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Abstract

A Fontan circulation requires a series of three-staged operations aimed to palliate patients with
single-ventricle CHD. Currently, the most frequent technique is the extracardiac total cavopul-
monary connection, an external conduit connecting the IVC and right pulmonary artery,
bypassing the right side of the heart. Fontan candidates must meet strict criteria; they are
assessed utilising both cardiac catheterisation and cardiac magnetic resonance.
Postoperatively, treatment protocols prioritise antibiotic prophylaxis, diuretics, angiotensin-
converting enzyme inhibitors, anticoagulation, and oxygen therapy with fluid restriction
and a low-fat diet. These measures aim to reduce length of stay in the ICU and hospital by
preventing acute complications such as infection, venous thromboembolism, low cardiac out-
put, pleural effusion, and acute kidney injury. Late complications of a Fontan procedure include
circulation failure, protein-losing enteropathy, plastic bronchitis, and Fontan-associated liver
disease. The definitive management is cardiac transplantation, with promising innovations in
selective embolisation of lymphatic vessels and Fontan-specific ventricular assist devices.
Further research assessing current protocols in the perioperative management of Fontan
patients would be beneficial for standardising current practice and improving outcomes.

In 1971, Francis Fontan outlined the Fontan procedure, the third and final stage of surgical
palliation aimed at improving the survival of patients with single-ventricle congenital heart
disease.! The Fontan procedure allows passive systemic venous return to the lungs, by
bypassing the single ventricle.?

Palliation of a univentricular heart is normally performed as a staged reconstruction in a
series of open-heart procedures to allow the heart and lungs to progressively adapt to the
changes in blood flow various congenital cardiac malformations may result in a Fontan circu-
lation after reconstruction (Fig 1a—c). The first operation is the Norwood procedure. Usually
performed when the baby is around 1-2 weeks old, it commonly utilises a modified Blalock—
Taussig (BT) shunt or a direct conduit from the right ventricle to the pulmonary artery (Sano
technique)®. This is combined with reinforcement of the aorta, by connecting the main pulmo-
nary artery body to the aorta, with or without a patch (Fig 1d). The second stage is the Glenn
operation that occurs when the infant is 2-6 months old. At this point, the Norwood shunt has
often been outgrown and can now be ligated.® In this operation, an anastomosis between the
superior vena cava (SVC) and right pulmonary artery is created (Fig le). At age 1-5 years,
the third and final stage of Fontan palliation is completed when the pulmonary arteries are
of sufficient size and strength, and can allow for a low pulmonary vascular resistance (PVR).?

Three different variations of the Fontan procedure exist, evolving originally from the ven-
triculisation of the right atrium, otherwise known as the atriopulmonary connection (Fig 1f).
This classical technique was associated with turbulent flow in the right atrium, due to the col-
lision of streams from the superior and inferior vena cava (IVC). This decreased pulmonary
perfusion and increased the incidence of late complications including thrombus formation,
arrhythmias, and atrial dilation.* The “lateral tunnel” total cavopulmonary connection
(TCPC) modification was then developed (Fig 1g).*> This involves creating a tunnel within
the right atrium using an intra-atrial patch and suturing the SVC directly to the right pulmonary
artery. As a result, excessive atrial dilation is avoided, improving pulmonary flow and reducing
thromboembolic risk. However, extensive atrial suture lines remain a risk for arrhythmia
development.*®

The “lateral tunnel” was then modified into the extracardiac total cavopulmonary connec-
tion (ECC) (Fig 1h), with the aim of reducing this risk. This operation bypasses the right atrium
entirely through the insertion of an extracardiac conduit between the IVC and the right
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Figure 1. Diagram of anatomical considerations and procedures including variations of the Fontan. Cardiac malformations such as tricuspid atresia (a), double inlet left ventricle
with L-looped ventricles and transposition of the great arteries (b), and hypoplastic left heart syndrome, (c) can be converted to a Fontan circulation, which is normally completed
in stages. The first operation, the Norwood procedure (d), is usually performed at 1-2 weeks, with the aim of providing adequate pulmonary blood flow, lowering pulmonary
vascular resistance, and lowering ventricular load. This involves creating an aortopulmonary connection via a Sano (d.1) or Blalock-Taussig (d.2) shunt. The Glenn procedure (e) is
the second stage and involves creating an anastomosis between the superior vena cava and the right pulmonary artery. The last stage of palliation is the Fontan procedure. Three
variations exist including the “classical” atriopulmonary connection (f), the lateral tunnel total cavopulmonary connection (g), and the extracardiac total cavopulmonary con-
nection (h) where, depending on the patient, the conduit may be fenestrated and connected to the lateral atrial wall. There is ongoing discussion about the benefits of fenestra-
tion. The atriopulmonary connection is rarely performed now due to increased complications such as thrombus formation, arrhythmias, and atrial dilatation.

