Fig 5b).



As is depicted, the RIVI measurements of both kidneys in the non-pregnant individual show
an undulation around 0.4, and the oscillation of this pattern is not the same in both kidneys.
The RIVI values in third trimester pregnancy are lower on the right side than on the left one,
and due to this the undulating curves of both kidneys are totally separated. Fig 4a illustrates
the evolution of RIVI of both kidneys at 1-2 weeks intervals from 6 weeks before conception
until delivery in a women with an uncomplicated pregnancy. As is shown, the undulating

pattern is present both in the non-fertilized menstrual cycle as during pregnancy.



Towards a link between maternal venous Doppler parameters and known features of
gestational cardiovascular physiology

Human pregnancy is subject to major adaptations of the maternal cardiovascular system *4°,
These adaptations occur both at the arterial and venous sites of the circulation. Most Doppler
studies on gestational hemodynamics focus the analysis of maternal uterine artery waveforms
or the evaluation of fetal or uteroplacental circulation; the large number of publications on

these topics have been reviewed extensively °.

Doppler studies on maternal venous
hemodynamics however are few.

As explained above, the tone of venous vascular walls and related venous compliance are
crucial determinants of cardiac output through a direct impact on central venous pressure and
preload of the right ventricle, which regulates stroke volume through the Frank-Starling
mechanism *%. Venous compliance, which is much larger than arterial compliance ®?, depends
on ageing, autonomic (dys)function, medication, systemic or vascular diseases *® and parity
634 During uncomplicated pregnancy, venous compliance and distensibility are increased ®
and this returns slowly to normal values within 3 months postpartum . The functional ability
of vessel walls to contract or relax and change vascular compliance can be studied by Duplex
sonography : maximum (MxV) and minimum (MnV) flow velocities are measured to
calculate venous impedance index, which is the venous equivalent of arterial resistivity index
(R1), defined as (MxV-MnV)/MxV %, As explained in the previous chapters, Renal
Interlobar Vein impedance index (RIVI) decreases during the course of pregancy, and this is
consistent with an increase of venous compliance, as mentioned above ®**°. As such, this
evolution illustrates that Duplex sonography allows obtaining information on venous
compliance or distensibility non-invasively, and that RIVI measurement can be considered a
guantitative representation of venous tone or resistance. In this perspective, the undulating

pattern of RIVI values in non-pregnant and pregnant women, as illustrated in figures 4 and 5,



IS an interesting observation. This pattern suggests that the physiologic process of maintaining
venous tone or compliance is a dynamic process with a slow variation in time, and that the
activity of the vascular walls differs at various sites of the venous circulation.

The venous side of the splanchnic vascular bed plays a critical role in the homeostatic
responses to changes of intravascular volume %. Up to 33% of the total blood volume is in the
splanchnic venous bed, and 1/3 of this is in the liver ***°, Therefore, the splanchnic veins are
called capacitance vessels 3. Sympathetic nerve stimulation can mobilise up to 21% of the
total blood volume into the circulation *°, hereby increasing cardiac output significantly ©'.
Again, the contribution of the liver in this proces is important *®. During pregnancy,
alterations occur at the vascular walls of mesenteric veins, resulting in increased intravascular
volumes at the expense of compliance ®. Doppler derived estimations of hepatic flow during
pregnancy have shown that hepatic perfusion increases significantly after 28 weeks compared
to non-pregnant levels, and that this is mainly due to the contribution of the portal vein 2%,
This evolution is associated with dampening of the HV A-wave, indicating that during the
second trimester of pregnancy the normal physiologic backflow of blood from the right atrium
into the hepatic venous system during atrial contraction reverses to constant forward moving
flow into direction of the heart **. The gestational evolution of HV A-velocities was very
similar to the known evolution of plasma volume expansion **. As such, the presence or
absence of the HV A-wave as reported ', together with the manifestation of triphasic,
biphasic or flat HV Doppler wave patterns (Fig 2a-c), may be considered indirect Doppler
representations of the status of hepatic venous intravascular filling. In this perspective, the
large intra-individual variability in presenting different types of HV Doppler waves during the

11

third trimester of pregnancy is another interesting observation ~-. This suggests that

maintenance of intravascular filling may be another dynamic process, and that perhaps the



liver is actively involved in maintaining the circulating volume during the third trimester of
pregnancy.

These observations are the basic elements of an interesting hypothesis, in which an active role
is attributed to the maternal venous compartment for the regulation and maintenance of the
pregnant woman’s circulating volume, which is known to be a crucial physiologic condition

towards an uncomplicated course of pregnancy and normal outcome.



