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Liver stiffness in Fontan patients: 
the effect of respiration and food 
intake
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Objectives: For several years, patients with single ventricle hearts have been palliated 
according to the Fontan principle. One well known long-term consequence in 
these patients is the Fontan-associated liver disease and fibrosis, which occurs due 
to the chronically increased Central Venous Pressure (CVP) after Fontan palliation. 
It carries an increased risk of liver cirrhosis and hepatocellular carcinoma over time. 
Liver elastography (LE) is a non-invasive, safe, and feasible ultrasound method to 
determine liver stiffness and the stage of liver fibrosis. Usually, this examination must 
be performed in a sober condition and strict inspiratory hold to optimize the results 
and may therefore be difficult to perform on children as a routine examination. 
However, the influence of food intake and respiration on these results in Fontan 
patients is unclear. To optimize the implementation for this examination especially 
in children, the effects of food intake and breathing maneuvers on liver stiffness in 
patients with Fontan circulation were investigated.

Methods: For this prospective study, 25 Fontan patients (group 1) and 50 healthy 
volunteers (group 2) were examined. The two groups were additionally divided into 
two age categories (group 1a: 10–19  years; group 1b: 20–29  years; group 2a: 15–
19  years; group 2b: 20–25  years). Liver stiffness was measured by liver elastography 
once before food intake (=T0, with 6 h of fasting). Subsequently the participants 
consumed a standardized chocolate drink (500  mL) with nutritional distribution 
corresponding to a standardized meal (600  kcal). Liver stiffness was then determined 
15, 30, 45, 60, 90, 120, 150, and 180  min after ingestion. Each measurement of liver 
stiffness was performed during maximal inspiratory and expiratory holds. The study 
was reviewed and approved by the responsible ethics committee.

Results: In group 2 there was a significant increase in liver stiffness after food 
intake at T15, T30, and T45 during inspiration measurements (T0  =  4.0  kPa vs. 
T15  =  4.9  kPa, difference  =  22.5%; T0  =  4.0  kPa vs. T30  =  4.9  kPa difference  =  22.5%; 
T0  =  4.0  kPa vs. T45  =  4.3  kPa difference  =  7.5%), as well as during expiration 
at T15 and T30 (T0  =  4.5  kPa vs. T15  =  5.1  kPa, difference  =  14.7%; T0  =  4.5  kPa 
vs. T30  =  4.9  kPa difference  =  7.8%). Whereas in Fontan patients (group  1) 
liver stiffness did not differ significantly at any time between fasting (T0) and 
postprandial values. The respiratory maneuvers in the healthy subjects (group 2) 
differed significantly only before food intake (T0) (group  2: insp  =  3.97  kPa vs. 
exp.  =  4.48  kPa difference  =  11.3%). In the Fontan group (group 1), there was no 
significant difference between the respiratory phases at any point. The different 
age categories showed no significant difference in liver stiffness.

Conclusion: With these results we could demonstrate for the first time that in 
Fontan patients the time of food intake (i.e., fasting) has no clinical significance 
for the values obtained in liver elastography. We could also demonstrate that the 
breathing maneuvers during the examination had only minimal clinical impact on 
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the results of liver elastography in patients with normal circulation and no effect 
in patients with Fontan-circulation. Consequently, liver elastography for Fontan 
patients is reliable independently of food intake and breathing maneuvers and 
can also be performed on younger patients, who are unable to follow breathing 
commands or longer fasting periods, without any impairment of the results. These 
results should encourage a routine use of LE in the follow-up of Fontan patients.
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1. Introduction

Congenital heart defects represent 28% percent of all congenital 
malformations with an incidence of 11 of 1,000 newborns (1). 1.45% 
percent of these are univentricular in which an anatomical correction via 
surgery is not possible (1, 2). For palliative treatment, François 
M. F. Fontan developed the operation named after him in 1971, which 
aims to separate the pulmonary circulation from the systemic circulation. 
Thereby the mixture of oxygenated and deoxygenated blood is prevented 
and the univentricular heart relieved from volume overload (3, 4).

