
 

 

 University of Groningen

Right ventricular function and pregnancy in congenital heart disease
Siegmund, Anne

DOI:
10.33612/diss.144690990

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Siegmund, A. (2020). Right ventricular function and pregnancy in congenital heart disease. [Thesis fully
internal (DIV), University of Groningen]. University of Groningen. https://doi.org/10.33612/diss.144690990

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.144690990
https://research.rug.nl/en/publications/a6072bc3-211a-4fb3-a1cd-e737fb943b98
https://doi.org/10.33612/diss.144690990


CHAPTER 6
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A CASE SERIES 
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Abstract
In pregnant women with repaired Tetralogy of Fallot (ToF), reduced right ventricular 

(RV) function may lead to impaired uteroplacental circulation. We investigated 

hepatic and renal venous flow in 3 pregnant ToF patients, showing abnormal venous 

blood flow at 20-24 weeks gestation. These findings support the hypothesis that RV 

dysfunction can negatively affect placental function due to congestion.

Background
Evidence that maternal cardiac function determines placental function and thus 

pregnancy outcome is increasing, however the pathophysiology of the underlying 

mechanism remains unclear. In patients with heart failure, reduced perfusion 

and venous congestion are the most important factors for organ dysfunction.1 As 

the placenta can be seen as a temporary fetomaternal vascular organ, similar 

hemodynamic interactions between the heart and the placenta might be present. 

Our previous studies in pregnant women with several congenital heart diseases 

showed a consistent association between pre-existing subclinical right ventricular 

(RV) dysfunction and impaired uteroplacental circulation.2-4 We hypothesized that 

this might be a consequence of venous congestion. To find evidence that venous 

congestion could play an important role in the cardio-placental interaction, venous 

maternal hemodynamics were prospectively studied in 3 pregnant women with 

repaired Tetralogy of Fallot (ToF), a fairly common right sided heart disease in women in 

reproductive age. Non-invasive standardized Doppler flow examination of the hepatic 

and renal veins were performed at 20-24 weeks of pregnancy.5,6 Measurements 

included venous impedance index, calculated using the formula [(maximum velocity 

minimum velocity) / maximum velocity], and venous pulse transit time, which is the 

heart rate corrected time interval between the P top from the ECG wave and the A 

wave of the Doppler pulse wave.6,7 These parameters were considered abnormal if 

the value exceeded the 75th percentile reference values according to gestational age 

in healthy pregnant women.7



Abnormal venous hemodynamics in pregnant women with Tetralogy of Fallot

6

103   

Cases
Case 1.

A 38 year old gravida 2, para 1 woman with repaired ToF, was examined at 23+5 weeks 

gestation for her second trimester routine follow-up. Her medical history included ToF 

repair with a transannular patch at 3 years old and a percutaneous replacement of 

pulmonary valve at the age of 25. Echocardiography was preformed 4 months before 

pregnancy and revealed normal size and function of the left ventricle, RV function 

and size parameters were TAPSE 21 mm, S’10.2 cm/s, RVEDD 43 mm and RV peak 

pressure 59 mmHg. There was no pulmonary regurgitation, mild pulmonary valve 

stenosis and mild tricuspid regurgitation. At her second trimester follow-up, she was 

asymptomatic and clinically did not have signs of RV failure. She used no medication. 

Table 1 presents echocardiographic evaluation at second trimester and increased 

dimensions and peak pressure of RV were observed compared to preconception 

values. Obstetric evaluation showed no abnormalities. Hepatic and renal venous flow 

at 20-24 weeks gestation were both abnormal with elevated atrial backflow velocities 

and discontinues renal flow (Figure 1C, 1D and Table 2).

Case 2.

