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Objective: This study aims to assess the impact of complications of the Fontan operation, such 
as protein-losing enteropathy and thrombosis, on patients’ quality of life. We hypothesize that 
alterations in the diameter and flow of the inferior vena cava (IVC) and femoral vein (FV) are 
associated with these complications. The goal is to evaluate the influence of venous structural 
modifications on Fontan operation outcomes by analyzing Doppler time measurements of the 
IVC, FV, aorta (Ao), and femoral artery (FA).
Materials and Methods: We retrospectively analyzed the recorded images of patients who 
had undergone Fontan palliation at least two years prior to presentation at our outpatient 
clinic between January 2022 and January 2023. Patients with chest pain but no cardiac 
pathology served as controls. Demographic and physical examination data were collected 
retrospectively. In patients with a normal single-ventricular ejection fraction, we measured the 
widest IVC diameter and Doppler values, the descending aortic diameter in systole, the widest 
FV diameter and Doppler values, and the femoral artery diameter in systole.
Results: The study included 25 Fontan patients: 7 had an extracardiac Fontan, 4 had a 
fenestrated extracardiac Fontan, and 14 had an intra-extracardiac fenestrated Fontan. A 
significant difference (p=0.019) was found in the age at Fontan between patients with NYHA 
stages 1-2 and those with NYHA stages 3-4. A pathologic microalbumin/creatinine ratio (>15) 
was correlated with pre-Fontan pulmonary artery pressure >15 mmHg. The IVC/BSA (p=0.031) 
and FV/BSA ratios differed significantly between groups with and without complications, with 
lower ratios observed in the group with complications.
Conclusion: Age at Fontan palliation is a risk factor for complications. High pre-Fontan 
pulmonary pressure is associated with microalbuminuria. IVC/BSA and FV/BSA are inversely 
associated with mid- to long-term complications following Fontan palliation.
Keywords: Complication, congenital heart disease, echocardiography, femoral vein, Fontan 
operation, inferior vena cava.
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INTRODUCTION
The Fontan operation, first described in 1971 by French 
physician Dr. Francis Fontan, significantly alters the 
hemodynamic profile of patients, affecting both the arterial 
and venous systems. This procedure improves oxygenation in 
patients with congenital heart disease who are not candidates 
for biventricular correction, thus enhancing their quality of 
life. The altered circulatory pattern, known as single-ventricle 
physiology, warrants further investigation due to its diverse 
physiological effects and consequences. The profound impact 
of the Fontan operation on hemodynamics has been well 
established after over five decades of clinical application in 
advanced centers.1 Long-term investigation and monitoring 
of hemodynamic status in single-ventricle physiology are 
crucial for understanding patient mortality and morbidity. 
Complications are common in Fontan patients during long-
term follow-up.2

Existing literature indicates a strong association between 
mortality and conditions such as osteoarthritis, protein-losing 
enteropathy, cirrhosis, and renal failure. Fontan-associated 
nephropathy, often identified by abnormal microalbumin-to-
creatinine ratios, has recently garnered significant attention, 
although its specific markers remain unclear.3,4 Studies report 
a 20% prevalence of nephropathy among young Fontan 
patients.4-6 Although MRI and CT modeling have enhanced 
our understanding of hemodynamics involving surgical 
connections and energy loss,7-9 evidence concerning the 
status of the inferior vena cava (IVC) and femoral vein (FV) in 
long-term prognosis remains scarce. While the relationship 
between IVC diameter and nephropathy development has 
been investigated, its overall prognostic significance remains 
unclear.4,10 Therefore, this study aims to examine the potential 
correlation between inferior vena cava diameter and long-
term complications following Fontan palliation.11,12

In vitro and computational models, including MRI and CT, 
have advanced our understanding of Fontan hemodynamics, 
focusing on surgical connections and energy loss.7-9 However, 
research on the relationship between IVC and FV and long-
term prognosis remains limited.4,10 While IVC diameter is linked 
to nephropathy, its comprehensive prognostic significance is 
not fully understood. Although echocardiography effectively 
assesses ventricular function, non-invasive evaluation of 
venous and pulmonary circulation in single-ventricle patients 
remains challenging. Monitoring these circulatory changes 
is crucial due to serious risks such as Fontan-associated 
nephropathy.1,2 However, the role of venous measurements 
in predicting and monitoring post-Fontan complications 
remains poorly defined, and their long-term clinical utility 
requires further investigation.4,10