Due to the altered circulatory physiology in Fontan patients, 
caused by the cavopulmonary connection, the central venous pressure 
increases permanently, which leads to continuous hepatic congestion 
and thus to increased intrahepatic pressure. Histologically, the elevated 
central venous pressure leads to sinusoidal dilatation of the hepatocytes 
and increased filtration of the blood, resulting in edema in the hepatic 
sinusoids (5). These changes in the liver physiology and the increase in 
liver stiffness are well-known long-term consequences in patients with 
Fontan palliation and have been described in multiple studies (6–9).

In two independent studies, Munsterman et al. and Rathgeber et al. 
investigated the occurrence of Fontan-associated liver disease in children 
and young adults (7, 8). In 100% percent of the examined patients, they 
found fibrotic liver sinusoids (8, 9). For the diagnosis of this pathology, 
non-invasive methods such as specialized ultrasound methods exist 
today in addition to the classical biopsy. Among these methods, 
sonographic liver elastography (transient elastography, TE) has been 
established as a non-invasive and safely feasible method to assess the 
stiffness of the liver tissue. TE results were confirmed and validated using 
extensive data from cardiac catheters and liver biopsies (10).

Various factors are known to influence liver stiffness measurements, 
such as breathing, food intake or body posture. The influence of these 
factors has been demonstrated to affect TE results in both healthy and 
liver-diseased subjects. In general, patients with congenital heart 
disease were excluded from these study cohorts (11–13).

In two independent studies, Arena et  al. and Berzigotti et  al. 
examined the influence of a standardized meal in adult patients with 
chronic liver disease and demonstrated an increase in liver stiffness 
30 min postprandially (14, 15).

The effect of the respiratory phases on liver stiffness has been 
evaluated by Ling et al. and Yun et al. (12, 16) They found that liver 
stiffness values differed between natural inspiratory (3.5 ± 1.1 kPa) and 
natural expiratory (4.3 ± 1.3 kPa) postures. Liver stiffness in 
end-expiration yielded significantly higher values (12, 16).

So far, no valid data exist on the above-mentioned effects on the 
liver stiffness in patients with Fontan circulation. It is conceivable that 

due to the different hemodynamics, the influence of food intake and 
breathing may have less effect on the values obtained in elastography. 
Therefore, the purpose of this study was to investigate and compare 
the effect of food intake and the effect of respiratory phases on liver 
stiffness in Fontan patients and a healthy comparison group.

2. Methods

2.1. Ethical statement

The study was reviewed and approved according to the guidelines of 
the Declaration of Helsinki by the responsible Ethics Committee of the 
Ludwig-Maximillian’s-University Munich (Munich, Germany) (Project 
no: 21-0165, date of approval: 05.07.2021) The data protection was 
observed in accordance with the guidelines of the Ethics Commission.

2.2. Study design and subject groups

This study is a clinical trial and diagnostic study. The group 
selection was not randomized and not blinded. The results were 
collected prospectively, and all study methods were standardized and 
performed by two investigators. Fontan Patients were recruited and 
invited to participate in the study from the registry of the Department 
of Paediatric Cardiology and Paediatric Intensive Care of the LMU. A 
total of 25 patients with Fontan circulation were recruited for the 
study (group 1). To show the effect of food intake and respiration at 
normal physiological conditions, the healthy comparison group 
consisted of 50 volunteers (group 2). To assess the effect of age on liver 
stiffness, both groups were divided into two subgroups of different 
ages (group  1a: 10–19 years; group  1b: 20–29 years; group  2a: 
15–19 years; group 2b: 20–25 years) (Figure 1). All participants were 
informed in detail about the procedure and background of the study 
in advance and gave written informed consent.

