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Abstract

Congestive hepatopathy (CH) arises from chronically elevated right sided heart pressures 

transmitted to the liver by passive venous congestion. Over time CH can lead to hepatic bridging 

fibrosis, decompensated cirrhosis, and hepatocellular carcinoma. Currently there are no evidence-

based guidelines to direct appropriate screening or management of patients with CH partly 

because of the inability of current clinical tools (serum tests, imaging studies, liver stiffness 

measurements, and liver biopsy) to accurately estimate hepatic fibrosis or the risk for hepatic 

decompensation. The Model for end-stage liver disease excluding international normalized ratio 

(MELD-XI) score is the only validated serum-based test to predict clinical outcomes in CH, and 

non-invasive liver stiffness measurements are proving to be of minimal utility as all patients with 

CH have elevated values that currently cannot differentiate between congestion and fibrosis. In 

addition, fibrosis staging by liver biopsy is difficult to standardize because of heterogeneous 

collagen deposition in CH, and liver biopsy results have little predictive value for post-heart 

transplant hepatic outcomes in patients with CH. Evaluating liver nodules and masses is also 

complicated in CH, as the finding of delayed venous washout in nodules is not specific for HCC in 

the background of a congested liver, and these lesions may require biopsy to confirm the 

diagnosis. The lack of effective clinical tools for predicting liver fibrosis and liver function 

suggests the need for the development of novel biomarkers in patients with CH to assist in the 

management of this complicated disease.
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Congestive hepatopathy (CH) arises from chronically elevated hepatic venous pressures 

secondary to right sided heart failure. High pressures from biventricular or isolated right 

sided heart failure are transmitted to the central veins of the liver resulting in increased 

sinusoidal pressure. This pressure increase causes shear stress on the sinusoidal endothelial 

cells leading to decreased nitrous oxide production and in turn, vasoconstriction. 

Vasoconstriction results in zone 3 sinusoidal ischemia and fibrosis deposition resulting in 

bridging fibrosis, cirrhosis, and even hepatocellular carcinoma. In addition, low cardiac 

output itself may also lead to low circulating blood flow to the liver accelerating fibrosis 

pathways(1–4).

The burden of CH is not well understood and there is a lack of epidemiologic study in CH 

outside of academic medical centers. This may be due to the heterogeneous causes of CH 

(e.g., ischemic cardiomyopathy, valvular disease, constrictive pericarditis, congenital heart 

disease) and the limited validated techniques available to diagnosis and stage this disease. 

Most cases of CH are sub-clinical with presenting symptoms and morbidity primarily driven 

by cardiac disease. Only the most severe cases typically manifest hepatic complications.(5, 

6) A growing population of patients with CH are adults with a history of congenital heart 

disease who develop Fontan associated liver disease (FALD). The Fontan procedure is an 

operation to connect a single working heart ventricle to the systemic vascular system while 

allowing passive venous return to the pulmonary arteries (Figure 1).(7) Thus, patients 

exposed to decades of high pressures within the liver serve as a model for CH, and belong to 

an orphaned group in need of research to better understand and care for FALD.

Accurate staging of liver fibrosis is a key factor in reliably determining hepatic reserve and 

function in CH. This information is critical to determine a specific patient’s prognosis, 

screening and management strategy, and ultimately candidacy for isolated heart versus 

combined heart-liver transplant as cardiac disease worsens. Unlike the inflammatory 

hepatopathies (e.g., viral, alcoholic, and nonalcoholic fatty liver disease (NAFLD)) which 

have validated biomarkers of fibrosis and clinical outcomes (serum tests, fibrosis calculators, 

and liver stiffness assessments), there is a growing awareness that these tools are unreliable 

in CH.(2, 3, 8) There is also evidence suggesting that even liver biopsy, which is touted as 

the gold standard for fibrosis assessment, may be unable to accurately stage fibrosis and 

predict clinical outcomes in CH.(2) This review examines the current evidence supporting 

the utility of available diagnostic tools in predicting clinical outcomes in patients with CH.

Noninvasive Biomarkers: Can We Estimate Liver Fibrosis in Congestive 

Hepatopathy?