This study aims to investigate the potential correlation 
between venous measurements (inferior vena cava diameter 
and femoral vein diameter) and the occurrence of long-
term complications, including protein-losing enteropathy, 
plastic bronchitis, thrombosis, and arrhythmia, in patients 
undergoing Fontan palliation. Additionally, we examined 
nephropathy, a chronic Fontan complication, by analyzing 
spot urine microalbumin/creatinine ratios and correlating 
these findings with venous diameter measurements (IVC, FV).

MATERIALS AND METHODS
We retrospectively collected data from images of Fontan 
patients acquired in the previous year. All patients had 
undergone Fontan palliation within the last 15 years and were 
seen in the outpatient clinic between January 2022 and January 
2023 at the Ege University Faculty of Medicine, Department 
of Pediatric Cardiology. The study protocol was approved by 
Ege University Medical Research Ethics Committee (Approval 
Number: 23-9T/31, Date: 07.09.2023).

Data Collection

Patient data, including age, height, weight, body surface 
area (BSA), age at the time of operation, exercise capacity 
(according to the New York Heart Association classification), 
SpO2, microalbumin/creatinine ratios, pre-Fontan 
pulmonary arterial pressure measured during conventional 
angiography, and complications such as protein-losing 
enteropathy, plastic bronchitis, thrombosis, and arrhythmia, 
were obtained from their medical records. Additionally, 
measurements of the inferior vena cava (IVC), femoral vein 
(FV), abdominal aorta, femoral artery, and Doppler times for 
the IVC and FV were retrospectively obtained from recorded 
echocardiography images.

KEY MESSAGES

•	 Unexpectedly, diminished IVC/BSA and FV/BSA ratios 
suggest that chronic metabolic effects, rather than 
elevated intravascular pressure, are the primary 
drivers of long-term Fontan complications.

•	 Angiography-measured pre-Fontan pulmonary 
artery pressures greater than 15 mmHg predict an 
increased risk of subsequent renal complications, as 
demonstrated by an association with pathological 
microalbuminuria.

•	 The study highlights the need for thorough, long-term 
monitoring of Fontan complications, such as protein-
losing enteropathy, arrhythmia, and thrombosis, in 
patients with reduced IVC/BSA and FV/BSA ratios.
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Study Groups
There is no standard for inferior vena cava measurements, 
and in pediatric patients, these measurements vary with 
height and weight. Therefore, a control group was included. 
The control group consisted of patients presenting with chest 
pain and no cardiac pathology; their images were evaluated. 
Initially, measurements from Fontan patients were compared 
with those from the control group. Subsequently, the patient 
group was further divided into two subgroups: Fontan 
patients with complications and those without. Protein-losing 
enteropathy, plastic bronchitis, thrombosis, and arrhythmia 
were considered long-term complications arising during 
patient follow-up.13 These measurements were then compared 
between these subgroups.

The exclusion criteria for the patient group were a history of 
thrombosis both preoperatively and during the first month, 
femoral vein thrombosis, low single-ventricle ejection fraction, 
and severe valvular insufficiency.

Additionally, the spot urine microalbumin/creatinine ratio, 
assessed during polyclinic visits in the Fontan patient group 
as a marker for chronic nephropathy, was retrospectively 
evaluated. While no patients presented with renal failure, 
those with abnormal microalbumin-to-creatinine ratios were 
classified as having renal dysfunction.5,6

Echocardiography
In patients with a normal single-ventricular ejection 
fraction on echocardiography, the widest inferior vena 
cava (IVC) diameter in the systolic phase, IVC Doppler 
measurements, and descending aortic diameter (Ao) 
measurements were evaluated using subxiphoid short-
axis views with a GE Vivid e9 S5 probe (3-7 MHz frequency 
range). Additionally, the widest femoral vein diameter and 
Doppler measurements of femoral artery diameter were 
assessed during the systolic phase using a GE Vivid e9 L11 
probe (12 MHz frequency).