A 34 year old gravida 1, para 0 woman with repaired ToF, was examined at 23+2weeks 

gestation for her second trimester routine follow-up. Her medical history included ToF 

repair which included an infundibular resection with valvulotomy at 4 years old and a 

replacement of pulmonary valve at the age of 31. Echocardiography was performed 

6 months before pregnancy and revealed normal size and function of the left 

ventricle. The RV was mildly dilated with a slight reduction in function (TAPSE 19 mm, 

S’ 9.6cm/s, RVEDD 46 mm, RV peak pressure 29 mmHg). There was mild pulmonary 

regurgitation, no pulmonary valve stenosis and mild tricuspid regurgitation. At her 

second trimester follow-up, she was asymptomatic and clinically did not have signs of 

RV failure. She used no medication. Table 1 presents echocardiographic evaluation at 

second trimester with stable LV and RV function compared to preconception values. 

Obstetric evaluation showed no abnormalities. Similar to case 1, hepatic and renal 

venous flow were abnormal with elevated atrial backflow velocities and decreased 

pulse transit time parameters (Figure 1E, 1F and Table 2).
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Case 3.
A 41 year old gravida 1, para 0 woman with repaired ToF, was examined at 23+2weeks 

gestation for her second trimester routine follow-up. Her medical history included 

Fallot repairment with transannular patch at 0 years old and a replacement of 

pulmonary valve at 31 years old. Echocardiography was performed 2 months before 

pregnancy and revealed normal size and function of the left ventricle. RV function and 

size parameters were TAPSE 19 mm and RVEDD 42 mm. There was mild pulmonary 

regurgitation, no pulmonary valve stenosis and mild tricuspid regurgitation. At her 

second trimester follow-up, she was asymptomatic and clinically did not have signs of 

RV failure. She used no medication. Table 1 presents echocardiographic evaluation at 

second trimester with stable LV and RV function compared to preconception values. 

Obstetric evaluation showed no abnormalities. Again, both, hepatic and renal venous 

flow were abnormal with elevated atrial backflow velocities and discontinues renal 

flow as presented in Figure 1G, 1H and Table 2.

Table 1. Echocardiography 20-24 weeks gestation

Case 1 Case 2 Case 3
RV function
 TAPSE (mm) 22 19 18
 S’ (cm/s) 15.2 9.1 -
 FAC (%) 32 28 35
 E’ (cm/s) 16.8 17.2 -
RV dimensions
 RVEDD (mm) 48 47 39 
RV peak pressure (mmHg) 61 28 32
RA volume (mL) 67 53 63
LV systolic function
 LVEF (%) 55 52 55
LV diastolic function Normal Normal Normal
Pulmonary valve stenosis No No No
Pulmonary valve regurgitation Mild/moderate No Mild
Tricuspid valve regurgitation Mild Mild Mild
VCI diameter
 Expiration (mm) 16 20 20
 Inspiration (mm) 3 4 -
 % collaps 79 78 >50%

E’; early diastolic tissue Doppler velocity of systemic ventricular annular ring, FAC; fractional 
area change, LV; left ventricle, LVEF; left ventricular ejection fraction, RA; right atrium, RV; 
right ventricle, RVEDD; right ventricle end diastiolic diameter, S’; systolic tissue Doppler 
velocity of tricuspid annular ring, TAPSE; tricuspid annular plane systolic excursion, VCI; 
vena cava inferior.
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Table 2. Hepatic and renal venous flow at 20-24 weeks gestation

Normal values7

[IQR1 – IQR3]
Case 1 Case 2 Case 3

Impedance index
HVI 0.24 – 1.39 1.80 ↑ 1.98 ↑ 1.79 ↑
L RIVI 0.36 – 0.49 0.86 ↑ 0.71 ↑ 0.65 ↑
R RIVI 0.35 – 0.48 0.77 ↑ 0.61 ↑ 0.67 ↑
Time
Liver VPTT 0.16 – 0.30 0.17 0.17 0.12 ↓
LK VPTT 0.27 – 0.36 0.29 0.19 ↓ 0.18 ↓
RK VPTT 0.26 – 0.37 0.23 ↓ 0.20 ↓ 0.11 ↓