Non-invasive biomarkers are increasingly used to estimate the severity of hepatic fibrosis in 

almost all etiologies of liver disease. Serologic tests, radiographic modalities, and liver 

stiffness assessments have excellent predictive value for advanced fibrosis when compared 

to liver biopsy, particularly in hepatitis C and NAFLD.(9, 10) However, the current 

repertoire of non-invasive biomarkers is unreliable in predicting advanced fibrosis in patients 

with CH.
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Serologic Markers

The standard serum markers including aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), alkaline phosphatase, bilirubin, and prothrombin time do not 

correlate with the degree of fibrosis seen on biopsy in CH (Table 1).(8, 11–15) Initial small 

studies (max n=13) suggested that a low platelet count or an elevated gamma glutamyl 

transferase (GGT) level may correlate with fibrosis stage on biopsy.(13, 16, 17) However, in 

a multi-center cross-sectional investigation of 71 patients with biopsy-proven CH there was 

no correlation between the number or degree of abnormal serum markers (low platelet count, 

elevated GGT level or aminotransferase levels) and fibrosis stage.(15) In addition, two 

retrospective studies with a combined 112 post-Fontan patients showed no difference in 

platelet count or GGT level between patients with low and high stage fibrosis on biopsy.(11, 

14)

More complex serum fibrosis markers and clinical risk calculators, including the FibroSURE 

test, hyaluronic acid levels, APRI Score (AST to platelet ratio index), AST/ALT ratio, Forns 

index (GGT, platelet count, age, and cholesterol), and FIB4 (AST, ALT, platelet count, and 

age) are either poorly studied in CH or have evidence demonstrating no correlation to 

fibrosis stage on biopsy.(18) Given the underlying pathophysiology of CH and limited 

correlation of individual serum markers with fibrosis stage, clinical risk calculators are 

unlikely to effectively predict fibrosis risk in CH.(8, 19) For example, several models heavily 

weight aminotransferase values as markers of liver necroinflammation, but CH is not an 

inflammatory disease.(1–3) Among 27 patients with FALD, the positive predictive value 

(PPV) and negative predictive value (NPV) of FibroSURE for identifying evolving or 

established cirrhosis when compared to liver biopsy were 33.3% (PPV) and 52.6% (NPV), 

respectively. The PPV and NPV of hyaluronic acid levels were 33.3% and 38.5%, 

respectively (Table 1).(18)

The model for end-stage liver disease excluding international normalized ratio (MELD-XI) 

score shows some promise in estimating hepatic fibrosis.(19, 20) In a retrospective study of 

73 post-Fontan patients, elevated MELD-XI values correlated with increasing total fibrosis 

scores (r=0.4, p=0.003).(19) However, the clinical application of this finding should be 

interpreted with caution since the MELD-XI only moderately correlates with fibrosis score 

and other small studies have failed to demonstrate this correlation (Table 1).(2, 15) In 

contrast, traditional MELD score (which includes INR) does not reflect true liver function in 

CH given the high prevalence of anticoagulation use.

In summary, current evidence suggests that standard serum markers, FibroSURE testing, 

hyaluronic acid levels, and most clinical risk calculators, do not correlate with biopsy 

determined fibrosis staging in patients with CH. The MELD-XI may have some utility in 

predicting fibrosis staging, but even it has conflicting evidence suggesting that further 

studies are needed to validate these results.

Imaging Modalities and Liver Stiffness Assessment Tools

In many forms of liver disease, advanced fibrosis is often suggested radiographically by the 

presence of a shrunken nodular liver, heterogeneous enhancement of the hepatic 
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parenchyma, and segmental atrophy and hypertrophy by ultrasound, computer tomography 

(CT), or magnetic resonance imaging (MRI). However, in CH there is minimal evidence 

correlating these findings to fibrosis grade by biopsy or clinical hepatic decompensation. For 

example, approximately 70% of patients post-Fontan with nodular appearance of the liver on 

cross-sectional imaging and who underwent heart transplantation had no lasting signs of 

liver dysfunction post-transplant(2, 21–23). Heterogeneous hepatic enhancement is likely the 

radiographic manifestation of passive hepatic congestion itself. This is supported by the fact 

that heterogeneous hepatic enhancement is present in 67–90% of patients post-Fontan, the 

vast majority of whom have no evidence of clinically significant liver dysfunction.(21, 23) 

Overall there is a paucity of evidence validating imaging characteristics that are typically 

associated with advanced fibrosis with biopsy determined fibrosis grade or clinical outcomes 

in CH. Thus, clinicians should use caution when using these imaging findings alone for 

establishing the diagnosis of cirrhosis in CH.