pulmonary artery.” There is ongoing debate about whether the
ECC or “lateral tunnel” is better, with consideration of factors such
as risk of arrhythmia development, risk of thromboembolic events
and optimal haemodynamics.®

With risk minimisation at the core of preoperative assessment, in
1977, Choussat et al as cited by Stern proposed a list of “ten com-
mandments”;®’ a series of optimal characteristics of Fontan can-
didates (Table 1). Since 1977, these criteria have been amended and
revised by individual centres with the aim of improving procedure
success rates. These amendments reflect advances in preoperative
assessment, intraoperative surgical techniques and postoperative
management.” Preoperative investigations for Fontan candidates
can include echocardiography (ECHO), cardiac catheterisation
(CC), and cardiac magnetic resonance (CMR).2

Full haemodynamic cardiac catherisation enables the measure-
ment of various cardiac and respiratory parameters. Data collected
through CC includes transpulmonary gradient (TPG); end-
diastolic pressure; PVR; mean pulmonary artery pressure (mPAP);
and common atrial pressure. This is enabled through a set of direct
calculations for blood flow and resistance as well as estimates and
direct measurements.” However, due to the added risk of cancer
from ionising radiation,? there has been a growing interest for sub-
stitution of CC with less invasive methods.”!!
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Despite this, a recent cohort study aiming to compare CC with
ECHO found that patients requiring systemic to pulmonary
arterial or left SVC embolisation were not detected by ECHO.
In a minority of patients, significant new diagnostic information
was revealed through CC, which may have resulted in postpone-
ment or exclusion of a Fontan procedure.’

Whilst angiographical catherisation allows for a therapeutic
approach in selected cases, its invasive nature makes it less ideal
for patients without a need for its therapeutic effect. Accordingly,
there is mounting interest in the less-invasive CMR. CMR may
be limited by intrinsic factors such as spatial resolution, lack of
patient cooperation, and contraindications in patients with metal-
lic devices. However, it offers high diagnostic value through assess-
ment of cardiovascular morphology, ventricular function, and
blood flow, through phase contrast flow, cine imaging and mag-
netic resonance angiography.!”> CMR is more commonly used
for post-surgical care but it has been adapted to provide valuable
insight in pre-surgical planning.!* To benefit from the radiation-
free environment offered by CMR as well as the therapeutic advan-
tage of CC, an algorithm has been proposed which seeks to elimi-
nate the need for CC in some patients,® illustrated in Figure 2.

Another similar protocol was based on conducting non-invasive
assessments including ECHO, medical history taking, and non-
invasive angiography on patients for whom Fontan was previously
excluded by CC was able to correctly identify all the patients who
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Table 1. Selection criteria for optimal surgical candidates for Fontan procedure
from Choussat et al (1977) as seen in Stern (2010)%7

Cardiovascular factors Sinus rhythm

Normal systemic venous return

Mitral value sufficiency

Normal right atrial volume

Left ventricular ejection fraction >0.60

Pulmonary factors Mean pulmonary artery pressure

<15 mmHg

Pulmonary arteriolar resistance <4 Wood
units/m?

Pulmonary artery-aorta ratio >0.75
(satisfactory pulmonary artery size)

Absence of pulmonary artery distortion

Other factors Age >4 years

Table modified from Stern (2010).”

Candidates for Fontan

[ Medical History, ECHO, CMR J

One or more of the following

1) Complicated post Glenn course

2) Severe A-V valve regurgitation

3) Ventricular EF < 50%

4) Suspected systemic obstruction

5) Suspected Glenn anast. or pulm. arteries/veins obstruction
6) Suspected significant veno-venous collaterals

7) Suspected aorto-pulmonary collaterals

8) Contradictory or incomplete clinical-instrumental findings

9) Indications for interventional procedures

/

No,

Cardiac CC +

Interventional CC

FONTAN

Figure 2. A summary of algorithm for preoperative assessment of Fontan candidates
reprinted from Ait-Ali et al®. ECHO=Echocardiogram; CMR=Cardiac magnetic reso-
nance; CC=Cardiac Catherisation. Candidates for Fontan are assessed with a medical
history, ECHO, and CMR imaging. If any of the underlying criteria (1-9) is present, the
patient should be considered for CC. This minimises the exposure of all Fontan can-
didates to radiation in CC.