2.3. Inclusion and exclusion criteria

Subjects aged between 10 and 30 years, with Fontan completion 
were recruited for group 1. There were no specific exclusion criteria 
for group  1. For group  2, healthy subjects aged between 10 and 
30 years were recruited. Here for exclusion criteria were liver disease 
(e.g., liver fibrosis, liver cirrhosis, infection, and liver tumor), other 
vascular diseases, diseases of the cardiovascular system (e.g., cardiac 
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arrhythmias, hypertension, and heart failure), metabolic diseases (e.g., 
hyperthyroidism and disorders of sugar metabolism), diseases of the 
gastrointestinal tract (e.g., gallbladder diseases, gallstones, and bile 
duct obstruction), diseases of the kidneys, diseases of the nervous 
system, mental diseases, regular drug use including nicotine and 
alcohol, obesity, subjects with regular medication use (exception: 
contraceptives), and pregnant women.

2.4. Sonography and elastography

After consent was obtained, vital signs and biometric data were 
recorded. In addition, blood flow in the hepatic vessels and the 
diameter of the inferior vena cava were determined in all subjects 
using a PW Doppler (Philips).

Subsequently, liver stiffness was measured once before food intake 
(=T0, fasting values) using elastography (FibroScan® Echosens Paris, 
Philips). This was followed by ingestion of the liquid food, whose 
nutritional values correspond to a standardized meal (14, 15, 17). 
Liver stiffness was also measured 15, 30, 45, 60, 90, 120, 150, and 
180 min after food intake. Liver stiffness was measured ten times at 
each time point in inspiratory and expiratory hold (2–4 min of 
measuring per time point). For the examination, the subjects were in 
supine position during the examinations with the transducer being 
placed in the right intercostal spaces.

2.5. Food intake

For the simulation of food intake, a 500 mL cocoa drink was used, 
based on comparable studies. The nutrient distribution is as follows: 
600 kcal, 54% carbohydrates, 17% proteins and 29% fats. This 
distribution corresponds approximately to an average meal. This 
composition was based on previously published nutritional standards 
(14, 15, 17). For Fontan patients with bronchitis plastica, an alternative 
variant with low-fat milk and MTC oil was offered. The exact 
nutritional values can be found in Table 1.

2.6. Study parameters

 - General medical history (previous illness/diagnosis, age).
 - Biometric data (height, weight, BMI).
 - Blood pressure measurement, heart rate, oxygen saturation.
 - Liver stiffness before and after food intake.
 - Blood flow in the vena portae, venae hepaticae, truncus coeliacus 

(presented as Supplementary data in Supplementary material).
 - Diameter of inferior vena cava (presented as Supplementary data 

in Supplementary material).

2.7. Statistical processing of data

Statistical analysis was performed using the Statistical Package 
for Social Sciences software (IBM SPSS version 26.0.0.1). In the 
context of descriptive statistics, mean and standard deviation were 
used to describe quantitative characteristics. Where values were not 
based on a normal distribution, median and interquartile range were 
used. In a T-test for unrelated target variables and a repeated 
measures ANOVA, values of inspiration and expiration were 
compared. For comparison of fasting and postprandial liver stiffness 
values a T-test for linked target values was applied. Statistically 
significance was set to a two-sided value of p <0.05. To all results the 
Bonferroni correction was applied.

3. Results

3.1. Patient characteristics

A total of 25 Fontan patients and 50 healthy subjects were 
included in the data analysis. The distribution of patient 
characteristics and vital signs are shown in Table  2. There were 
significant differences in the categories weight (p = 0.008), heart rate 
(p = 0.046) and oxygen saturation (p < 0.001). Liver elastography was 
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FIGURE 1

Age of the subgroups group 1a: 10–19  years; group 1b: 20–29  years; group 2a: 15–19  years; group 2b: 20–25  years.
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successfully performed in each participant. Liver stiffness is expressed 
in units of kPa.