HVI; hepatic vein index, IQR; interquartile range, LK ; left kidney, RIVI; renal interlobular vein 
index, RK; right kidney, VPTT; venous pulse transit time. Impedance index is calculated us-
ing the formula [(maximum velocity minimum velocity) / maximum velocity]. Venous pulse 
transit time, is the heart rate corrected time interval between the P top from the ECG wave 
and the A wave of the Doppler pulse wave.6,7
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Figure 1. Hepatic and renal venous flow in pregnant women with ToF (C,E,G and D,F,H 
respectively) versus hepatic and renal venous flow in healthy pregnant women (A and B, 
respectively) at 20-24 weeks gestation. Healthy controls: A+B, Case 1: C+D, Case 2: E+F, 
Case 3: G+H. BF; backward flow, FF; forward flow. In both liver and kidneys, backward/dis-
continue flow were seen in pregnant women with ToF, which is in contrast to the forward/
continuous flow in healthy controls at 20-24 weeks gestation.
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Discussion
In this prospective case series we show for the first time 3 cases of pregnant women 

with repaired ToF with abnormal venous blood flow in the liver and kidneys during 

second trimester. This investigative case series supports the hypothesis that venous 

congestion is present in pregnant women, even when RV dysfunction is still pre-

symptomatic. Venous congestion might therefore play an important role in the 

cardio-placental interaction in pregnant women with heart disease. 

All 3 patients had abnormal hepatic and renal venous flow measurements compared 

to the flow measurements of healthy pregnant women at 20-24 weeks gestation7, 

with signs of venous congestion: 1) increased impedance index, 2) decreased pulse 

transit time and 3) discontinuous blood flow patterns. Higher impedance index is a 

result of increased retrograde intravenous rebound of right atrial contraction, which 

is known to be associated with reduced RV compliance, elevated RV end-diastolic 

pressure8, and increased volume load.9 During normal pregnancy at 20-24 weeks 

gestation, venous flow in the liver and kidney is continuous and forward flow is still 

present during right atrial contraction.5,6 This is in contrast to the discontinuous renal 

flow and tetraphasic hepatic flow patterns including atrial backward flow in our case 

series. As in patients with heart failure, this discontinuous renal venous flow is a result 

of intravascular volume expansion10, which could also be the case in this study. The 

observed venous flow abnormalities in this study have been previously associated 

with impaired RV function and/or decreased venous compliance secondary to 

intravascular volume expansion, and can be seen as signs and symptoms of venous 

congestion.

It is plausible that the observed abnormal venous patterns in the liver and kidneys 

in pregnant women with repaired ToF are also present in the venous compartment 

of the uteroplacental circulation, which may negatively affects placental function. 

Experimental studies using placental models previously have shown that increased 

venous pressure results in an increased uteroplacental resistance, leading to 

decreased uteroplacental blood flow and resulting in deformation and compression 

of the capillaries in the placental villi.11 Impaired placental circulation is in turn 

associated with adverse pregnancy outcome for both mother and child. Therefore, 

the abnormalities in venous flow found in this case series support the hypothesis 

that RV dysfunction leads to venous congestion, resulting in impaired placental 

circulation and thus negatively affect pregnancy outcome. Furthermore, these venous 

flow abnormalities are known to be associated with development of preeclampsia.11 
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Future studies are needed to evaluate the true placental effects of abnormal venous 

flow.

Interesting is that these venous abnormalities were already found in pregnant 

ToF women with borderline RV dysfunction and might suggest that women with 

subclinical RV dysfunction are already at increased risk for venous congestion and 

possible placental malfunction. In addition, signs of venous congestion were already 

detected during hepatic and renal vein examination, when vena cava inferior (VCI) 

collapse was still normal on echocardiography. This suggests that the commonly used 

VCI measurement might not be subtle enough to evaluate changes in venous flow 

during pregnancy, with its possible effects on placental function and thus pregnancy 

outcome. Doppler examination of hepatic and renal veins is non-invasive and easily 

to perform and deserves therefore further investigation to determine its clinical value 

and the possible role in improvement of risk assessment of pregnant women with 

reduced RV function.
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