Excluded from
FONTAN

were deemed not fit for the Fontan operation by cardiac catheter-
isation.!* Accordingly, a coherent and precise system should be
considered before considering phasing out CC based on institu-
tional experience and strength in imaging modalities.
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Postoperative ICU management after the Fontan procedure
involves monitoring, respiratory and cardiac support, and medica-
tion infusions to aid recovery. In Fontan patients specifically, a left
atrial line and pulmonary artery catheter are utilised to monitor the
TPG and to enable sufficient pulmonary perfusion.!”> Oxygen sat-
urations should be near normal in non-fenestrated Fontan
patients; hence, hypoxaemia may indicate complications caused
by lung pathology preventing gas exchange, the presence of pulmo-
nary arteriovenous or venovenous malformations or increased
oxygen demand such as in sepsis or reduced cardiac output (CO)."

Several protocols (Table 2) have been published with the aim of
lowering incidence of postoperative and prolonged pleural effu-
sions (PPE) and hospital length of stay (LOS) in post-Fontan
patients. These protocols, focusing on standardised diuretic regi-
mens, afterload reduction, anticoagulation, low-fat diets, fluid
restriction, and continuous oxygen therapy, have improved out-
comes for Fontan patients by reducing hospital LOS and chest tube
drainage.>!%1® Whilst these results are promising, further multi-
centre randomised controlled trials are needed to provide stronger
evidence for the use of a standardised approach and to determine
which approach is best to manage Fontan patients in the postop-
erative period.

It is difficult to recommend standardised antibiotic prophylaxis
protocols for paediatric cardiac surgery patients due to microbial
sensitivity variability. Furthermore, antibiotic pharmacokinetics in
paediatric patients undergoing cardiopulmonary bypass (CPB) is
not fully known.?® A suggested schedule has been proposed cover-
ing preoperative nasal swab screening and treatment of
Staphylococcus aureus with Mupirocin, intraoperative prophylaxis
with cefazolin with vancomycin added if MRSA colonisation is
present, and continuation of antibiotics for 48 hours postopera-
tively (prolonged if delayed sternal closure or ECMO or VAD).
However, more research is needed to determine and investigate
an optimal protocol.?

Predictors for early Fontan failure include heterotaxia, low preop-
erative arterial oxygen saturations, and systemic right ventricle.!
Lower oxygen saturations, higher haemoglobin, and increased pul-
monary arterial pressure (PAP) are all associated with prolonged
ICU LOS,?* suggesting that interventions to optimise the pulmo-
nary circulation prior to surgery may improve postoperative out-
comes. Postoperative complications such as PPE, chylothorax,
ascites and infection,® AKI,** cardiac abnormalities (such as car-
diac arrest, tachyarrhythmias) or the need for unplanned interven-
tion (such as cardiac catheterisation or reoperation), ventilatory
and circulatory support, prolonged chest tube drainage, renal
replacement therapy (RRT), or blood product transfusion are all
associated with increased LOS.?> Considering these risk factors,
an evidence-based protocol to safely step down Fontan patients
from ICU for ward-based management would be useful.

Early extubation after paediatric cardiac surgery is considered
safe and is associated with shorter ICU and hospital lengths
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Table 2. Summary of Fontan-specific postoperative management protocols

8LL

Cava et al (2005)

Pike et al (2015)

Sunstrom et al (2015)

Erglin et al (2020)

Lagergren et al (2020)

Diuretics Furosemide*: POD 1 start IV Furosemidet: POD 1 start IV Furosemide: POD 1 (1 mg/kg) every Furosemide: POD 1 (1 mg/kg/24 hours) Furosemide: POD 1 (1 mg/kg) every
(1 mg/kg) every 8 hours (1 mg/kg) every 6-8 hours: con- 8 hours. switch to PO in two divided doses 8 hours. Transition to PO the day
vert to oral TDS before dis- once drains removed prior to anticipated chest tube
charge removal. Minimum discharge
diuretic regimen PO TDS - start regi-
men 24-48 hours prior to discharge.
When PO liquids: When PO liquids: Consider adding Spironolactone or Spironolactone: (1 mg/kg/24 hours) Chlorothiazide: (5-10 mg/kg) PO
Hydrochlorothiazide* + Chlorothiazidet + Chlorothiazide. PO in two divided doses every 12 hours once tolerating PO
Spironolactone*(1 mg/kg) Spironolactonet (1 mg/kg) diet. May use IV (5 mg/kg) instead
every 12 hours every 12 hours of PO if more diuresis required
Adjust diuretics prior to discharge. Spironolactone: (1 mg/kg) PO every
12 hours once tolerating PO diet.
ACEi Captopril* (maximum 1 mg/ Enalaprilt,} (starting dose If inotropes are weaned, discontinue Lisinopril (0.1 mg/kg/24 hours) single

kg/dose) when enteral feeds
initiated

0.05 mg/kg/dose) every
12 hours

milrinone and initiate ACEi.

dose

Anticoagulation

Warfarin 0.5 mg orally every
evening (INR target 1.5-2.0)

Aspirin: POD 0

Heparin: Postoperative hour 6 (15U/
kg/hour) if no bleeding. Stop POD 1 if
no bleed

Suppository (5 mg/kg) rounded to
nearest 20 mg.