In general, values for liver stiffness were significantly different in 
group 1 and 2. At T0 in inspiration there was a difference of 9.01 kPa 
[T (24.7) = 9.36, p = <0.002] while at T0  in expiration there was a 
difference of 10.54 kPa [T (24.9) = 10.69, p = <0.002] (Table  3; 
Figure 2). In group 1 our data showed a higher standard deviation 
than in group 2.

3.2. Food intake

3.2.1. Group 2
During inspiration in group  2 the measurements showed a 

significant increase in liver stiffness 15, 30 and 45 min after food intake 

[T15: T(49) = −11.19, p < 0.001; T30: T(49) = −8.14, p < 0.001; T45: 
T(49) = −3.16, p = 0.003]. At T30 liver stiffness was at its maximum 
(T30 = 4.9 kPa). From 60 min after food intake, liver stiffness was no 
longer above baseline and no more significant differences occurred 
(Table 4, Figures 3, 4).

When liver stiffness was measured in expiration hold, a 
significant increase was shown 15 and 30 min postprandial [T15: 
T(49) = −8.61, p < 0.001; T30: T(49) = −3.68, p < 0.001]. A significant 
decrease compared to the fasting value was shown at T90, T120, 
T150, and T180 [T90: T(49) = 2.93, p = 0.005; T120: T(49) = 3,90, 
p < 0.001; T150: T(49) = 4.01, p < 0.001; T180: T(49) = 4.10, p < 0.001]. 
At the timepoints T45 and T60 the liver stiffness did not differ 
significantly compared to T0.

3.2.2. Group 1
When comparing liver stiffness during fasting and after food intake 

in the Fontan group (group 1), the values did not differ significantly at 
any time, neither in inspiration nor in expiration (Table 5; Figures 5, 
6). No increase was shown at any time point compared to the fasting 
value (T0). The maximum change in liver stiffness occurred in 
inspiration at 90 min (0.6 kPA = 4.6%) and in expiration after 60 min 
(1.37 kPa = 9.1%).

3.3. Respiration

In group 2 there was a significant difference between the values 
measured in inspiration and expiration at T0 (fasting value). Liver 
stiffness at inspiration was measured at 3.97 kPa, while at expiration 
it was measured at 4.48 kPa [difference 0.51 kPa = 11.3%, T 
(98) = −2.9, p = 0.045]. For the other times of measurement, the 
T-Test showed no significance between inspiration and expiration 
(Tables 6, 7; Figure 2).

Overtime, the difference between inspiration and expiration was 
analyzed in a repeated measures ANOVA. In group 2 there was a 
significant change of the difference between inspiration and expiration 
between T0 and T30 (p = 0.003) and T0 and T120 (p = 0.045) [F (5.3, 
259.32) = 3.55, p = 0.003].

Meanwhile, in group 1 there was no significant difference between 
the values for liver stiffness in inspiration and expiration at any time 

TABLE 1 Nutrient distribution of the literature values and the beverage used.

Calories (kcal) Protein (g) Carbohydrates (g) Fat (g)

Reference valuea 600 25 80.8 19.6

Chocolate drink 0,5 L milkb 330 16,5 25 18

70 g cocoac 260.4 8.68 51.94 1.4

total 590.4 25.18 76.94 19.4

Alternative drink 0,5 L milkd 240 17 25.5 8

70 g cocoac 260.4 8.68 51.94 1.4

MCT oil 89.41 0 0 10.1

total 589.81 25.68 77.44 19.51

a400ml Ensure® Plus.
bcow milk with 3.5% fat.
cOvomaltine®.
dcow milk with 1.5% fat. 
The bold values represent the total nutritional values of the liquid foods compared.

TABLE 2 Descriptive statistics of main groups 1 vs. 2.