Given the lack of standardization for vein measurements 
relative to age and weight in children, a solution was sought 
to eliminate the variability described above. This solution 
involved dividing the IVC and FV diameter measurements 
by body surface area (BSA). Furthermore, IVC was calculated 
as a proportion of the descending aorta (IVC/Ao) and as the 
ratio IVC/FV. The shortest distance at which the FV and IVC 
Doppler flow exhibited a zero line during the examination 
was documented. This value was designated as the “Vein 
Doppler Time.” These values were then compared with the 
incidence of Fontan complications, including thrombosis, 
arrhythmias, and protein-losing enteropathy. BSA was 
calculated using the Mosteller formula.14

Statistical Analysis
Statistical analyses were performed using IBM SPSS 23.0 
software (SPSS Inc., Chicago, IL, USA). The normality of 
continuous variables was assessed using the Shapiro-
Wilk test. Descriptive statistics for normally distributed 
continuous variables are presented as mean±standard 
deviation, while non-normally distributed variables are 
reported as median with their first and third quartiles 
(median; Q1, Q3). Categorical variables are presented as 
frequencies. Appropriate analyses were conducted to 
compare groups. When continuous variables were not 
normally distributed, the Mann-Whitney U test was applied 
to compare distributions between groups. Fisher’s exact test 
was used for categorical data. A p-value less than 0.05 was 
considered statistically significant.

RESULTS
Patient Demographics and Clinical Characteristics
The youngest participant was 5 years old, while the oldest was 
19. The median age was 13 years (range 11–17 years), with 6 
females and 19 males participating. The median weight and 
height percentiles were 14% (range: 6.55–26) and 44.83% 
(range: 14.92–67), respectively. Saturation values ranged from 
82% to 95%, with a median of 91% (range: 90–94).

The diagnoses of the patients were as follows: tricuspid 
atresia, 9 (36%); pulmonary atresia, 6 (24%); large VSD 
with unbalanced ventricle, 4 (16%); hypoplastic left heart 
syndrome, 3 (12%); mitral atresia, 2 (8%); and Taussig–Bing 
anomaly, 1 (4%).

A total of 72% of patients underwent MBT shunt, with the 
procedure performed at a median of 2 months (IQR: 1.5–6.5 
months). Pulmonary banding was performed in 12% (n=5) 
within a time frame of 0–3 months, with a median duration 
of 2 months. The Norwood procedure was performed in 8% 
(n=2) of cases, with a median time to surgery of 1.5 months 
(IQR: 0–2 months). All cases underwent the Glenn procedure, 
with a median age at the Glenn procedure of 11.5 months 
(IQR: 7–25 months). The Fontan procedure was performed at 
a median age of 54 months (IQR: 48–83 months). The median 
pulmonary artery pressure measured by angiography from the 
Glenn shunts before Fontan operations was 14 mmHg (IQR: 
12–15 mmHg), with a minimum of 7 mmHg and a maximum 
of 18 mmHg.

Of the patients included in the study, seven underwent 
extracardiac Fontan surgery, four underwent fenestrated 
extracardiac Fontan surgery, and 14 underwent intra-
extracardiac fenestrated Fontan surgery. Among patients with 
uncomplicated cases, 11 underwent a Fontan procedure with 
an additional fenestration.
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Comparisons of Demographic Characteristics Between 
the Control and Patient Groups

Comparisons between the control and patient groups revealed 
that the control group included 25 participants (17 males, 
8 females), and the patient group had an identical gender 
distribution. Median values for age were 11 years (range: 8–14) 
and 13 years (range: 11–17) (p=0.34); for weight, 42 kg (range: 29–
49 kg) and 44 kg (range: 33–50 kg) (p=0.497); and for BSA, 1.32 m² 
(range: 1.03–1.44 m²) and 1.36 m² (range: 1.13–1.47 m²) (p=0.404).

Comparison of Patient and Control Groups

A comparison between the patient and control groups 
revealed that IVC/Ao and FV/FA ratios were significantly 
elevated in the patient group (p=0.001, r=0.57 and p=0.009, 
r=0.29; Table 1). The patient group exhibited higher IVC/
Ao and FV/FA ratios. This finding aligns with expectations, 

as intravascular congestion that develops over time due to 
passive flow within the Fontan circuit could contribute to the 
observed differences. The lack of significant differences in 
other venous-arterial measurements suggests that the Fontan 
circulation maintains hemodynamics that approximate 
normal physiology.