Enoxaparin (1 mg/kg/24 hours). Stop
at discharge

Not specified due to change in sur-
geons and their preferences for
warfarin versus aspirin for fenes-
trated Fontans.

POD 1-5 transition to oral until
INR > 1.5. Stop at discharge.

Heparin: POD 0-1 drip at 20U/kg/hour
when no signs of excessive clinical
bleeding.

POD 2-3 drip held for 4 hours for intra-
cardiac line removal, restarted after.

POD 4-5 drip continued for 48 hours
after initiation of Warfarin and if
INR < 1.5.

Warfarin: POD 2-3 initiated after intra-
cardiac line removal. Consider 0.2 mg/
kg x 2 doses then decreased to

0.1 mg/kg x 2 doses then decreased
to 0.1 mg/kg. Goal: INR 2-3 but may
discharge if INR > 1.5. Follow-up in
anticoagulation clinic.

Aspirin: 5 mg/kg/day PO initiated at
discharge

‘& 39 YMEYSIY ‘N
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Diet Low-fat diet* consisting of
30% daily calories from fat

Clear liquids

POD 1 Low-fat diet

Low-fat diet 30% daily calories
from fat

Advance to low-fat diet for
6 weeks (30% daily kcal from
fat)

Continue for 6 weeks if chylous output

If chest tube drainage >7 days, fat is
withdrawn from diet except medium-
chain triglycerides. Oral feeding
ceased + TPN if drainage is continued

Low-fat diet to continue 2 weeks
after chest tube removal or 6 weeks
if chylous drainage

Fluids Restriction: 80% maintenance  Restriction: 80% maintenance POD 0 - 50% maintenance Restriction: 80% daily fluid require- Restriction: 80% maintenance (lib-
ment eralise to 100% maintenance
48 hours before discharge), Free
water restriction max 6 oz. per day
(liberalise to 12 oz on discharge)
POD 1 - 50% maintenance until Water restriction to be removed at
adequate oral intake. restriction: 80% first postoperative follow-up.
maintenance
POD 2 - until chest tube removal
restriction: 80% maintenance
Oxygen Minimum 0.5 L 100% oxygen Minimum 0.5 L 100% oxygen via ~ Minimum 0.5 L 100% Oxygen regard- 0.5 L/minute nasal oxygen supply until ~ Minimum 0.5 L oxygen via nasal
via nasal cannula regardless nasal cannula until all chest less of oxygen saturation, until chest drain removal cannula continuously until removal
of systemic saturation tubes removed tube removal of chest tubes
Other Chest tubes are removed Chest tubes are removed when Extubate in operating room if pos- Sildenafil: (3 mg/kg/day) PO, three Central Venous Access: PICC line in
when drainage decreased to sible. doses Interventional Radiology POD1-3
<2 ml/kg/24 hours for medication administration and
laboratory draws
End point of protocol was (1) Patient demonstrates ability =~ Coag labs: Chest tubes removed when drainage Excessive chest tube output >250-
chest tube removal to take a low-fat diet <2 ml/kg/24 hours. 300 ml/24 hours after POD 3 or
20 ml/kg/24 hours:
(2) Patient meets minimal (1) POD 0 - AT3 level check at least  Catheter angiography used to detect (1) Consider labs minimum biweekly
chest tube output criteria daily and replaced if necessary. and correct residual pathologies if
(<2 ml/kg/24 hours) Goal: AT3 > 0.9U/ml. Heparin level need for ongoing drainage >14 days
is drawn 12 hours after initiation or if need for transcatheter fenestra-
tion in the case of high Fontan pres- X : T
(2) POD 1 - chest tube removavl A3 e wriideni: residell pathology (2) Co!15|der .llb.eralls.atlon qf 80%
replaced as necessary, Heparin fluid restriction with cardiology
level daily whilst on Heparin and surgeon input before initia-
tion.
Outcomes (1) Reduced hospital LOS (1) Reduced chest tube drainage (1) Reduced chest tube drainage (1) Reduced chest tube drainage (1) Reduced hospital LOS without
X T . X : ; increase in readmissions
(2) Reduced duration of (2) Reduced incidence of (2) Reduced chest drain duration (2) Reduced drain duration
chest tube drainage prolonged drainage
(>1 week)
(3) Reduced need for pleural (3) Reduced readmission with  (3) Reduced ICU LOS (3) Reduced need for prolonged

sclerosis

effusions

drainage

(4) Reduced need for NBM/TPN
to control effusions

(5) Reduced hospital LOS

(4) Reduced hospital LOS

(4) Reduced hospital LOS

ACEi = Angiotensin-converting enzyme inhibitor; AT3 = Antithrombin 3; ICU = Intensive care unit; IV = Intravenous; LOS = Length of stay; PICC = peripherally inserted central catheter; PO = Per oral; POD = Postoperative day; TPN = Total parenteral nutrition;