Radiographic liver stiffness assessments (e.g., transient elastography (TE), acoustic radiation 

force impulse (ARFI), MR elastography (MRE)) can accurately assess advanced fibrosis in 

many forms of liver disease.(24, 25) However, the accuracy of these tools is limited in CH 

where increased blood volume within the liver results in at least modestly elevated liver 

stiffness measures.(20, 26–29) Elevated liver stiffness scores are common in post-Fontan 

patients and an increased duration of time since the Fontan operation correlates with higher 

liver stiffness score (Tables 2 and 3).(7, 20, 27, 29) Thus, distinguishing congestion from 

underlying fibrosis is very difficult in CH. This concept is well-demonstrated in a 

prospective study of 32 patients with valvular heart disease who underwent TE before and 

after valvular repair. Ninety days post-operatively patients demonstrated a significant decline 

in liver stiffness (8.4 –> 6.0 kPA, p=0.026) suggesting improvement in congestion rather 

than reversal of fibrosis given the short time frame.(30)

Only one small study (n=10) exists comparing liver stiffness determined by TE to fibrosis 

stage by biopsy, and no studies exist for ARFI. In the TE study, liver stiffness values 

overestimated the amount of fibrosis by at least one stage in seven out of ten subjects and 

overestimated the level of fibrosis by at least two stages in five out of ten subjects. In no 

cases did liver stiffness underestimate the level of fibrosis seen on biopsy.(27) These results 

are certainly discouraging for using TE in clinical practice to diagnose advanced fibrosis. 

Whether normal stiffness scores on TE can effectively rule out advanced fibrosis requires a 

larger sample size.

In contrast, magnetic resonance elastography (MRE) liver stiffness values show more 

promise for predicting fibrosis in CH. In a small study (n=8), MRE liver stiffness values 

correlated with fibrosis grade on biopsy (R=.74, p=.02).(26) Interestingly, a more novel 

concept of spleen stiffness measurements by MRE may have the most promising evidence 

for predicting liver fibrosis in CH. In the same study, there was a very strong correlation 

between spleen stiffness and liver fibrosis grade on biopsy (R=.97; p=.002).(26) This is 

potentially encouraging data for the use of MRE, but should be applied cautiously to clinical 

practice given the small sample size and the method by which patients were selected to 

receive biopsies, as the selection process was not randomized. In addition, animal models do 

not support MRE for predicting biopsy-proven fibrosis.(28)

Lemmer et al. Page 4

Hepatology. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Unlike MRE, MRI with diffusion-weighted imaging (DWI) has shown some promise in 

differentiating congestion from fibrosis, particularly among patients with FALD. In non-

congestive liver disease, the calculated value of the apparent diffusion coefficient (ADC) by 

DWI imaging correlates with fibrosis stages as determined by biopsy.(31, 32) In FALD, the 

ADC is significantly lower than in healthy volunteers and continues to worsen as time from 

the operation increases.(33) However, Fontan patients with worsening cardiac parameters 

(such as increasing inferior vena cava diameter) also demonstrate low ADC. Thus, it is 

unclear if ADC reflects hepatic fibrosis and function or merely cardiac congestion of the 

liver. In contrast, DWI with intravoxel incoherent motion (IVIM) may be able to separate 

congestion from fibrosis. Compared to ADC, which does not take into account changes in 

tissue microstructure, IVIM is able to separate microperfusion parameters from molecular 

diffusion parameters. Microperfusion parameters are hypothesized to decrease in the setting 

of poor hepatic blood flow whereas molecular diffusion parameters are hypothesized to 

decrease with the formation of hepatic fibrosis.(34) This concept was recently illustrated in a 

single study of patients with FALD in which microperfusion parameters were lower than 

controls early after the Fontan operation, thus reflective of immediate alterations in hepatic 

blood flow, but molecular diffusion scores were similar to controls. However, FALD patients 

who were twenty to thirty years post-Fontan had stable microperfusion parameters, but 

worsening molecular diffusion scores (and thus worsening overall ADC) suggesting the 

formation of hepatic fibrosis.(34) MRI with DWI has not been validated against liver fibrosis 

scores by biopsy or clinical hepatic outcomes, but the potential clinical utility of MRI with 