Fontan Operation Age and NYHA Staging

In accordance with the NYHA staging system, 19 patients were 
classified as stage 1, 2 patients as stage 2, 2 patients as stage 3, 
and 2 patients as stage 4. A comparison of the age at Fontan 
operation between NYHA stage 1-2 and stage 3-4 patients 
revealed that those who underwent the procedure at an older 
age (median 143 months) were subsequently classified as NYHA 
stage 3-4 (p=0.019, r=0.88) (Table 2). Furthermore, the age at 
which the Fontan operation was performed was evaluated for 
cases in which complications arose during the follow-up period. 
The Fontan operation was performed at a relatively advanced 
age (median 108 months) (p=0.018, r=0.30) (Table 3).

Venous Measurements and Complications

A statistically significant difference was found in the ratio 
of vein measurements to body surface area between the 
complication group and the non-complication group. The 

Table 1. Comparison of measurements between the patient 
and control groups

Measurement
Patient group 

(n=25)

Control group 

(n=25)
p

IVC/BSA 9.85 (8.63–11.42) 8.49 (7.15–11.4) 0.12

Ao/BSA 7.83 (6.95–8.85) 8.06 (6.55–10.45) 0.33

IVC/Ao 1.28 (1.20–1.50) 1.09 (1.03–1.17) 0.001

FV/FA 1.41 (1.05–1.57) 1.16 (1.09–1.25) 0.009

IVC/FV 2.05 (1.73–2.44) 1.83 (1.45–2.02) 0.079

FV/BSA 4.96 (3.86–5.58) 4.38 (3.99–6.44) 0.97

FA/BSA 3.78 (3.51–4.12) 3.75 (3.48–5.41) 0.6

IVC: Inferior vena cava diameter; BSA: Body surface area; Ao: Abdominal aorta 
diameter; FV: Femoral vein diameter; FA: Femoral artery diameter.

Table 3. Comparison of measurements between the complicated and uncomplicated Fontan groups

Measurement Uncomplicated Fontan group (n=17) Complicated Fontan group (n=8) p

Fontan age (months) Median (Q1-Q3): 50 (48–57) Median (Q1-Q3): 108 (47–148) 0.018

IVC/BSA 11.04 (8.91–12.3) 9.09 (8.56–9.91) 0.031

Ao/BSA 8.1 (7.0–8.88) 7.2 (5.53–7.68) 0.135

IVC/Ao 1.28 (1.22–1.41) 1.34 (1.14–1.55) 0.75

FV/FA 1.41 (1.07–1.57) 1.31 (1.01–1.53) 0.783

IVC/FV 2.04 (1.64–2.22) 2.27 (1.78–2.49) 0.44

FV/BSA 5.55 (4.59–6.49) 4.29 (3.58–5.06) 0.021

FA/BSA 3.93 (3.56–4.39) 3.58 (3.30–3.85) 0.05

IVC Doppler time (ms) 1321 (762–3000) 970 (637–1173) 0.204

Femoral vein Doppler time (ms) 2053 (1242–3000) 2815 (1481–3000) 0.736

IVC: Inferior vena cava diameter; BSA: Body surface area; Ao: Abdominal aorta diameter; FV: Femoral vein diameter; FA: Femoral artery diameter. The complicated Fontan 
group included patients with protein-losing enteropathy, plastic bronchitis, thrombosis, and arrhythmia.

Table 2. Comparison of Fontan age and NYHA staging

Measurement
NYHA stage 1-2 

(n=21)

NYHA stage 3-4 

(n=4)
p

Fontan age 

(months)

Median (Q1-Q3): 

50 (48–57)

Median (Q1-Q3): 

143 (121–151)
0.019

NYHA: New York Heart Association.
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p-value for IVC/BSA was 0.031 (r=0.36), and for FV/BSA, it 
was 0.021 (r=0.54, Table 3). IVC/BSA and FV/BSA ratios were 
lower in patients with complications. We concluded that the 
other ratios—IVC/FV, IVC/Ao, FV/FA—and the IVC and FV 
Doppler time values could not be used to distinguish between 
complicated and uncomplicated cases.

