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Abstract Although liver fibrosis causes significant mor-

bidity in the late postoperative period of the Fontan procedure,

the diagnostic value of hyaluronic acid (HA), a serum marker

of liver fibrosis, has not been established in Fontan patients.

The purpose of this study was to determine whether increased

serum HA concentration in Fontan patients is associated with

an increase in inspiratory-to-expiratory flow rate ratio (Qin/

Qex) of the portal vein (PV), which is indicative of liver

fibrosis. We retrospectively studied 28 consecutive patients

with Fontan circulation who underwent cardiac catheterisation

for various indications. The median age at examination was

5.5 years (range 2.2–5.6). The median HA concentration was

17.7 ng mL-1 (range 10.0–82.1), which was used to divide our

28 patients into two groups. Patients in the high-HA group had

significantly greater Qin/Qex of the PV than those in the low-

HA group (1.25 ± 0.12 vs. 1.12 ± 0.11, p \ 0.05). Platelet

counts were significantly lower in the high-HA group

(216 ± 74 vs. 294 ± 104 9 109 L-1, p \ 0.05). No signifi-

cant difference was found in inferior vena caval pressure. In

conclusion, increase of HA concentration in Fontan patients

accompanies the change in PV hemodynamics peculiar to liver

cirrhosis and might be an early indicator of liver fibrosis.
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Fontan circulation has become established as the definitive

palliation in patients with a functionally univentricular

heart [10]. A chronically increased systemic venous pres-

sure inherent in Fontan circulation leads to chronic hepatic

congestion, which has a profibrotic effect and results in

progressive sinusoidal collagen deposition in a perivenular

distribution [23]. Along with the improved survival of

patients with Fontan circulation, there is growing evidence

that it is not uncommon for Fontan patients in the late

postoperative period to develop liver fibrosis, even in the

absence of a failing Fontan circulation, as has been shown

in studies based on autopsy [11], biopsy specimens [17,

22], and radiological imaging [3, 4, 29].

Although the noninvasive diagnosis of liver fibrosis at

an early stage is important, standard biochemical indices of

liver hepatic dysfunction remain normal or only minimally

increased, and no laboratory examination has been estab-

lished as an indicator of liver fibrosis in patients with

Fontan circulation [8, 16]. Hyaluronic acid (HA), a high

molecular-weight glycosaminoglycan synthesized by mes-

enchymal cells, has been reported as a reliable marker that

can predict liver fibrosis in children with various liver

diseases [5, 12, 18]. However, the diagnostic value of

serum HA concentration in patients with Fontan circulation

remains to be determined.

The purpose of this study was to test the hypothesis that

Fontan patients with increased serum HA concentration

show changes in hepatic function test results and portal

vein (PV) hemodynamics that are indicative of liver

fibrosis or cirrhosis.

Materials and Methods

We retrospectively reviewed 28 consecutive patients (14 males,

14 females) with Fontan circulation who underwent postoper-

ative cardiac catheterisation for various indications at our
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institution. All patients underwent laboratory investigations and

echocardiographic evaluation before cardiac catheterisation. In

addition, all patients were screened for ultrasonographic chan-

ges peculiar to liver cirrhosis, including surface nodularity of the

liver and parenchymal heterogeneity [25]. The institutional

Ethics Committee approved our retrospective study, and written

informed consent was obtained from all patients.

Laboratory Investigations

Serum levels of total bilirubin, aspartate aminotransferase

(AST), alanine aminotransferase (ALT), cholinesterase,

gamma-glutamyltranspeptidase, and total cholesterol were

measured using standard methods. Coagulation tests were

not included in the analysis because of the varied antico-

agulant medication among our patients. Plasma brain

natriuretic peptide concentration was measured by fluo-

rescence-enzyme immunoassay (E test TOSOH II; Tosoh

Corp., Tokyo, Japan). Serum HA was measured using a

latex agglutination–turbidimetric immunoassay kit (LPIA

Ace HA; Fujirebio Inc., Tokyo, Japan), the HA-detection

limit of which is 10 ng mL-1. Although the normal adult

value for serum HA is \50 ng mL-1, normal values in

children have not been determined. Judging from previous

reports, the upper limit of serum HA concentration in

healthy children would not exceed 30 ng mL-1 [12, 18]. In

the current study, we divided our patients into two groups

using the median value of serum HA concentration.