DWI in this difficult population warrants further investigation. It is important to note that the 

clinical feasibility of MRI testing in patients with CH, and certainly in the post-Fontan 

patient, may be limited as many of these patients have non-MR compatible cardiac devices 

(e.g., percutaneous pacemaker).

Prediction of Hepatic Decompensation in Congestive Hepatopathy and 

Determining Candidacy for Heart Transplantation

Predicting hepatic function and reserve in CH when patients are undergoing assessment for 

heart transplant or combined heart-liver transplant is a challenging question that 

hepatologists at academic centers are facing with increasing frequency. The two critical 

questions that usually arise are whether 1) the liver can tolerate the hypotensive and low 

flow environment of the heart transplant itself, and 2) if successfully transplanted with a 

functional heart will the liver recover or demonstrate ongoing signs of hepatic dysfunction 

and portal hypertension. This task can be extremely difficult given the aforementioned 

paucity of tools to predict hepatic fibrosis and function, and the growing concern that even 

isolated liver biopsy may have limited utility in predicting hepatic function and reserve in 

patients with CH.

Clinical prediction tools, including the MELD score, are highly utilized in most forms of 

liver disease to estimate the risk of hepatic decompensation and mortality in patients with 

liver disease. However, MELD is not an accurate prediction tool for hepatic decompensation 

in CH due to its reliance on the INR which frequently does not reflect true liver function 

among patients with CH who have a high prevalence of anticoagulation use. For example, in 
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a study of 21 patients with CH who received a heart transplant, the six patients with pre-

transplant MELD scores >20 were either still alive at follow-up after a year without 

significant signs of liver dysfunction or died of causes unrelated to liver failure, suggesting 

poor correlation of the MELD with true underlying function and reserve.(2)

In concordance with its correlation with liver fibrosis scores, the MELD-XI score appears to 

be more useful in predicting clinically significant patient outcomes in the CH population 

than other prediction tools.(19, 20, 35–39) One prospective study of 18 post-Fontan patients 

found that higher MELD-XI scores independently correlated to the composite endpoint of 

increased incidence of sudden cardiac death, death from congestive heart failure, and need 

for cardiac transplantation (Hazard Ratio (HR)=7.76, 95% CI 2.05–29.33, p=0.008).(35) 

Elevated MELD-XI scores prior to adult and pediatric heart transplantation also predicted 

adverse post-cardiac transplant outcomes, including one year mortality in multiple studies.

(37–39) In a recent investigation, patients with a MELD-XI ≥ 19 had higher odds of all-

cause mortality (HR=1.17, p=0.013).(36) However, although the MELD-XI appears to be a 

useful tool in predicting cardiac morbidity and mortality in CH, whether or not MELD-XI is 

useful to predict hepatic outcomes is unknown.

Growing awareness of the lack of accurate non-invasive surrogates for liver fibrosis and 

hepatic decompensation in CH have led many clinicians to rely heavily on liver biopsy to 

estimate hepatic reserve and candidacy for isolated heart transplantation. However, evidence 

suggests that in CH fibrosis on liver biopsy is heterogeneous, advanced hepatic fibrosis is 

potentially reversible when normal cardiac function is restored, and most importantly pre-

transplant liver biopsies may not predict post-heart transplant hepatic outcomes.(2, 40) In a 

retrospective study including six patients with CH who received a combined heart-liver 

transplant and twenty one patients with CH who received a heart transplant alone, pre-

transplant laboratory values and liver biopsies were analyzed to determine their ability to 

predict post-transplant outcomes. Five out of six explanted livers from the combined heart-

liver transplant group demonstrated evidence of bridging fibrosis with sinusoidal dilation, 

but the fibrosis was extremely heterogeneous, with three of the six livers (50%) having 

significant areas of the liver that if biopsied would have appeared normal.(2) Also, although 

all six patients received a liver transplant, one explant did not show any evidence of bridging 

fibrosis.(2) In the twenty one heart alone recipients, only one of thirteen patients who had 

bridging fibrosis on liver biopsy died in the perioperative period, and the presence of 

bridging fibrosis did not significantly correlate with survival at one year post transplant.(2) 