Variable Group 1 
(n =  25)

Group 2 
(n =  50)

p value

Age (years)a 18 (8) 20 (6) 0.142

Height (cm) 168 (14.5) 173 (10.2) 0.084

Weight (kg) 56 (16.5) 65 (12.7) 0.008*

BMI (kg/m2) 20 (2.8) 22 (4.1) 0.068

Systolic blood pressure (mmHg) 120 (12.6) 116 (7.3) 0.155

Diastolic blood pressure (mmHg) 72 (10.5) 74 (6.3) 0.361

Heart rate (/min) 89 (14.2) 73 (11.9) 0.046*

Oxygen saturation (%) 92 (4.2) 98 (0.9) <0.001*

BMI Body mass index, aAge is described by median and IQR due to bimodal distribution of 
values, *Statistically significant.

TABLE 3 Liver stiffness group 1 vs. group 2 at T0.

Group 1 
mean 
(SD)

Group 2 
mean 
(SD)

Relative 
change 

(%)

p value

Inspiration 12.98 (4.8) 3.97 (0.8) 69.45 < 0.002*

Expiration 15.01 (4.9) 4.48 (0.9) 70.2 < 0.002*

SD standard deviation, *Statistically significant.
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point of the examination [e.g., T0 insp = 12.98 kPa; T0 exp. = 15.01 kPa; 
difference 2.03 kPa = 13.5%, T (−1.5) = 48, p = 0.145] (Tables 6, 8; 
Figure 2).

The repeated measures ANOVA in group  1 also showed no 
significant changes in the difference between inspiration and 
expiration overtime.

3.4. Age

The main groups were divided into two subgroups of different ages. 
Thus, the effect of age on liver stiffness (T0) could be determined in 
Fontan patients and in healthy subjects. The comparison of liver 
stiffnesses during fasting in group  1a (14.2 kPa) and in group  1b 

FIGURE 2

Liver stiffness of groups 1 and 2 in inspiration vs. expiration *Statistically significant.

TABLE 4 Liver stiffness during fasting vs. after food intake in group 2.

Time points Mean/kPa (SD) Postprandial change/kPa (SD) Relative change (%) p value

Inspiration T0 4,0 (0,81)

T15 4,9 (0,95) −0,9 (0,56) 22.5 < 0.001*

T30 4,9 (1,04) −0,9 (0,78) 22.5 < 0.001*

T45 4,3 (0,91) −0,3 (0,77) 7.5 0.024*

T60 4,0 (0,76) −0,1 (0,66) 2.5 > 0.999

T90 4,0 (0,65) 0,0 (0,62) 0.0 > 0.999

T120 4,0 (0,64) 0,0 (0,55) 0.0 > 0.999

T150 3,9 (0,61) 0,1 (0,60) 2.5 > 0.999

T180 3,9 (0,67) 0,0 (0,57) 0.0 > 0.999

Expiration T0 4,5 (0,94)

T15 5,1 (0,96) −0,66 (0,55) 14.7 < 0.001*

T30 4,9 (1,04) −0,38 (0,74) 7.8 0.005*

T45 4,4 (0,74) 0,04 (0,72) 0.9 > 0.999

T60 4,3 (0,83) 0,21 (0,64) 4.7 0.176

T90 4,2 (0,63) 0,29 (0,69) 6.5 0.04*

T120 4,1 (0,68) 0,35 (0,64) 7.8 0.002*

T150 4,2 (0,66) 0,31 (0,54) 6.9 0.002*

T180 4,1 (0,58) 0,36 (0,63) 8.0 0.001*

SD Standard deviation, *Statistically significant.
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(13.7 kPa) showed no statistically significant difference (Figure 7). The 
liver stiffnesses of group 2a (4.4 kPa) and group 2b (4.1 kPa) was also 
not significantly different. In addition, the regression analyses did not 
reveal a statistically significant correlation between liver stiffness and 
age in any group (group 1: R2 = 0.011; group 2: R2 = 0.057).

4. Discussion

4.1. FALD and liver elastography

Due to the lack of a subpulmonary ventricle, Fontan patients 
routinely present with increased central venous pressure and blood 
backing up into the liver. These factors can lead to complications such 

as Fontan-associated liver disease (FALD), bronchitis plastica, protein-
losing enteropathy, and even failing Fontan during its course (18).