Assessment of PV Hemodynamics by Ultrasonography

To assess PV hemodynamics, we calculated the inspiratory-

to-expiratory flow rate ratio (Qin/Qex) of the PV by using

Doppler recordings [13–15]. Measurements were made with

a Philips IE33 ultrasound system (Philips Medical Systems,

Andover, MA) using a 5- or 8-MHz transducer. Respiratory

and electrocardiography monitoring data were simulta-

neously recorded. Pulsed-wave Doppler recordings in the PV

were obtained at the main portal trunk while the patient was

breathing quietly in the supine position. The respiratory

effect on mean flow rate of the PV was computed as previ-

ously described by Hsia et al. [13–15]. In brief, the velocity

time integral (VTI) for the inspiratory phase (VTIin) and the

expiratory phase (VTIex) of the respiratory cycle was eval-

uated, as well as the time interval for inspiration (Tin) and

expiration (Tex) (Fig. 1). In patients with Fontan circulation,

it can be assumed that the cross-sectional area of the PV

(A) is constant through respiration owing to the high venous

pressure. Therefore, the mean flow rate during the inspira-

tory phase (Qin) and the expiratory phase (Qex) could be

calculated by using the following equations:

Qin ¼ VTIin � A=Tin; Qex ¼ VTIex � A=Tex

The effect of respiration on flow rate was expressed as

the Qin/Qex:

Qin=Qex ¼ VTIin=Tinð Þ � Tex=VTIexð Þ

The Qin/Qex values of the PV were measured from

three full respiratory cycles, and the results for each of the

measurements were averaged. All measurements were

performed by one of the researchers who was blinded to the

clinical data of the patient.

Cardiac Catheterization

All patients underwent cardiac catheterisation with intra-

venous anaesthesia and maintained spontaneous respiration

on ambient air. The hemodynamic data obtained included

inferior vena caval pressure and end-diastolic pressure of

the systemic ventricle. The Nakata index was also mea-

sured during cardiac catheterisation.

Statistical Analysis

Data are expressed as frequencies, means ± SDs, or as

medians and ranges as appropriate. Differences in the

categorical variables between groups were tested with

Fisher’s exact test. Differences in the continuous variables

were analyzed by Mann–Whitney U test. A p-value of

\0.05 was considered statistically significant. All analyses

were performed using R version 2.13.0.

Results

Patient Characteristics

The demographic characteristics of our patients are listed

in Table 1. The median age at cardiac catheterisation was

5.5 years (range 2.2–25.6), and the median time interval

Fig. 1 Pulsed-wave Doppler recording of portal venous flow. The

tracing at the bottom is the simultaneous respiratory recording, which

allowed distinguishing the onset of the inspiratory phase (downward-

pointing arrowheads) and the expiratory phase (upward-pointing

arrowhead). For flow rate calculation, we measured VTIin and VTIex

as well as Tin and Tex
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between the Fontan procedure and cardiac catheterisation

was 2.2 years (range 0.3–20.0). Fontan procedures without

fenestration (26 extracardiac conduit, 1 lateral tunnel, and 1

atriopulmonary connection) were performed at a median

patient age of 2.3 years (range 1.6–8.4). Of 26 patients

with extracardiac conduit, 3 underwent emergent creation

of fenestration within 48 hours after the Fontan procedure.

At cardiac catheterisation, 25 patients (89 %) were in New

York Heart Association (NYHA) functional class I, and 3

patients (11 %) were in NYHA functional class II. All

patients were in sinus rhythm except for 1 patient (patient

no. 23) who had intra-atrial re-entrant tachycardia. Cardiac

catheterisation measurements were unavailable for this

patient because he underwent catheter ablation for the

intra-atrial re-entrant tachycardia, and pressure study was

not performed. Inferior vena caval pressure was not mea-

sured in another patient (patient no. 16) because of an

interrupted inferior vena cava. None of the patients had

other known causes of liver diseases, such as hepatitis B,

hepatitis C, autoimmune hepatitis, and drug-induced liver

injury. On abdominal ultrasonography, none of the patients

showed evidence of liver cirrhosis.

Comparison Between High- and Low-HA Groups

The median value of serum HA concentration was

17.7 ng mL-1 (range 10.0–82.1), which was used to divide

our 28 patients into two groups (i.e., low-HA group and

high-HA group). By definition, serum HA concentration was

significantly increased in the high-HA group [median

29.3 ng mL-1 (range 18.4–82.1) vs. median 11.0 ng mL-1

(range 10.0–17.0), respectively; p \ 0.0001]. Patient char-

acteristics, laboratory data, and hemodynamic measurements

for both groups are listed in Table 2.