In the patient cohort under investigation, observed 
complications included ventricular extrasystoles severe 
enough to warrant the initiation of antiarrhythmic therapy in 
one patient during the fourth year after the Fontan operation. 
A pacemaker was implanted in one patient following the 
onset of complete AV block. Three patients developed protein-
losing enteropathy. Three patients are receiving continuous 
low-molecular-weight heparin and antiplatelet therapy due to 
a history of thrombosis.

Pre-Fontan Pulmonary Artery Pressure and Renal 
Dysfunction
In routine spot urine microalbumin/creatinine (MCR) tests 
performed at the outpatient clinic, MCR values above 20 mcg/
ml were considered pathological. MCR was assessed in 23 of 
24 Fontan patients; one patient’s results were missing at the 
time of application. No statistically significant associations 
were found between pathological and normal MCR values in 
the patient group and the ratios of IVC/BSA, FV/BSA, IVC/Ao, 
and IVC/FV, nor with the age at which the Fontan operation 
was performed (Table 4).

Six patients exhibited a pre-Fontan pulmonary artery pressure 
of ≥15 mmHg, as determined by catheter angiography. In these 
cases, the MCR was found to be pathological. A Chi-square 
analysis revealed a significant difference in the microalbumin/

creatinine ratio in spot urine between the group with pre-
Fontan Glenn shunt pressure <15 mmHg and the group with 
pressure ≥15 mmHg (p=0.047) (Table 4).

DISCUSSION
The Fontan procedure, while life-saving for patients with 
single-ventricle congenital heart disease, is associated with a 
spectrum of long-term complications that significantly impact 
morbidity and mortality.15,16 These Fontan-associated diseases, 
such as protein-losing enteropathy, plastic bronchitis, liver 
disease, thrombosis, renal insufficiency, and arrhythmias, can 
ultimately lead to Fontan failure over time.15,17 The chronic 
combination of elevated central venous pressure, non-pulsatile 
pulmonary blood flow, and a preload-deprived systemic 
ventricle contributes to this progressive deterioration.18 This 
complex pathophysiology leads to chronic systemic venous 
hypertension and reduced cardiac output, driving peripheral 
stasis and congestion within the lymphatic system.13 Persistent 
venous congestion, particularly affecting the inferior vena 
cava and its tributaries, often manifests as hepatomegaly, 
hepatic congestion, and fibrosis, potentially progressing to 
cirrhosis.19,20 Indeed, a larger inferior vena cava diameter has 
been associated with elevated Fontan pressures and increased 
end-diastolic pressures, further exacerbating the risk of Fontan-
associated liver disease.21 These hemodynamic alterations 
also predispose Fontan patients to renal dysfunction, 
evidenced by increased microalbuminuria and decreased 
estimated glomerular filtration rate (eGFR).4,5 Furthermore, 
microalbuminuria, a marker of renal injury, has a high incidence 
among Fontan patients.11 The elevated central venous 
pressure characteristic of Fontan circulation can increase renal 
venous pressure and reduce renal perfusion pressure, thereby 

Table 4. Comparison of measurements between groups stratified by pathological and normal microalbuminuria

Measurement MCR normal (≤20 µg/ml) (n=18) MCR high (≥20 µg/ml) (n=6) p

Pre-Fontan pulmonary artery pressure measurement 0.047

<15 mmHg (n=11) 15 (62.5%) 1 (4.2%)

≥15 mmHg (n=7) 3 (12.5%) 5 (20.8%)

