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CENTRAL MESSAGE

Innominate vein turn-down pro-
cedure improves lymphatic
drainage by decompressing the
thoracic duct to the lower-
pressure system, with concomi-
tant increase of systemic preload
in Fontan circulation.

See Commentaries on pages 261 and 263.
Feature Editor Note—In an effort to design a perfect third-
stage palliation for our single-ventricle patients, our spe-
cialty has been making tremendous efforts to compensate
for the well-known disadvantages of a circulatory setting
involving a lifelong state of high systemic venous pressure.
While we aim to excel at each stage of single-ventricle palli-
ation to prevent a suboptimal Fontan circulation, our focus
has indeed sharpened to also understand the variations and
impact of the lymphatic system on the outcome of patients
before or following third-stage palliation. Novel diagnostic
techniques using magnetic resonance imaging aid in visual-
izing the problems in lymphatic drainage in a standardized
manner, whereas novel targeted interventional and surgical
techniques by experienced teams offer invaluable solutions
for one of the conundrums of the Fontan circulation.

Dr Hra�ska and expert colleagues graciously contribute
to this issue of the Journal with a multidisciplinary invited
expert review of their current surgical and interventional
strategies to address lymphatic system disturbances in Fon-
tan circulation. The article overviews a clear diagnostic
classification of lymphatic pathologies, leading to a
decision-making tree. Medical, interventional, and surgical
options are discussed in detail. The authors offer an up-
dated cohort with characteristics and outcome of patients
who were treated with the innovative innominate vein
turn-down procedure. This excellent contribution is accom-
panied by images and illustrations. The congenital editors
thank the authors for this invaluable presentation of their
experience.

Can Yerebakan, MD

While systemic venous hypertension is the most prominent
hemodynamic disturbance in the Fontan circulation,
recent work has identified the consequent lymphatic
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hypertension and impaired drainage as pathophysiologic
in the development of pleural effusions, edema, ascites,
plastic bronchitis (PB), and protein-losing enteropathy
(PLE).1-4 Novel interventional and surgical approaches
have been developed to treat post-Fontan lymphatic compli-
cations with promising outcomes.2-9
LYMPHATIC PATHOLOGY
Under normal physiological conditions, an estimated 2 to

3 L of protein-rich fluid are filtered out from the blood cir-
culation and into the interstitial space and returned to the
blood circulation by the lymphatic vessels. The lymphatic
vasculature is a ubiquitous bodily net functioning as a uni-
directional drainage and transport system that is responsible
for returning all interstitial fluid back to the blood circula-
tion. The lymphatic vessels contract to propel the fluid for-
ward, with contractile properties comparable with those of
heart ventricles. Similar to the heart and intestines, pace-
maker cells have been proposed to uphold frequency and
secure continuous movement through the system,10 with
ion channels required for depolarization.11 In addition,
both increased tension in the vessel wall and adrenergic
innervation have been shown to increase contraction fre-
quency, enabling an estimated 10-fold increase in fluid
removal if needed.
The thoracic duct (TD) has a critical role in lymphatic

transport—draining approximately 85% of lymph produc-
tion from the entire body except for the right hemithorax,
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right head and neck, and right arm. The majority of TD flow
comes from the liver and intestine, and in the majority of
cases the TD drains at the posterior aspect of the left internal
jugular and subclavian vein confluence and, when present,
the right TD drains at the right subclavian jugular vein
confluence. A valve prior to its drainage prevents blood
flow into the TD. There are 2 distinct pressure elements
that substantially determine the TD pressure—a forward
pressure from lymph formation and a backpressure from
the venous pressure at the lymph drainage point.2,12

In the failing Fontan circulation, the central venous pres-
sure (CVP) often exceeds 18 to 20 mm Hg. There is exper-
imental evidence that such elevation of CVP leads to a
significant increase of lymphatic production in the hepatos-
planchnic region, resulting in greater pressure and flow in
the TD. At the same time, the transport capacity of the
TD is limited by increasing outflow pressure (backpressure
exerted by elevated CVP), demonstrated by a clear break-
point in the lymph flow–outflow pressure curve. At outflow
pressures above the breakpoint, lymph flow decreases line-
arly with outflow pressure and ceases at an outflow pressure
of 24 mm Hg.2,13 In the Fontan circulation, the transport ca-
pacity of the TD is further limited by dilatation of the TD,
resulting in incompetence of the lymphatic valves and sta-
sis, and by lack of “diastolic suctioning” of lymph. In addi-
tion, lymphovenous communications, either to systemic or
pulmonary veins, are not open and thus cannot decompress
the lymphatic system.3 An altered lymphatic architecture
FIGURE 1. A, Coronal MIP of a T2 image showing a patient with type 3 thor

tinum (arrow). B, Coronal MIP of T2 image showing patient with type 3 thora

renchyma (arrow). MIP, Magnetic imaging picture.
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with vessels adjacent to a lower pressure lumen may lead
to symptomatic lymphatic failure. In patients with PLE,
lymphatic congestion and flow obstruction result in decom-
pression of the lymphatic system through a route of lower
resistance in the duodenal wall, with protein-rich lymphatic
fluid spilling out into the low-pressure environment of the
intestines.14,15 In the lungs, increased afterload resistance
and increased lymphatic production may cause lymphatic
breakthrough to the pulmonary airways, causing the devas-
tating condition PB.