Patient ages at examination and at Fontan procedure, as

well as time interval since Fontan, were not different

between the low- and the high-HA groups. There was no

significant difference in patient body weight and oxygen

saturation under ambient air. All of the three patients with

NYHA functional class II belonged to the high-HA group.

Laboratory examination showed that platelet counts

were significantly decreased in the high-HA group

(216 ± 74 vs. 294 ± 104 9 109 L-1, respectively;

p \ 0.05). Regarding the other indices of hepatic function,

there was no significant difference in the serum level of

total bilirubin, AST, ALT, cholinesterase, gamma-gluta-

myltranspeptidase, and total cholesterol between the low

and high HA groups. There was also no significant dif-

ference in plasma brain natriuretic peptide concentration

between the two groups. The degree of aortic regurgitation

and atrioventricular regurgitation was similar in the two

groups.

Although inferior vena caval pressure tended to be

greater in the high-HA group, the difference did not reach

statistical significance. Other cardiac catheterisation mea-

surements, including end-diastolic pressure of the systemic

ventricle and the Nakata index, were similar in the two

groups.

Flow rate calculations of the PV showed that patients in

the high-HA group had significantly increased Qin/Qex of

the PV compared with those in the low-HA group

(1.25 ± 0.12 vs. 1.12 ± 0.11, respectively; p \ 0.05,

Fig. 2a). In addition, statistical significance was maintained

even after we confined the analysis to patients with inferior

vena caval pressure \15 mmHg (Qin/Qex of the PV,

1.22 ± 0.08 for the high-HA group vs. 1.10 ± 0.09 for the

low-HA group; p \ 0.05, Fig. 2b).

Discussion

We found that in Fontan patients of NYHA functional class

I and II, high serum HA concentration was associated with

decreased platelet count and pronounced inspiratory aug-

mentation of the portal venous flow rate. Our results sug-

gested that increase of serum HA concentration in Fontan

patients accompanies a change in PV hemodynamics sim-

ilar to that in patients with cirrhosis of the liver, and

therefore, it might be an early indicator of liver fibrosis.

HA as a Marker of Liver Fibrosis

Our patients, all of whom were in hemodynamically stable

Fontan circulation with NYHA functional class I and II,

showed varied serum HA concentrations ranging from 10.0

to 82.1 ng mL-1. HA acid is a component of the extra-

cellular matrix, and liver fibrosis stimulates the synthesis of

HA in hepatic mesenchymal cells. At the same time, the

clearance of HA from circulation is impaired owing to the

decreased permeability of the sinusoidal endothelial cells

in the presence of liver fibrosis [9]. Several studies previ-

ously showed that serum HA concentration predicted liver

fibrosis in adult patients with chronic hepatitis [27, 30] as

well as in pediatric patients with nonalcoholic fatty liver

disease [18], beta-thalassemia major [5], and various liver

diseases [12].

Although the normal values in children and changes with

advancing age have not been confirmed for serum HA

concentration, a previous study reported that the normal

value for HA in children was \30 ng mL-1 [12]. Another

study in children with nonalcoholic fatty liver disease

showed that the median serum HA concentration in patients

with biopsy-confirmed liver fibrosis was 20.5 ng mL-1

(interquartile range 19.5–34.8) [18], which was significantly

greater than that in patients without fibrosis. Therefore, we
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considered that the serum HA concentrations [median

29.3 ng mL-1 (range 18.4–82.1)] in the high-HA group had

clinical relevance and that it was reasonable to compare the

two groups that were divided at the median value of serum

HA concentration.

HA and PV Hemodynamics

Our study showed that Fontan patients with increased

serum HA concentration had pronounced inspiratory aug-

mentation of the portal venous flow rate. This alteration in

PV hemodynamics is considered to represent fibrotic

change of the liver.

In the normal population, portal venous flow decreases

during inspiration as the descending diaphragm compresses

the compliant and easily collapsible portal venules and

hepatic sinusoids [19]. As a result, the Qin/Qex of the PV is

\1 in the normal population [13]. Because the cirrhotic

liver is firmer and less collapsible than the normal liver, the

decrease in portal venous flow during inspiration becomes

less prominent: A previous study with magnetic resonance

imaging showed that maximal inspiration caused a 13.5 %

decrease in PV flow in cirrhotic patients compared with a

24.6 % decrease in healthy controls [24].