LOS = Length of stay.
*Duration and discharge regimen not specified.

tOral medications continued as outpatient for 2 weeks and weaned as per patient’s cardiologist.
{Titration based on patient tolerance and echocardiogram findings of systemic atrioventricular valve regurgitation.
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of stay (LOS).2>%" It is also associated with improved haemody-
namics such as improved mean arterial pressure (MAP),26?
reduced mean pulmonary arterial pressure (mPAP) and
increased CO,?® lower inotrope scores,”® lower fluid balance,
and less fluid administration,’®*” and shorter duration of
mechanical ventilation and chest tube duration with no adverse
effects on morbidity and mortality.?>?®* Pain relief, whilst
important for recovery, can affect ventilation. Use of excessive
opioids should especially be avoided in Fontan patients due to
the potential for respiratory depression, which may worsen CO
due to reduced venous return and pulmonary blood flow.

After the Fontan procedure, the patients are at risk of Low Cardiac
Output Syndrome (LCOS). This may be due to multiple factors such
as CPB, inadequate preload, elevated PVR, increased afterload,
arrhythmias, thrombosis or obstruction in the systemic veins, or ven-
tricular diastolic/systolic failure.

Simple, conservative measures to improve CO should be
implemented such as elevating the head of the bed, bending
the knees, and strict fluid management to ensure adequate central
venous pressure and venous return. Medical management
includes inodilators; agents that increase ventricular contractility
and reduce afterload. Both dobutamine and milrinone are shown
to be equally effective in reducing the risk of LCOS; however, evi-
dence suggests milrinone has greater efficacy in afterload
reduction.?’

Whilst inotropes are useful postoperatively, they will not
increase CO to the same level as biventricular patients, as the main
determinant of CO in the Fontan circulation is the level of PVR,
not ventricular contractility.*® Optimising perfusion pressure
instead of focusing on maximising CO, by favouring low-dose dop-
amine agonists and lusitropic agents (milrinone) has been shown
to improve mortality and reduce ventilation times in paediatric
cardiac surgery patients.’! Fenestration improves CO at times of
high PVR by allowing diversion of blood from the “bottle-neck”
of the circuit to the heart.*® More research into short-term benefits
of fenestration is needed as whilst it also reduces PAP and reduces
the risk of PPE, a recent meta-analysis suggests no significant
difference in intrahospital mortality and LOS compared to non-
fenestrated patients.>

Although ACE inhibitors are used in some postoperative man-
agement algorithms, there is insufficient evidence supporting their
use in Fontan patients with normal ventricular function in both the
short and long-term.*®

Alongside milrinone, patients with high pulmonary pressures can
be given inhaled Nitric Oxide (iNO), a pulmonary vasodilator.**
Further investigation is warranted into the use of iNO with
high-flow nasal oxygen therapy, as evidence shows this may reduce
the duration of postoperative intubation, pleural draining,
and LOS.*®

Sildenafil, a PDE-5 inhibitor and Ambrisentan, a hepatically
metabolised endothelin receptor antagonist, can also be used post-
operatively to dilate the pulmonary vasculature. Small trials have
shown improved haemodynamics, lower use of inotropes, and
reduced intubation times with Sildenafil use post-Fontan pro-
cedure.***’ Similarly, Ambrisentan administration lowers B-type
natriuretic peptide (BNP) levels, Fontan pressures, and PVR.*

https://doi.org/10.1017/51047951120004618 Published online by Cambridge University Press
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Whilst postoperative arrhythmias can occur after the Fontan pro-
cedure, novel surgical techniques that avoid handling and scarring
of the atria reduce this risk. Early postoperatively, atrioventricular
(AV) valve regurgitation is a predictor for arrhythmia and after 2
weeks postoperatively, older age at Fontan and high mPAP become
predictors.®® Predictors for late arrhythmia include atriopulmo-
nary Fontan or advanced age at operation.** Management includes
pacing and anti-arrhythmic medications; however, the proarrhyth-
mic effect of 1C anti-arrhythmics and amiodarone-induced thyro-
toxicity should be carefully considered when prescribing these
medications in Fontan patients.*! For patients with recurrent atrial
arrhythmia, first catheter ablation, and then conversion surgery
should be attempted. Up to 25% of Fontan patients require epicar-
dial pacing to manage late arrhythmias.*