Fontan operation age (months; median, Q1-Q3) 81 (43–137) 57 (44–127) 0.77

IVC/BSA 10.8 (8.75–11.6) 10.4 (9.01–12) 0.93

Ao/BSA 7.81 (6.79–8.72) 9 (7.95–10.2) 0.36

IVC/Ao 1.42 (1.21–1.49) 1.21 (1.11–1.28) 0.21

FV/FA 1.31 (1.04–1.55) 1.6 (1.45–1.71) 0.8

IVC/FV 2.23 (1.79–2.56) 1.96 (1.68–2.16) 0.34

FV/BSA 5.09 (3.99–6.14) 5.83 (5.36–5.95) 0.5

FA/BSA 3.85 (3.57–4.28) 3.76 (3.14–3.94) 0.86

MCR: Microalbumin/creatinine ratio; IVC: Inferior vena cava diameter; BSA: Body surface area; Ao: Abdominal aorta diameter; FV: Femoral vein diameter; FA: Femoral 
artery diameter.
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contributing to the development of nephropathy.10 Moreover, 
chronic hypoxemia, an additional factor in Fontan patients, can 
further impair renal function by promoting tubulointerstitial 
damage and subsequent proteinuria, a mechanism distinct 
from hepatorenal syndrome.6 The persistent elevation of 
systemic venous pressure, an obligate feature of the Fontan 
circulation due to the absence of a sub-pulmonary ventricle, 
demonstrably decreases venous capacitance and compliance, 
thereby placing patients at increased risk of progressive renal 
dysfunction.10,22 This sustained venous congestion also plays a 
critical role in the pathogenesis of protein-losing enteropathy 
and plastic bronchitis, conditions arising from lymphatic 
insufficiency and aberrant lymphatic channel formation, 
directly attributable to chronically elevated central venous 
pressures.16

It is crucial to monitor and assess the physical activity capacity 
of patients who have undergone Fontan palliation.23 NYHA 
stage 2 or higher in Fontan operation cases is associated with 
increased mortality and the need for heart transplantation.24 
The findings of our study indicate that a later age at Fontan 
palliation is associated with an increased incidence of 
complications and reduced exercise capacity. This further 
underscores the importance of the age at which Fontan 
palliation is performed. Our findings show that the daily 
physical capacity of patients who underwent Fontan surgery 
aligns with NYHA stage 3-4 at a mean age of 143 months. The 
mean age at which Fontan palliation was performed in patients 
with complications was 108 months (9 years). In light of these 
findings, it is recommended that Fontan patients aged 9 years 
and older be monitored more closely for the development 
of complications, including arthritis, thrombosis, protein-
losing enteropathy, plastic bronchitis, and microalbuminuria. 
Early diagnosis and treatment of potential complications will 
enhance patients’ quality of life.

One of the most significant findings of our study is the 
association between microalbuminuria and a pre-Fontan 
pulmonary artery pressure of 15 mmHg or more, measured at 
the Glenn shunt during conventional angiography. Our analysis 
demonstrated a significant difference in the microalbumin/
creatinine ratio between groups with pre-Fontan Glenn shunt 
pressure <15 mmHg and those with pressure ≥15 mmHg, 
with pathological microalbuminuria (MCR values above 20 
mcg/ml) being significantly more prevalent in the latter 
group. This association is independent of the time elapsed 
since the operation. The presence of pathological MCR results 
serves as a critical indicator of future renal damage, a finding 
supported by literature that highlights microalbuminuria—
highly prevalent in Fontan patients—as a marker of renal 
injury.11 In a systematic review, T. Alsaied and colleagues 
further emphasized the significance of late mortality and renal 

injury.25 Given that pre-Fontan pulmonary artery pressures 
exceeding 15 mmHg are significantly associated with 
pathological MCR, such elevated pressures are important for 
predicting the risk of subsequent renal injury and potential 
mortality.19,25-27 Therefore, patients with pre-Fontan pulmonary 
artery pressure exceeding 15 mmHg should undergo periodic 
assessment of their microalbumin-to-creatinine ratio for early 
detection and management of renal complications.

Patel et al.10 demonstrated a significant association between 
a IVC/BSA ratio exceeding 1 cm/m² and the presence of 
pathological microalbuminuria, underscoring its utility as 
an indicator for evaluating late nephropathy. In contrast 
to these findings, our study did not find a significant 
correlation between the IVC/BSA ratio and the pathological 
microalbumin/creatinine ratio. This divergence may be 
attributable to inherent variability in IVC/BSA and femoral vein 
measurements in the pediatric population, particularly given 
dynamic growth parameters. The development of robust, 
standardized venous measurement protocols remains a critical 
challenge. Establishing clear and reliable reference values will 
necessitate comprehensive studies involving a substantial 
number of cases, precise delineation of physiological limits, 
and mitigation of subjective assessment biases. Further 
research is needed to refine diagnostic criteria and establish 
universal thresholds for venous parameters that reliably 
predict long-term Fontan complications, particularly in the 
context of renal dysfunction.4