In Fontan patients, more blood flow is observed in the PV

during inspiration than during expiration [13], and the Qin/

Qex of the PV is C1. The chronically increased central venous

pressure inherent in Fontan circulation leads to hepatic con-

gestion, increased sinusoidal pressure, and decreased hepatic

compressibility. As a result, sinusoids remain patent during

inspiration and act as fluid-filled tubes. Because most of the

hepatic venous flow is driven during inspiration, portal

Table 1 Demographic characteristics of patients

Patient Sex Age

(years)

Time since

Fontan (years)

Diagnosis Fontan type NYHA

functional

class

Serum HA

(ng mL-1)

Qin/Qex

of the PV

IVC

pressure

(mmHg)

1 Male 3.2 1.0 TA EC I \10.0 1.00 12

2 Male 4.3 1.0 HLHS EC with fenestration I \10.0 1.14 12

3 Female 3.4 1.3 SRV EC I \10.0 1.27 16

4 Female 3.3 0.9 SLV EC I \10.0 1.19 9

5 Male 3.2 0.9 TGA EC I \10.0 0.98 11

6 Female 6.5 4.2 HLHS variant EC I \10.0 1.10 10

7 Male 5.7 1.2 HLHS EC I 10.6 0.96 14

8 Male 8.0 4.2 SRV EC I 11.3 1.10 12

9 Male 16.9 12.6 SLV EC I 11.9 1.05 13

10 Female 2.8 0.3 SRV EC I 14.9 1.24 10

11 Male 8.8 6.3 PA/IVS EC I 15.3 1.13 12

12 Female 2.2 0.5 DORV, PA, MS EC with fenestration I 15.6 1.18 11

13 Male 5.8 3.8 DILV EC I 15.6 1.10 9

14 Female 3.2 0.9 SRV EC I 17.0 1.30 15

15 Male 3.2 1.2 SRV EC I 18.4 1.23 15

16 Male 19.0 10.8 SRV EC I 21.1 0.97 NA

17 Male 6.8 2.9 Hypoplastic RV, TS, PS EC I 22.7 1.25 9

18 Male 3.8 0.4 SRV EC I 24.3 1.28 13

19 Female 5.3 2.4 SLV EC I 24.4 1.18 20

20 Female 4.0 2.0 HLHS EC I 25.2 1.06 12

21 Female 6.2 4.6 SRV EC with fenestration I 27.1 1.29 16

22 Female 19.4 10.9 DILV EC II 31.5 1.27 12

23 Male 25.8 19.7 TA APC II 31.6 1.38 NA

24 Female 13.1 11.2 SRV EC I 33.4 1.48 16

25 Female 2.3 0.3 SRV EC I 38.1 1.26 11

26 Female 7.5 5.3 SRV EC I 45.1 1.22 12

27 Male 15.3 9.9 PA/IVS LT II 50.7 1.24 16

28 Female 2.4 0.5 HLHS EC I 82.1 1.33 18

APC atriopulmonary connection, DILV double-inlet left ventricle, DORV double-outlet right ventricle, EC extracardiac conduit, HLHS hypoplastic left

heart syndrome, IVC inferior vena cava, LT lateral tunnel, MS mitral stenosis, NA not available, PA pulmonary atresia, PA/IVS pulmonary atresia with

intact ventricular septum, PS pulmonary stenosis, RV right ventricle, SLV single left ventricle, SRV single right ventricle, TA tricuspid atresia, TGA

transposition of the great arteries, TS tricuspid stenosis
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venous flow becomes dominant during inspiration in concert

with an increased hepatic venous flow [13].

In Fontan patients with fibrotic change of the liver, portal

venules and hepatic sinusoids would become even less col-

lapsible, and inspiratory augmentation of the portal venous

flow would be more prominent. Therefore, the significantly

greater Qin/Qex of the PV observed in our high-HA patients

indicates fibrotic change of the liver. The significantly lower

platelet counts support the presence of liver fibrosis in the

high-HA group considering that thrombocytopaenia is a

common feature of chronic liver disease [2]. Our results

suggested that increase of serum HA concentration in Fontan

patients might be useful as an indicator of liver fibrosis.