Thrombosis risk is highest immediately after Fontan, with
prolonged central venous line use, uncontrolled warfarin prophy-
laxis, and lower fraction of inspired oxygen (FiO,) after the pro-
cedure all increasing risk.*” Thrombosis risk is ongoing after
discharge with venous thromboembolism incidence reported as
high as 22% at 2 years post-Fontan procedure.*’ Because of this,
thromboprophylaxis with warfarin or aspirin is continued long-
term, with a meta-analysis showing little difference in efficacy
between the two (9 and 8.6%, respectively, versus 18% in non-anti-
coagulated Fontan patients).* Further evidence is needed to evalu-
ate the use of direct oral anticoagulants in Fontan patients.

Postoperative development of pleural effusions and chylothorax is
a result of increased capillary permeability after CPB, systemic
venous hypertension, prolonged mechanical ventilation, and alter-
ations in fluid and electrolyte balance hormones. Intraoperative
trauma to the thoracic duct and lymphatics can also contribute.
Both can be diagnosed with a plain chest radiograph and pleurod-
esis with laboratory analysis. Management involves drainage, usu-
ally via an intercostal tube and drain, and control of fluid overload
with diuretics.!®* In patients with chylothorax with minimal
drainage, conservative management with a low-fat diet and failing
this, total parenteral nutrition and somatostatin analogues may be
effective. Failure to resolve, or excessive drainage, may require sur-
gical intervention.*®

Risk factors for AKI after the Fontan procedure include preopera-
tive AV valve regurgitation greater than mild, preoperative PVR,
bypass time, renal perfusion pressure (RPP), and peak inotrope
score on postoperative day 0.* Lower RPP is associated with a
higher risk for stage 2/3 injury.”* Management of AKI after
paediatric cardiac surgery involves maintaining CO, avoiding
potassium-based fluids and nephrotoxic drugs, maintaining fluid
balance and serum electrolytes, and ensuring adequate nutrition.*®
Renal replacement therapy (RRT) can be used if patients continue
to experience worsening kidney function.®

Today, short-term survival after the Fontan procedure is reported
to be as high as 98%.°" Medium-term outcomes are also promising,
with transplant-free survival rates as high as 95% at 5 years.>® The
estimated survival for a Fontan patient operated on today is as high
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Long-term Fontan complication

Surveillance method to allow early detection

Management

Arrhythmia

ECG surveillance at yearly clinical review

Anti-arrhythmic medications (caution with type 1C
anti-arrhythmics and amiodarone)

Holter monitoring or implantable loop recorders
once every 5 years after Fontan procedure, or yearly
if there is clinical concern of arrhythmia.

Catheter ablation

Conversion surgery (if atriopulmonary type)

Venous thromboembolism

Regular LFT and coagulation screen biochemistry at

Anticoagulation therapy of warfarin or aspirin

yearly clinical review

NOACs are likely a suitable alternative (but limited evidence)

Fontan circulation failure

Cardiopulmonary exercise tests every 3 years, at

Diuretics, ACE inhibitors, B-blockers

transition periods, or if there is clinical concern

BNP monitoring at yearly clinical review

Bridges to transplantation:
« Fenestration creation
« Mechanical circulatory support

Transthoracic echocardiography at yearly clinical

review

Cardiac transplantation

CMR every 3 years from age they can withstand

procedure without anaesthesia

Fontan-specific ventricular assist devices

Fontan-associated liver disease
Fontan

Two-pass liver biopsy commencing 10 years post-

Combined heart and liver transplantation

Protein-losing enteropathy

Albumin levels monitored at yearly clinical review

High-protein and low-fat diet

Medical: Diuretics, Budesonide, Spironolactone, Octreotide

Surgical: Atrial level fenestration, selective embolisation of
lymphatic vessels

Plastic bronchitis

Pulse oximetry monitored at yearly clinical review

Chest physiotherapy

Oxygen therapy

Medical: Pulmonary vasodilators, diuretics, bronchodilators

Surgical: Selective embolisation of lymphatic vessels

BNP = B-natriuretic peptide; CMR = Cardiac magnetic resonance; ECG = Electrocardiogram; LFT = Liver function tests; NOAC = Novel oral anticoagulants.

as 85% at 30 years."”! Complications that significantly increase
mortality include arrhythmia, protein-losing enteropathy (PLE),
and venous thromboembolism.! A summary of long-term compli-
cations, recommended surveillance measures for early detection,
and methods of management are summarised in Table 3.