Significant differences in the IVC/Ao and FV/FA ratios were 
observed between the patient and healthy control groups. 
Subsequent analysis, in which the patient group was further 
stratified into complication and no-complication subgroups 
and compared with the healthy control group, revealed 
that the healthy control group had lower IVC/Ao and FV/FA 
ratios. This observation not only suggests progressive venous 
congestion within the passive circulation of the Fontan shunt 
over time but also underscores a critical pathophysiological 
mechanism underlying many of the adverse long-term 
outcomes in these patients. This persistent venous congestion, 
particularly evident in the inferior vena cava and its tributaries, 
profoundly influences long-term hemodynamics and the 
overall prognosis in Fontan patients and contributes to the 
development of serious complications such as progressive 
renal dysfunction, protein-losing enteropathy, and plastic 
bronchitis.10,16,22

Our study revealed a statistically significant correlation 
between the IVC/BSA and FV/BSA ratios and the incidence 
of complications. In contrast to the existing literature, which 
often associates an increased indexed inferior vena cava 
(IVC) diameter with complications such as pathological 
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microalbuminuria,10 we observed a paradoxical decrease in 
IVC/BSA and FV/BSA in complicated cases. This unexpected 
outcome suggests a unique pathophysiological mechanism 
within the Fontan circulation, characterized by chronically 
elevated systemic venous pressures and reduced cardiac 
output, leading to multifactorial complications.13,22,28 We 
postulate that this decrease may serve as an early indicator 
of reduced intravascular volume in the venous compartment, 
potentially leading to compensatory redistribution of fluid into 
extravascular (or “third”) spaces. Fluid shifts and issues with 
fluid balance are recognized challenges in Fontan patients,29,30 
often exacerbated by lymphatic dysfunction and multiorgan 
sequelae.13,31 These changes could stem from mechanisms 
affecting metabolically compromised states, a known aspect 
of chronic Fontan physiology, which impacts various end 
organs, including the hepatic and renal systems.18,19,26 The 
consistent, parallel alterations observed in both the femoral 
vein and inferior vena cava measurements strongly suggest 
that factors beyond isolated hemodynamic pressures, such 
as systemic metabolic effects and fluid balance dysregulation, 
significantly influence these venous parameters.

To achieve comprehensive conclusions regarding these venous 
measurements and ratios, further research is imperative, 
particularly with larger patient cohorts and the establishment 
of standardized measurement protocols, considering the 
complex and multifactorial nature of Fontan circulation.13,32 
We recommend longitudinal follow-up for every Fontan 
patient, with regular comparative assessments of IVC/BSA and 
FV/BSA ratios at each visit. This approach is critical for the early 
identification of these potentially subtle indicators of long-
term complications.

Study Limitations

The present study is subject to several limitations. Although 
the cohort was relatively small, this reflects the rare nature of 
the disease under investigation. Future multi-center studies 
with larger sample sizes would strengthen the validity and 
generalizability of the findings. It was not feasible to measure 
current pulmonary artery and Fontan shunt pressures due 
to the absence of clinical indications for angiography, thus 
precluding their inclusion in this study. Furthermore, reliance 
on retrospectively collected microalbumin/creatinine ratios 
from spot urine samples obtained at clinical presentation 
constitutes an additional limitation

CONCLUSION
Effective long-term management following Fontan palliation 
is crucial for significantly improving patients’ quality of life and 
reducing mortality rates. We strongly advocate for rigorous 
monitoring of patients aged nine years or older, with particular 

attention to complications such as protein-losing enteropathy, 
arrhythmia, thrombosis, and plastic bronchitis. Furthermore, 
patients presenting with a pre-Fontan pulmonary artery 
pressure of 15 mmHg, as measured by angiography, require 
diligent surveillance for renal complications using the 
microalbumin-to-creatinine ratio. Our findings underscore 
the importance of longitudinally tracking IVC/BSA and FV/
BSA ratios: a decrease in these ratios—contrary to prior 
assumptions—emerged as a significant and unexpected 
indicator of potential future complications. This necessitates a 
re-evaluation of how these venous parameters are interpreted; 
a decrease in these ratios in any patient should now be regarded 
as a critical warning sign, potentially reflecting diminished 
intravascular volume and fluid accumulation in third spaces. 
Implementing such comprehensive monitoring strategies is 
vital for early detection and intervention, ultimately improving 
long-term outcomes for Fontan patients.
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