PV hemodynamics could also be influenced by factors

other than fibrotic change of the liver. It has been well

described that the inspiratory augmentation of portal

venous flow becomes more prominent in patients with

functionally poorer Fontan circulation [14]. The study by

Hsia et al. [14] showed that the Qin/Qex of the PV was

significantly increased in Fontan patients with inferior

vena caval pressure C15 mmHg than in those with infe-

rior vena caval pressure \15 mmHg (1.4 ± 0.5 vs.

Table 2 Clinical characteristics, laboratory data, and hemodynamic measurements of the low- and high-HA groups

Variables Low-HA group (n = 14) High-HA group (n = 14) p

HA (ng mL-1) 11.0 (10.0–17.0)a 29.3 (18.4–82.1) \0.0001*

Age at examination (years) 3.9 (2.2–17.0) 6.5 (2.3–25.6) 0.18

Age at Fontan procedure (years) 2.3 (1.7–4.5) 2.4 (1.6–8.4) 0.98

Interval since Fontan procedure (years) 1.1 (0.3–12.6) 3.8 (0.3–19.7) 0.17

Body weight at examination (kg) 13.8 (9.5–53.2) 19.1 (11.0–70.9) 0.1

SpO2 C 92 13 (93 %) 10 (71 %) 0.32

SpO2 \ 92 1 (7 %) 4 (29 %)

NYHA functional class I 14 (100 %) 11 (79 %) 0.22

NYHA functional class II 0 3 (21 %)

Degree of aortic regurgitation

None 10 (71 %) 9 (64 %) 1

Mild 4 (29 %) 5 (36 %)

Degree of atrioventricular valve regurgitation

None 9 (64 %) 9 (64 %) 0.43

Mild 3 (22 %) 5 (36 %)

Moderate 2 (14 %) 0 (0 %)

T-Bil (mg dL-1) 0.7 (0.5–1.4) 0.7 (0.4–5.4) 0.85

AST (IU L-1) 37.1 ± 7.8 36.4 ± 11.8 0.42

ALT (IU L-1) 21.4 ± 5.4 22.1 ± 8.6 0.87

ChE (IU L-1) 314 (214–547) 279 (209–361) 0.21

GGTP (IU L-1) 47 (22–205) 53.5 (22–161) 0.18

T-Chol (mg dL-1) 126.9 ± 24.9 120.0 ± 21.1 0.48

Platelet count (9109 L-1) 294 ± 104 216 ± 74 \0.05*

Plasma BNP level (pg mL-1) 11.0 (4.9–59.3) 25.2 (4.0–163.3) 0.51

Qin/Qex of the PV 1.12 ± 0.11 1.25 ± 0.12 \0.05*

IVC mean pressure (mmHg) 11.9 ± 2.1 14.2 ± 3.2b 0.054

\15 12 (86 %) 6 (43 %) 0.058

C15 2 (14 %) 6 (43 %)

Unknown 0 2 (14 %)

End-diastolic pressure of the systemic ventricle (mmHg) 6.0 ± 1.9 7.1 ± 1.9c 0.27

Nakata index (mm2 m-2) 205 ± 55 197 ± 89c 0.53

BNP brain natriuretic peptide, ChE cholinesterase, GGTP gamma-glutamyltranspeptidase, IVC inferior vena cava, SpO2 percutaneous oxygen

saturation, T-Bil total bilirubin, T-Chol total cholesterol, ALT alanine aminotransferase, AST aspartate aminotransferase

* Statistically significant
a Data are presented as means ± SDs, medians (ranges), or n (%)
b Data are available in 12 patients
c Data are available in 13 patients

Pediatr Cardiol

123



1.0 ± 0.3, p \ 0.05). The same trend was also observed

in patients with NYHA functional class III/VI compared

with those with class I/II (1.3 ± 0.5 vs. 1.0 ± 0.3,

p \ 0.05).

In our patients, inferior vena caval pressure might also

have affected PV hemodynamics. However, inferior vena

caval pressure did not differ significantly between the low-

and high-HA groups. In addition, the statistical significance

of the difference of the PV hemodynamics was maintained

even after we confined the analysis to patients with inferior

vena caval pressure \15 mmHg. Therefore, we attributed

the difference in PV hemodynamics to the presence of liver

fibrosis.