Beside the gold standard, i.e. liver biopsy, liver ultrasonography is 
used in the follow-up of Fontan patients as a diagnostic procedure for 
liver fibrosis and cirrhosis. It is a non-invasive and safe procedure that 
measures liver stiffness sonographically (10). In patients with a healthy 
heart and circulation, this procedure has been adequately evaluated 
for accuracy, confounding variables, and utility (19). The results of 
liver stiffness and biopsy were compared in 100 subjects by Jain. et al. 
Here, liver elastography was found to have a sensitivity of 90.3% and 
a specificity of 89.5% in the presence of significant fibrosis (F > 2) (20). 
Also, Castera et al. and and Foucher et al. defined cutoff values for the 
stages of fibrosis based on the METAVIR Fibrose-Score. The described 
values were for F0/F1 = 2.5–7.2 kPa, F2 = 7.2–12.5 kPa, 

FIGURE 3

Liver stiffness during fasting vs. after food intake in group 2 during inspiration. *Statistically significant.

FIGURE 4

Liver stiffness during fasting vs. after food intake in group 2 during expiration. *Statistically significant.
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F3 = 12.5–17.6 kPa, F4 = > 17.6 kPa (21, 22). Among the confounding 
variables identified are food intake, respiration, and age. For example, 
the research by Berzigotti et al. showed a postprandial increase in liver 
stiffness from 40.7 kPa to 51.2 kPa 30 min after food intake (15). For 
this reason, it is currently recommended that liver elastography is 
performed in a fasting state (23, 24). In addition, Yun et al. found a 
significant difference in liver stiffness between expiratory and 
inspiratory phases (exp: 8.7 kPa vs. insp: 7.9 kPa) in their study of 123 
subjects (16). The effect of age on liver stiffness is weighted differently 

in current studies and remains incompletely elucidated (25, 26). In 
Fontan patients, neither the influence of age nor the influence of 
respiration and food intake on liver stiffness has been validated so far.

4.2. Food intake

To address these questions, our study examined 25 patients after 
Fontan completion by liver elastography in the fasting state and after 

TABLE 5 Liver stiffness during fasting vs. after food intake in group 1.

Time points Mean/kPa (SD) Postprandial change/kPa (SD) Relative change (%) p value

Inspiration T0 13,0 (4,78)

T15 12,9 (3,99) 0,1 (2,22) 0,8 > 0.999

T30 13,0 (4,19) 0,0 (2,15) 0,0 > 0.999

T45 12,5 (3,62) 0,4 (3,00) 3,1 > 0.999

T60 12,4 (3,52) 0,6 (2,75) 4,6 > 0.999

T90 12,3 (3,68) 0,6 (3,18) 4,6 > 0.999

T120 12,8 (3,80) 0,2 (3,35) 1,5 > 0.999

T150 12,6 (3.86) 0,3 (2,80) 2,3 > 0.999

T180 12,8 (3,41) 0,2 (3,29) 1,5 > 0.999

Expiration T0 15,0 (4,88)

T15 14,2 (3,97) 0,78 (2,63) 5,2 > 0.999

T30 13,7 (3,56) 1,28 (2,89) 8,5 0.288

T45 13,6 (3,37) 1,36 (3,31) 9,0 0.408

T60 13,6 (3,36) 1,37 (3,21) 9,1 0.344

T90 13,9 (3,35) 1,12 (3,06) 7,5 0.632

T120 14,1 (3,19) 0.87 (3,53) 5,8 > 0.999

T150 13,9 (3,26) 1,08 (3,67) 7,2 0.984

T180 14,5 (3,37) 0,50 (3,72) 3,3 > 0.999

SD standard deviation.