Symptoms of heart failure are reported in up to 40% of adults with
a Fontan circulation.®® There are two forms of heart failure seen; the
typical ventricular pump dysfunction and the physiological conse-
quence of a chronically reduced CO paired with persistently elevated
systemic venous pressures. Heart failure signs and symptoms are a
major cause of admissions in Fontan circulation patients.! BNP,
cardiopulmonary exercise testing and echocardiography may be used
to track significant changes indicating Fontan failure.>

Initial management of Fontan failure involves comprehensive
imaging, including the use of transthoracic echocardiography
and CMR. This is particularly to rule out the presence of an
obstruction, which would be managed by cardiac catheterisation.>*
Other management options include diuresis to lower filling pres-
sures and alleviate symptoms. Standard heart failure management
such as ACE inhibitors are commonly used in Fontan patients:
however, their benefit requires further investigation.® There is
limited evidence supporting cardiac resynchronisation therapy,
which is shown to have mixed results.*®

As a bridge to transplantation for failing Fontan patients, both
fenestration creation and mechanical circulatory support can be
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utilised. Transplantation is often the last resort for the failing
Fontan resistant to other forms of management.”” Early transplant
referral is beneficial for improving survival. Alongside transplant
scarcity, there are no clear guidelines on transplant suitability
for Fontan patients, particularly regarding the preferred timing,
indications, and contraindications. Additionally, Fontan trans-
plant candidates are more likely to be listed at the lowest urgency
status compared to non-congenital heart disease candidates and
have a higher cardiovascular mortality when waiting for a trans-
plant.®® Evidence suggests better survival outcomes in paediatric
Fontan transplant recipients, with paediatric 1-year survival after
transplant as high as 89% compared to 65% in adults.’®*%* Other
last-resort options include ventricular assist devices,®' with
Fontan-specific devices being a promising field for future manage-
ment of Fontan patients.

Patients with a Fontan circulation have increased risk for Fontan-
associated liver disease (FALD) due to physiological consequences
of a Fontan circulation, such as elevated systemic venous pressures
causing hepatic congestion and reduced CO causing hepatic hypo-
perfusion. Incidence of severe liver fibrosis on liver biopsy is as
high as 68% in post-Fontan patients.®> Surveillance of Fontan
patients for FALD should occur around 10 years after surgery;
however, the methods of this surveillance are contraversial.
Recent evidence suggests that liver enzymes are rarely elevated
in stable FALD and that ultrasound may fail to detect smaller


https://doi.org/10.1017/S1047951120004618

782

Table 4. List of abbreviations
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Acute kidney injury (AKI)

Intravenous (IV)

Angiotensin-converting enzyme inhibitor (ACEi)

Length of stay (LOS)

Atrioventricular (AV)

Low cardiac output syndrome (LCOS)

B-type natriuretic peptide (BNP)

Mean arterial pressure (MAP)

Blalock-Taussig (BT)

Mean pulmonary arterial pressure (mPAP)

Cardiac catheterisation (CC)

Non-steroidal anti-inflammatory drugs (NSAIDs)

Cardiac magnetic resonance (CMR)

Novel oral anticoagulants (NOAC)

Cardiac output (CO)

Peripherally inserted central catheter (PICC)

Cardiopulmonary bypass (CPB)

Phosphodiesterase type 5 (PDE-5)

Combined heart and liver transplantation (CHLT)

Plastic bronchitis (PB)

Computed tomography (CT)

Prolonged pleural effusions (PPE)

Echocardiogram (ECHO)

Protein-losing enteropathy (PLE)

Extracardiac total cavopulmonary connection (ECC)

Pulmonary vascular resistance (PVR)

Fontan-associated liver disease (FALD)

Renal perfusion pressure (RPP)

Fraction of inspired oxygen (FiO,)

Renal replacement therapy (RRT)

Inferior vena cava (IVC)

Superior vena cava (SVC)

Inhaled Nitric oxide (iNO)

Total cavopulmonary connection (TCPC)

Intensive Care Unit (ICU)

Transpulmonary gradient (TPG)

lesions due to the heterogenous parenchyma in a Fontan liver.
Consequently, cross-sectional imaging is increasingly used for liver
lesion screening with liver biopsy and elastography included in
assessment.®®

Recommendations to prevent liver complications include
avoidance of hepatotoxins including alcohol, amiodarone, and
obesity. There is limited evidence suggesting heart transplant
alone may stabilise FALD.%® Combined heart and liver transplan-
tation (CHLT) is a rare procedure with promising supporting evi-
dence. Both Mayo Clinic and the University of Pennsylvania have
recently compared their experiences of heart transplantation and
CHLT in Fontan patients; both groups found similar survival
rates, but increased rates of acute rejection in the heart transplan-
tation alone cohort.#> Thus, Fontan patients with a failing
Fontan circulation and evidence of FALD should be considered
for CHLT, which may be more beneficial than heart transplanta-
tion alone.®®