Liver Fibrosis in Fontan Circulation

Along with the improved survival of patients with Fontan

circulation, much attention has been paid recently to liver

fibrosis in Fontan patients [21]. Previous reports suggested

that patients with a failing Fontan circulation, who also had

markedly increased systemic venous pressure, were at risk

of developing liver fibrosis [11, 17]. However, there is

growing evidence that liver fibrosis is frequently observed

among Fontan patients in the late postoperative period [3,

4, 22, 29]. Liver fibrosis would cause significant morbidity

and mortality in Fontan patients. Fontan-associated liver

fibrosis could ultimately result in hepatocellular carcinoma

[11]. A high perioperative mortality rate was reported in

Fontan patients with cirrhosis who underwent surgical

conversion to total cavopulmonary connection [1].

Although the noninvasive diagnosis of liver fibrosis at an

early stage is important, Fontan-associated liver disease

appears to develop slowly and subclinically in most

patients [21], and the standard biochemical indices of liver

hepatic dysfunction remains normal or only minimally

increased in Fontan patients [23]. Some reports pointed to

the applicability of noninvasive liver function tests for the

longitudinal assessment of hepatic function in Fontan

patients, such as gamma-glutamyltranspeptidase level [16,

20] and type IV collagen 7 s domain level [8, 20].

Although scoring systems, including the Forns index [6],

the FIB-4 index [26], and AST-to-platelet ratio index [28],

have been reported to be useful in predicting hepatitis-

induced liver fibrosis in adults, few studies have delved

into the diagnostic utility of these indices in children or

patients with Fontan circulation [3].

In our present study, none of the Fontan patients had

ultrasonographic changes peculiar to liver cirrhosis,

including surface nodularity of the liver and parenchymal

heterogeneity. In addition, the results of routine hepatic

function tests remained almost normal in many patients.

Nonetheless, Fontan patients with increased serum HA

concentration had alteration in PV hemodynamics that was

characteristic of liver fibrosis, which highlights the diag-

nostic value of serum HA concentration as an early indi-

cator of liver fibrosis.

It is of note that the high serum HA group contained

three very young children who had undergone a Fontan

procedure just several months before the examination.

Considering that liver fibrosis is a late postoperative

complication of the Fontan procedure, it was unlikely for

these young patients who had undergone Fontan procedure

\1 year ago would develop full-fledged liver fibrosis.

Although we speculated that the increased serum HA

concentration in these young patients might reflect a sub-

clinical fibrotic change of the liver, longitudinal follow-up

is required to determine the clinical relevance of the

increased serum HA concentration in such an early post-

operative period of the Fontan procedure.

Study Limitations

Our study had limitations that must be addressed. First,

none of our patients underwent liver biopsy, which is

considered the ‘‘gold standard’’ for the assessment of liver

fibrosis. However, liver biopsy is invasive and prone to

Fig. 2 Scatter plots of Qin/Qex

of the PV according to serum

HA concentration for all

patients in our series (a) and

those with inferior vena caval

pressure \15 mmHg (b)
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sampling errors and interobserver variability [7]. In addi-

tion, radiological imaging examination was not performed

in our patients because no abnormalities were detected by

the liver enzyme tests and abdominal ultrasonographic

screening. Recent studies showed that computed tomog-

raphy and magnetic resonance imaging could identify

hepatic abnormalities in Fontan patients that were unrec-

ognizable by standard laboratory examinations [4, 29].

However, these abnormalities in radiological images were

indentified in patients at median ages of 14.4 years [4] and

18.9 years [29] and therefore were older than our patients.

Thus, we considered that it would be less likely for our

patients to show hepatic lesions on radiological images and

adopted portal venous hemodynamics as an indicator of

liver fibrosis.

Second, this study was not intended for establishing cut-

off values for predicting liver fibrosis in Fontan patients.

Aiming at evaluating the relationship between serum HA

concentration and liver fibrosis, we divided our patients

into two groups using the median value of serum HA

concentration. As a result, three young adult patients were

classified in the high-HA group despite that their serum HA

concentration did not exceed the upper limit of normal for

adults (50 ng mL-1). Because this is a retrospective cross-

sectional study including a small number of patients, fur-

ther investigation with a larger population and a longer

follow-up, including radiological imaging examinations, is

required to determine the clinical ramifications of increase

in serum HA concentration.

In conclusion, Fontan patients with increased serum HA

concentration had lower platelet count and pronounced

inspiratory augmentation of the portal venous flow rate.