Additionally, three of twenty patients whose biopsies demonstrated only stage 2 or 3 fibrosis 

showed prolonged liver failure postoperatively and all three patients died within twelve 

months following heart transplant.(2) No other known studies exist investigating the 

prognostic value of pre-heart transplant liver biopsies in patients with CH, but this 

provocative data suggests that biopsy determined fibrosis scores do not accurately predict 

hepatic complications in heart transplant candidates. Regardless, liver biopsy certainly still 

plays an important role in patients with hepatic dysfunction and heart failure, as it may be 

needed to rule out alternative etiologies of liver disease (i.e., NASH) and for evaluation for 

nodules that are suspicious for hepatocellular carcinoma.(40)

Lemmer et al. Page 6

Hepatology. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Diagnostic tools with the capability of estimating the summative fibrosis burden and 

function of the liver, rather than an isolated sample such as a liver biopsy, are attractive in 

CH given the heterogeneous nature of the fibrosis deposition. Transjugular measurement of 

hepatic venous pressure gradient (HVPG) is an invasive test gaining favor at select academic 

medical centers as some experts believe it aids in distinguishing whether portal hypertension 

is caused by heart failure or hepatic fibrosis. The HVPG is the difference between the 

wedged hepatic vein pressure (surrogate for portal vein pressure) and the free hepatic vein 

pressure (surrogate for inferior vena cava pressure).(41) In all patients with Fontan 

circulation it is expected that the free hepatic vein pressure and wedged hepatic vein 

pressure will be elevated due to chronically elevated right sided heart pressures. However, in 

theory, if the HVPG >6mm Hg (normal is <5mm Hg) then the portal vein pressure is 

significantly more elevated than the inferior vena cava pressure, suggesting that intrinsic 

liver fibrosis is significant enough alone to cause portal hypertension. Some academic 

transplant centers use a HVPG value of <12 mm Hg as a cutoff for offering isolated heart 

transplantation rather than requiring a combined heart liver transplant, however no validation 

studies exist demonstrating this cutoff carries clinical significance.(41)

Clearly, there are limited objective measures by which one can predict hepatic 

decompensation in patients with CH, and no absolute criteria exist for determining whether 

a patient with CH is a candidate for isolated heart transplant or may need to be listed for 

combined heart-liver transplant based on our current repertoire of diagnostic tests. 

Ultimately, this critical decision still must be made on a case-by-case basis mainly guided by 

expert opinion.

Hepatocellular Carcinoma in Congestive Hepatopathy – The Difficulty in 

Distinguishing Regenerative Nodules from Malignancy

In all forms of liver disease one of the most feared outcomes is the development of 

hepatocellular carcinoma (HCC). The prevalence of HCC in CH appears to be highest in the 

post-Fontan population at approximately 5% and the greatest risk factor for HCC in this 

population is time since the Fontan procedure (median 22 years post-Fontan, IQR: 10–29 

years).(42) Distinguishing HCC from other atypical nodules found on hepatic imaging can 

be difficult in CH. Evidence shows that the radiographic finding of delayed venous washout 

within a liver nodule is not specific for HCC in post-Fontan patients, likely due to retained 

contrast by the background parenchyma and not necessarily the nodule itself.(43) Significant 

change in appearance of a nodule over 24 months, a heterogeneous appearing mass, a portal 

thrombus, and elevated AFP are more specific for HCC in CH.(43) No guidelines currently 

exist for screening for HCC or diagnosing HCC in CH or FALD. However, based on limited 

available evidence our expert opinion is that in post-Fontan patients it may be reasonable to 

begin screening for HCC at 15–20 years after the operation. In addition, in all CH patients 

with atypical appearing nodules with delayed venous washout these lesions may require 

biopsy to confirm the diagnosis if no other frank evidence of malignancy is present on 

imaging given the lack of specificity of this finding in a congested liver.
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Summary and Future Directions