Protein-losing enteropathy (PLE) is a significant complication of
Fontan palliation, occurring in up to 12% of Fontan patients.
PLE is a loss of lymphatic fluid into the gastrointestinal tract as
a consequence of chronically increased systemic venous pressures
paired with inflammation of the gastrointestinal tract. This causes
loss of high-protein lymph rich fluid, resulting in hypoalbuminae-
mia.! PLE presents with symptoms of diarrhoea, peripheral
oedema, ascites, and growth failure. It usually presents in the
first 10 years after the Fontan procedure. The gold standard for
diagnosis is 24-hour stool collection with measurement of elevated
al anti-trypsin levels. Routine surveillance including serum albu-
min levels can improve early detection of PLE.®® Conserva-
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tive management for PLE involves dietary changes such as a
high-protein and low-fat diet. However, most evidence suggests
that dietary manipulation alone does not alleviate symptoms.®’
Medical management involves diuretics to decrease fluid overload
and corticosteroid treatment with budesonide, with some centres
utilising spironolactone and octreotide. Finally, a surgical inter-
vention used to alleviate PLE symptoms includes atrial level
fenestration,®® which can be performed transcatheter. A novel
catheterisation based technique involving the selective emboli-
sation of gastrointestinal lymphatic vessels appears promising
in a small number of cases; further evidence is needed to clarify
its use in PLE management.®’

Plastic bronchitis (PB) is another presentation of Fontan failure,
which usually occurs within the first few years after the operation
in up to 5% of Fontan patients.'”’* Both PB and PLE have a similar
aetiology, as PB is caused by lymphatic and bronchial communi-
cations leaking lymphatic fluid into the pulmonary system.”!
Patients present with casts in the pulmonary bronchi comprised
of inflammatory debris. Presenting symptoms include breathless-
ness and coughing fits, often associated with hypoxia."’?
Accordingly, routine surveillance of oxygen saturations may pro-
mote early detection.%

Management of PB is aimed to improve symptoms and airway
clearance. Oxygen provision, inhaled tissue plasminogen activator,
pulmonary vasodilators, diuretics, and bronchodilators can be use-
ful pharmacological agents to alleviate symptoms in Fontan
patients. Intensive chest physiotherapy is also beneficial.”?
Similar to PLE, embolisation of the lymphatic system is a promis-
ing management option.”!
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The majority of Fontan patients take two or more medications
long-term. Commonly utilised medications include antithrom-
botic agents, ACE inhibitors, cardiac glycosides, and diuretics.
However, there is significant variation in medication use in
Fontan patients across different centres.’> Furthermore, there
is limited evidence on the effectiveness of these medical thera-
pies in Fontan patients.

ACE inhibitors and B-blockers are sometimes used in Fontan
patients but lack supporting evidence.>® Evidence has shown no
benefit in Fontan patients using enalapril; a recent review con-
cluded that ACE inhibitors were overprescribed in Fontan patients
with limited rationale.”>”* Additionally, a large multicentre study
with a small subset of patients with functionally single ventricle cir-
culations found no benefit with carvedilol use.”®

Hepatotoxic agents such as amiodarone, high dose acetamino-
phen, NSAIDs, and certain antibiotics should be avoided in Fontan
patients (see Table 4 for abbreviations).®> Risk-benefit assessment
before use of nephrotoxic medications such as ACE inhibitors and
diuretics is beneficial, due to the association of a Fontan circulation
with increased risk of long-term kidney dysfunction.”® For female
patients, the use of oestrogen-based contraceptives should be
avoided due to the increased risk of venous thromboembolism.
Progesterone only hormonal contraceptives or barrier methods
are a safer alternative.”’

The quality of life of Fontan patients is complicated by the inter-
play of physical, psychological, and social challenges. According to
a recent meta-analysis, the health-related quality of life of a Fontan
patient is lower than the general population.”® Both the functional
limitations of a Fontan circulation and the psychological impact of
patients anticipating Fontan failure are contributors. Older age at
Fontan procedure may lead to worse psychological outcomes.”®
More evidence assessing health-related quality of life in older
Fontan patients and exploring moderating factors and variables
is essential.

Outcomes for Fontan circulation patients have improved drasti-
cally since the operation was first pioneered, partly due to advance-
ments in preoperative assessment, postoperative protocols, and
long-term management. The long-term management of the
Fontan patient involves the prevention and treatment of late com-
plications such as Fontan circulation failure, PLE, PB, and FALD.
The definitive management for late complications is transplanta-
tion; highlighting a need for improvements and standardisation in
post-Fontan transplantation criteria. Further evidence assessing
preoperative and postoperative protocols would be valuable for
standardising the perioperative management of Fontan patients.
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