FIGURE 5

Liver stiffness during fasting vs. after food intake in group 1 during inspiration.
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ingestion of a standardized meal and in the inspiratory and expiratory 
positions. For comparison, a group of 50 healthy subjects was 
examined under the same conditions.

The healthy subjects showed a typical postprandial increase in 
liver elastography values that was significant for the first 45 min 
during inspiration measurements and for the first 30 min during 
expiration measurements. The maximum was reached after 30 min 
(T30 = 4.9 kPa) in inspiration and after 15 min (T15 = 5.1 kPa) in 
expiration position. This corresponds to relative changes of 22.5% 
and 14.7% and indicates a clinically relevant difference. In contrast, 

the decreases in liver stiffness during expiration measurements at the 
time points T90 (6.5%), T120 (7.8%), T150 (6.9%), and T180 (8.0%) 
were clinically negligible. The increase in liver stiffness after meal 
ingestion has been described in other studies and can be explained 
by increased postprandial blood flow to the liver (14, 15, 23). Thus, 
also Alvarez et al. showed an increase from 7.8 kPa to 10.3 kPa 30 min 
postprandially in adult patients (23).

In contrast, the group of Fontan patients did not show a significant 
change in liver stiffness at any time point after food intake, neither in 
inspiration nor in expiration measurements. These results can 
be explained by the fact that in Fontan patients, due to chronic blood 
stasis in the liver, postprandial hyperemia cannot contribute to increased 
liver stiffness. The study presents the first scientific documentation of the 
lack of increased liver stiffness following food intake in Fontan patients.

4.3. Respiration

For each of the nine measurement timepoints, liver stiffness was 
evaluated in inspiration and expiration. Physiologically, during 
inspiration the thoracic and intrapleural pressure lowers by expansion 
of the thorax through the breathing muscles, which creates an increase 
of venous return to the right heart (27). By Yun et al. it was reported that 
this increase in venous return leads to a significantly higher flow velocity 
in the hepatic veins than during expiration, where thoracic pressure 
rises leading to a decrease of blood flow to the heart and thereby leading 
to an elevation in intrahepatic blood volume which ultimately results in 
an increase of liver stiffness, that can be measured (12, 16).

As seen in our study, values for liver stiffness in expiration were 
generally higher than values measured in inspiration, which is 
consistent with results of other studies (12, 16). Values measured in 
group  2 showed a significant difference between inspiration and 
expiration at T0 (T0 insp = 3.97 kPa, T0 exp. = 4.48 kPa, difference 
0.51 kPa). Except for the fasting value, no other measurement time 
point showed any significant difference. This could be influenced by 
the additional effect of meal ingestion on liver stiffness.

FIGURE 6

Liver stiffness during fasting vs. after food intake in group 1 during expiration.

TABLE 6 Liver stiffness inspiration vs. expiration for group 1 and 2 at T0.

Inspiration 
(kPa) mean 

(SD)

Expiration 
(kPa) mean 

(SD)

Relative 
change 

(%)

p 
value

Group 1 12.98 (4.8) 15.01 (4.9) 13.5 0.145

Group 2 3.97 (0.8) 4.48 (0.9) 11.3 0.01*

*Statistically significant.

TABLE 7 Liver stiffness in inspiration vs. expiration group 2.

Inspiration 
mean (SD)

Expiration 
mena (SD)

p value

T0 3.97 (0.8) 4.47 (0.9) 0.045*

T15 4.86 (1.0) 5.14 (1.0) 0.93

T30 4.87 (0.9) 4.86 (1.0) 0.968

T45 4.32 (0.9) 4.43 (0.7) 0.968

T60 4.07 (0.8) 4.26 (0.8) 0.93

T90 3.97 (0.7) 4.19 (0.6) 0.609

T120 3.96 (0.6) 4.12 (0.7) 0.93

T150 3.85 (0.6) 4.17 (0.7) 0.12

T180 3.94 (0.7) 4.11 (0.6) 0.93

*Statistically significant.
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The Fontan patients in group 1 showed no significant difference 
between inspiration and expiration at any point during the study. 
Since the Fontan’s physiology leads to a chronically increased Central 
Venous Pressure it is possible that the physiological pressure gradients 
during inspiration and expiration do not affect the liver stiffness in 
Fontan patients. However, the lack of a significant difference between 
the values for inspiration and expiration in group 1 could also be due 
to the higher standard deviation. For a more detailed evaluation of 
this, further studies with a bigger sample size need to be performed.