Identifying validated markers for the presence of liver fibrosis and predicting clinical 

outcomes in CH is necessary to provide evidence-based guidelines on the initiation of 

screening for complications of cirrhosis including HCC, and for predicting a patient’s risk of 

hepatic decompensation from a major surgery such as heart-transplantation. After an 

extensive review of the available literature it appears that almost all standard serum markers 

and clinical risk calculators do not reproducibly correlate with the stage of liver fibrosis on 

biopsy or meaningfully predict risk of future hepatic decompensation or reserve. The 

MELD-XI may have the most utility in predicting liver fibrosis staging by biopsy and in 

predicting important cardiac outcomes in patients with CH including one-year survival post-

heart transplantation. However, the correlation with liver fibrosis appears modest at best and 

no studies have validated the MELD-XI for hepatic specific clinical outcomes.

Radiographically, the appearance of a nodular or heterogeneous liver on standard imaging is 

not sufficient to diagnosis cirrhosis in CH. Liver stiffness scores seem to provide little value 

in CH due to the uniform elevation in liver stiffness in all patients without differentiation 

between congestion and fibrosis, although a small body of evidence suggests that liver 

stiffness and spleen stiffness calculated specifically by MRE may have some correlation to 

the stage of liver fibrosis on biopsy. New advances in imaging techniques, such as MRI with 

DWI, may have the potential to differentiate fibrosis from congestion but require further 

study. Invasive testing such as transjugular measurement of HVPG may be needed in 

patients with CH. However, although an elevated HVPG >6mmHg theoretically represents 

intrinsic liver fibrosis rather than cardiac induced portal hypertension, this threshold has not 

been evaluated for prediction of hepatic decompensation events and survival after heart 

transplantation, so its clinical utility remains unknown in CH. Finally, patients with CH and 

especially FALD are at significant risk of HCC. Delayed venous washout within a hepatic 

nodule is not necessarily specific for HCC in CH and a guided biopsy may be needed to 

confirm a diagnosis of HCC. A high index of suspicion for HCC is needed in these patients 

for accurate and early diagnosis.

The most significant revelation from this review is that liver biopsy may not accurately 

predict post-heart transplant hepatic outcomes and mortality, suggesting that isolated liver 

biopsy may not be the gold standard for determining irreversible fibrosis and hepatic reserve 

that it represents in other forms of liver disease. This discovery suggests that future studies 

of serum, imaging, and invasive tools within the CH population may only be clinically 

relevant if they are validated against clinical outcomes rather than histologic fibrosis scores. 

Thus, there is a need for large multi-center studies with adequate power to detect significant 

associations between potential biomarkers and clinical outcomes in CH. Given the lack of 

currently effective tools to accurately estimate clinical outcomes in patients suffering from 

CH, it seems paramount to investigate novel biomarkers of fibrosis, liver reserve, and liver 

function to help fill the gaps in our understanding of this complicated disease.

Acknowledgments

Funding Source: Dr. Lemmer and Dr. Ganger are supported by the Digestive Health Foundation Research Grant. 
This is an institutional grant affiliated with Northwestern University Division of Gastroenterology and Hepatology.

Lemmer et al. Page 8

Hepatology. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Dr. VanWagner is supported by the National Institutes of Health's National Center for Advancing Translational 
Sciences (KL2TR001424).

Dr. VanWagner is on the speaker’s bureau for Salix and receives research grant support from Novartis and 
Advanced Magnetic Resonance Analytics (AMRA) outside the submitted work. Dr. Daniel Ganger is on the 
speaker’s bureau for Gilead and Merck and receives grant support from the NIDDK as part of the Acute Liver 
Failure Study Group outside the submitted work.

List of Abbreviations (in order of appearance)

CH Congestive hepatopathy

FALD Fontan associated liver disease

AST Aspartate aminotransferase

ALT Alanine aminotransferase

GGT Gamma glutamyl transferase

PPV Positive predictive value

NPV negative predictive value

APRI AST to platelet ratio index

FIB4 Fibrosis-4 score

MELD-XI Model for End-Stage Liver Disease without INR

MELD Model for End-Stage Liver Disease

DWI Diffusion-weighted imaging

IVIM intravoxel incoherent motions

ADC Apparent diffusion coefficients

TE Transient elastography

ARFI Acoustic radiation force impulse elastography (ARFI)

MRE Magnetic resonance elastography

HVPG Hepatic venous pressure gradient
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Figure 1. 