Increase of serum HA concentration in Fontan patients

accompanies the change in PV hemodynamics similar to

that in patients with cirrhosis of the liver. Serum HA

concentration might be an early indicator of liver fibrosis,

although further investigation with a larger population and

longer follow-up is required to determine its clinical

implications.
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evaluation of hepatic function profile after Fontan operation.

Herz. doi:10.1007/s00059-013-3811-5

17. Kiesewetter CH, Sheron N, Vettukattill JJ, Hacking N, Stedman

B, Millward-Sadler H et al (2007) Hepatic changes in the failing

Fontan circulation. Heart 93:579–584

18. Lebensztejn DM, Wierzbicka A, Socha P, Pronicki M, Skiba E,

Werpachowska I et al (2011) Cytokeratin-18 and hyaluronic acid

levels predict liver fibrosis in children with non-alcoholic fatty

liver disease. Acta Biochim Pol 58:563–566

19. Moreno AH, Burchell AR (1982) Respiratory regulation of

splanchnic and systemic venous return in normal subjects and in

patients with hepatic cirrhosis. Surg Gynecol Obstet 154:257–267

20. Oka T, Kato R, Fumino S, Toiyama K, Yamagishi M, Itoi T

(2013) Noninvasive estimation of central venous pressure after

Fontan procedure using biochemical markers and abdominal

echography. J Thorac Cardiovasc Surg 146:153–157

21. Rychik J, Veldtman G, Rand E, Russo P, Rome JJ, Krok K (2012)

The precarious state of the liver after a Fontan operation: sum-

mary of a multidisciplinary symposium. Pediatr Cardiol

33:1001–1012

22. Schwartz MC, Sullivan LM, Glatz AC, Rand E, Russo P, Gold-

berg DJ et al (2013) Portal and sinusoidal fibrosis are common on

liver biopsy after Fontan surgery. Pediatr Cardiol 34:135–142

Pediatr Cardiol

123

http://dx.doi.org/10.1007/s00059-013-3811-5


23. Shah H, Kuehl K, Sherker AH (2010) Liver disease after the

Fontan procedure: what the hepatologist needs to know. J Clin

Gastroenterol 44:428–431

24. Sugano S, Yamamoto K, Sasao K, Watanabe M (1999) Portal

venous blood flow while breath-holding after inspiration or

expiration and during normal respiration in controls and cirrho-

tics. J Gastroenterol 34:613–618

25. Tchelepi H, Ralls PW, Radin R, Grant E (2002) Sonography of

diffuse liver disease. J Ultrasound Med 21:1023–1032

26. Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A,

Dhalluin-Venier V et al (2007) FIB-4: an inexpensive and

accurate marker of fibrosis in HCV infection. Comparison with

liver biopsy and fibrotest. Hepatology 46:32–36

27. Valva P, Casciato P, Diaz Carrasco JM, Gadano A, Galdame O,

Galoppo MC (2011) The role of serum biomarkers in predicting

fibrosis progression in pediatric and adult hepatitis C virus

chronic infection. PLoS One 6:e23218

28. Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA,

Conjeevaram HS et al (2003) A simple noninvasive index can

predict both significant fibrosis and cirrhosis in patients with

chronic hepatitis C. Hepatology 38:518–526

29. Wallihan DB, Podberesky DJ (2013) Hepatic pathology after

Fontan palliation: spectrum of imaging findings. Pediatr Radiol

43:330–338

30. Xie SB, Yao JL, Zheng RQ, Peng XM, Gao ZL (2003) Serum

hyaluronic acid, procollagen type III and IV in histological

diagnosis of liver fibrosis. Hepatobiliary Pancreat Dis Int 2:69–72

Pediatr Cardiol

123


	Serum Hyaluronic Acid Concentration in Fontan Circulation: Correlation With Hepatic Function and Portal Vein Hemodynamics
	Abstract
	Materials and Methods
	Laboratory Investigations
	Assessment of PV Hemodynamics by Ultrasonography
	Cardiac Catheterization
	Statistical Analysis

	Results
	Patient Characteristics
	Comparison Between High- and Low-HA Groups

	Discussion
	HA as a Marker of Liver Fibrosis
	HA and PV Hemodynamics
	Liver Fibrosis in Fontan Circulation
	Study Limitations

	Acknowledgment
	References