Conclusions

The review of publications presented in this paper illustrate that studies of the maternal
venous compartment by Duplex ultrasonography are feasible. The reported results correlate
well with known features of gestational cardiovascular physiology. Some of the observations
open perspectives to investigate further into new hypotheses on the physiologic role for the
venous compartment to play in the volume homeostatis during pregnancy, and as such
Doppler studies of maternal venous hemodynamics may add to the current knowledge of
gestational cardiovascular hemodynamics. Finally, the ressemblence between the maternal
and fetal venous circulation suggests that improvement of our knowledge on dynamic events
in the maternal venous circulation may help to understand better important aspects of venous
hemodynamics of the fetus as well. Next to all this, ultrasonography is generelly accepted to
be safe during pregnancy, and it is an examination easily accessible to all pregnant women
undergoing obstetric scanning. These arguments are an open invitation for obstetric
ultrasonographers to initate Doppler studies in the “forgotten field” of obstetrics: the maternal

venous compartment.
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Figure Caption List

Figure 1

Anatomy of the lower central venous compartment from liver to kidneys. As is shown in the
left panel, there are 3 hepatic veins (HV): left, middle and right, which are often accompanied
by additional braches. Usually, left and middle HV fuse before draining into the vena cava
inferior (VCI) at a few centimeters caudal from the right cardiac atrium. The right panel
shows that the right renal vein (RV) is shorter and inserts more caudally into VVCI then the left
RV. Next to this, the right RV has more accessory branches and a wider proximal diameter
than the left RV. Also, the left LV is sometimes sandwiched between Aorta and Superior

Mesenteric Artery (Nutcracker Syndrome) and drains blood from the left ovarian vein.

Figure 2

Illustrations of 2D- ultrasound and Doppler images of the intrahepatic vascular tree. Panel A
shows the standard view of the liver, scanned intercostally at the craniocaudal midportion.
Panel B shows the color Doppler image at this level, which enables distinguishing portal
branches and hepatic arteries (red) from hepatic veins (blue). Panel C illustrates the typical
triphasic HV Doppler wave pattern, in which the A-deflection represents backflow of blood
from the right atrium into the hepatic venous circulation during atrial contraction. This pattern
is mostly observed in non-pregnant individuals and during early pregnancy. Panel B illustrates
a biphasic pattern, where the A-deflection is not reversed. This pattern is commonly observed
during midgestation. Panel E illustrates the flat HV pattern, which is the most common

pattern in term pregnancy.



Figure 3

Illustrations of intrarenal vascularity, as observed by 2D- ultrasound and Duplex sonography.
Panel A shows the standard view of the kidney, scanned in transverse position at the level just
above the renal hilus. The intrarenal pyelon can be identified easily. The interlobar vessels are
located between the pyelon and the renal cortex. Color Doppler imaging, as illustrated in
panel B, allows distinguishing interlobar arteries (red) from veins (blue). Panel C illustrates
the typical biphasic pattern of renal interlobar veins, which is the most common pattern in
non-pregnant individuals and during early and midgestation. Panel D shows the monophasic
pattern, which is very common in term pregnancies. Panel E illustrates a flat pattern, which is

frequently found during urological obstruction.

Figure 4

Graphical illustration of serial measruements of Renal Interlobar Vein Impedance Index
(RIVI) (upper panel) and Hepatic Vein A (HVA) velocity (lower panel) at 2-weeks interval
from preconception (RIVI) or early pregnancy (HVA) until term. As is shown, RIVI
measurements of both kidneys have an undulating pattern where the highest values
intermittently belong to the left or the right kidney. During the course of pregnancy, RIVI
decreases and at term, right renal RIVI values are lower than those from the left kidney.
Simultaneously, HVA-velocities shift from positive values reflcting triphasic HV Doppler
wave patterns with blood flowing into the direction of the liver during atrial contraction, to
negative values, representing biphasic or flat HV Doppler wave patterns with blood flowing
into direction of the heart. In this woman, the conversion from cardiofugal to cardiopetal flow
occurs around 26 weeks. She also presents a short reversal to positive HVA-values again at

32 weeks, after which HVA velocities turn negative again. The latter illustrates the intra-



individual variation of HV Doppler wave patterns during uncomplicated third trimester

pregnancy.

Figure 5

Illustration of serial measurements of Renal Interlobar Vein (R1V) Impedance Index (RIVI) at
weekly intervals in a non-pregnant individual (upper panel) and during uncomplicated third
trimester pregnancy (lower panel). As is also illustated in figure 4, right and left RIVI values
show an undulating pattern and no obvious relationship is observed between between the
frequency of oscillation in both kidneys. During the third trimester of pregnancy, right RIVI

values are consistently lower than those from the left kidney.
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