Lemmer et al. Page 13

Hepatology. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lemmer et al. Page 14

Table 1

Summary of Correlation Between Non-Invasive Biomarkers and Fibrosis on Liver Biopsy

Biomarker Author Number of Subjects Population Studied Effect Estimate - (P Value)

AST Surrey9 74 Post-Fontan R2 = 0.08 (0.5)

AST Wu, FM10 68 Post-Fontan R2 = No Significant Correlation*

ALT Surrey9 74 Post-Fontan R2 = −0.06 (0.6)

ALT Wu, FM10 68 Post-Fontan R2 = No Significant Correlation*

Alkaline Phosphatase Surrey9 74 Post-Fontan R2 = 0.03 (0.8)

Alkaline Phosphatase Wu, FM10 68 Post-Fontan R2 = No Significant Correlation*

GGT Surrey9 74 Post-Fontan R2 = 0.14 (0.25)

GGT Wu, FM10 68 Post-Fontan R2 = No Significant Correlation*

GGT Goldberg6 67 Post-Fontan R2 = 0.21 (0.09)

Total Bilirubin Surrey9 74 Post-Fontan R2 = 0.19 (0.12)

Total Bilirubin Wu, FM10 68 Post-Fontan R2 = No Significant Correlation*

Albumin Surrey9 74 Post-Fontan R2 = 0.08 (0.51)

Albumin Wu, FM10 68 Post-Fontan R2 = Value Not Reported But Significant (0.05)

Platelet Count Surrey9 74 Post-Fontan R2 = 0.004 (0.97)

Platelet Count Wu, FM10 68 Post-Fontan R2 = No Significant Correlation*

Platelet Count Goldberg6 67 Post-Fontan R2 = −0.04 (0.75)

Platelet Count Schwartz11 13 Post-Fontan Odds Ratio = 0.84 (0.04)

Prothrombin Time Surrey9 74 Post-Fontan R2 = 0.25 (0.034)

Prothrombin Time Wu, FM10 68 Post-Fontan R2 = No Significant Correlation*

Prothrombin Time Goldberg6 67 Post-Fontan R2 = 0.15 (0.25)

MELD Louie2 21 Pre-Heart Transplant R2 = No Significant Correlation*

MELD-XI Louie2 21 Pre-Heart Transplant R2 = No Significant Correlation*

MELD-XI Evans14 70 Post-Fontan R2 = 0.4 (0.003)

MELD-XI Wu, FM10 68 Post-Fontan R2 = No Significant Correlation*

FibroSURE Wu, FM13 27 Post-Fontan PPV = 33.3%, NPV =52.6%

Hyaluronic Acid Wu, FM13 27 Post-Fontan PPV = 33.3%, NPV = 38.5%

*
Author does not report value, but reports non significant correlation in text

 indicates statistical significance
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Table 2

Average Liver Stiffness Scores in Congestive Hepatopathy Compared to Healthy Controls

Liver Stiftness Tool Author Number of Subjects Average Liver Stiffness Score (CI) Upper Limit Values of Healthy 
Controls*

Transient Elastography Wu, FM22 45 21.4 kPa (10.6-32.2) 7 kPa

Transient Elastography Yoo24 46 21.1 kPa (13.1–29.1) 7 kPa

ARFI Melero-Ferrer4 21 1.86 m/s (1.36–2.36) 1.44 m/s

MR Elastography Poterucha21 50 5.5 kPa (4.1–6.9) 3.44 kPa

*
Cutoffs obtained from UpToDate®
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Table 3

Correlation Between Time Since Fontan Procedure and Liver Stiffness Scores

Liver Stiftness Tool Author Number of Subjects Effect Estimate (P Value)

Transient Elastography Friedrich-Rust19 39 R2 = 0.544 (0.002)

Transient Elastography Wu, FM22 45 R2 = 0.41 (0.003)

MR Elastography Poterucha21 50 R2 = 0.3 (0.03)
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