These results could mean that liver elastography does not have to 
be performed in a specific phase of respiration in Fontan patients and 
is therefore also applicable to smaller children and patients who 
cannot follow breathing commands, with the results still being reliable.

4.4. Age

No significant difference in liver stiffness was shown between the 
subgroups. In our patient collective, there was no correlation between 
age and liver stiffness. This correlation is evaluated differently on 

healthy subjects in the current data (25, 26, 28). Tokuhara et al. studied 
preschoolers, elementary school students, and adolescents and 
described a statistically significant correlation between age and liver 
stiffness. The values increased from 3.4 kPa to 3.8 kPa and 4.1 kPa 
(25). In contrast, Sirli et al. described no age differences with respect 
to liver elastography results (28). However, no Fontan patients were 
studied here. In subjects with Fontan circulation, one suspects an 
increasing liver stiffness during life due to the chronic progressive 
hemodynamic influences. Here for further studies with a larger patient 
population of Fontan patients are necessary.

5. Conclusion

In contrast to the healthy comparison cohort, no variations in 
liver stiffness measured by ultrasound elastography were found in the 
Fontan patients under the influence of food intake and respiration. To 
the best of our knowledge, this is the first time that the clinical 
irrelevance of food intake and respiration in liver elastography of 
Fontan patients has been demonstrated. Especially for children this 
means a considerable relief for the future performance of liver 
elastography on Fontan patients, because fasting and respiratory 
maneuvers are no longer mandatory. To further optimize the 
follow-up of Fontan patients, additional studies on the performance 
and influencing factors of liver elastography are necessary. 
Furthermore, multicenter studies are important to establish cut-off 
values of liver stiffness depending on age and Fontan pathology.

5.1. Limitations

There are several limitations to this study. A total of 25 Fontan 
patients were recruited from the registry of the Department of 
Pediatric Cardiology and Pediatric Intensive Care of the LMU. This 
number can be considered relatively small. Therefore, no statements 
could be  made about the differences in the subtypes of the 

TABLE 8 Liver stiffness in inspiration vs. expiration group 1.

Inspiration 
mean (SD)

Expiration 
mean (SD)

p value

T0 12.98 (4.8) 15.01 (4.9) >0.999

T15 12.86 (4.0) 14.23 (4.0) >0.999

T30 13.01 (4.2) 13.72 (3.6) >0.999

T45 12.54 (3.6) 13.65 (3.4) >0.999

T60 12.38 (3.5) 13.63 (3.4) >0.999

T90 12.34 (3.7) 13.89 (3.4) >0.999

T120 12.80 (3.8) 14.14 (3.2) >0.999

T150 12.63 (3.9) 13.93 (3.3) >0.999

T180 12.81 (3.4) 14.50 (3.4) 0.765

p = 0,165p = 0,782

FIGURE 7

Liver stiffness (T0) in the subgroups of different age.
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univentricular heart disease. The sample size calculation was based in 
values from the available literature. Since there are no studies on 
changes in liver stiffness during food intake and respiration in Fontan 
patients, the standard deviation was chosen smaller than what was 
later found in our data. Because of the small prevalence of Fontan 
patients, multicenter studies are needed for this. In addition, the 
amount of the drink was not adapted to the characteristics of the 
subjects. Younger patients with a lower BMI may respond differently 
to food intake than older patients with a higher BMI. Furthermore, 
the breathing maneuvers were performed by the subjects themselves 
and could therefore not be accurately compared.
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