PREOPERATIVE EVALUATION AND DECISION-
MAKING

The long-term effect of the lymphatic congestion on the
contractional capacity is due to functional impairment with
losing the ability to generate a greater pressure and increase
contraction frequency. The contraction frequency and
strength of the peripheral lymphatic system can be
measured with near-infrared fluorescent imaging.11,16

Magnetic resonance imaging (MRI) is the imaging mo-
dality of choice for screening patients with thoracic
lymphatic disorders and for imaging lymphatic anatomy
and flow in patients with lymphatic failure.5,14,15,17 MRI
has been applied to visualize the central lymphatic architec-
ture using heavily T2-weighted images in patients with
single-ventricle physiology. T2 MRI has also been shown
to correlate with acute Fontan outcomes and should be
used as a screening tool in all patients undergoing single-
acic lymphatic abnormality with high T2 signal extending into the medias-

cic lymphatic abnormality with high T2 signal extending into the lung pa-



FIGURE 2. A, Coronal MIP image of intranodal DCMRL in a patient with PB showing bilateral pulmonary perfusion (arrows). B, Coronal MIP image of

intrahepatic DCMRL in a patient with PLE showing a duodenal leak (arrow). MIP, Magnetic imaging picture; DCMRL, dynamic contrast magnetic reso-

nance lymphangiography; PB, plastic bronchitis; PLE, protein-losing enteropathy.

FIGURE 3. The innominate vein is directly anastomosed with left atrial

appendage.2 (Reprinted with permission from Seminars in Thoracic and

Cardiovascular Surgery: Pediatric Cardiac Surgery Annual).
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ventricle palliation before undergoing the Fontan operation
(Figure 1).14 A new classification of lymphatic thoracic ab-
normalities has been introduced using a scale of 1 to 4 ac-
cording to progression of severity (type 1: little or no
abnormalities; type 2: abnormalities in the supraclavicular
region; type 3: abnormalities in the mediastinum; type 4:
abnormalities extending in to the mediastinum and the
lungs). For patients with thoracic lymphatic disorders
such as chylothorax or PB, intranodal and preferably also
intrahepatic dynamic-contrast magnetic resonance lymph-
angiography (DCMRL) should be performed for interven-
tional planning and to determine whether the patient has
duodenal involvement, which could indicate risk for PLE
(Figure 2).15 In addition, TD outlet patency should be
confirmed. This can be done using contrast ultrasound
lymphangiography or direct lymphangiography.16 For pa-
tients with abdominal lymphatic abnormalities, such as
PLE or ascites, intrahepatic and intramesenteric DCMRL
are the imaging modality of choice for understanding the
etiology and for interventional planning (Figure 2).15,17

MEDICAL MANAGEMENT
The contractile properties, comparable with those of the

heart, hold promise for the development of pharmacologic
ways to optimize the lymphatic function. Norepinephrine
increases the frequency of contractions as well as pressures
generated in isolated human lymphatic vessels, and dopa-
mine infusion has been reported to reduce symptoms in a
small series of patients.18
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INTERVENTIONAL MANAGEMENT
In all patients with a lymphatic dysfunction, cardiac

evaluation, including cardiac catheterization, should be
performed to determine whether there are reversible car-
diac causes that could be treated, such as pulmonary ar-
tery stenosis or superior vena cava obstruction. Medical
and conservative treatments should also be optimized.

Lymphatic interventions can be divided into those
meant to decompress the lymphatic system, such as
lymphovenous anastomosis and percutaneous or surgical
innominate vein (InV) turn-down, and those that are
meant to reroute lymphatic flow away from abnormal
lymphatic networks, such as selective lymphatic duct
embolization (SLDE) or TD embolization. The decision
on the therapeutic approach depends on the underlying
disease and lymphatic anatomy. SLDE is the preferred
interventional approach, as it maintains TD patency
and flow, preserving the option of TD-decompression
procedures. This is especially important in patients
with multicompartment lymphatic failure or those with
thoracic abnormalities and concerning findings on intra-
hepatic DCMRL, such as duodenal perfusion or leak.
Complete TD embolization should be reserved for cases
in which the TD outlet is occluded and lymphovenous
FIGURE 4. The innominate vein is anastomosed with right atrium using an inte

from Seminars in Thoracic and Cardiovascular Surgery: Pediatric Cardiac Su
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anastomosis is not an option, there are multiple decom-
pressing vessels connecting to the TD (making SLDE
impossible), the TD is not fully formed, or when the pa-
tient is unstable and emergent closure of TD flow is
needed.
SURGICAL MANAGEMENT
The TD, which in the majority of patients enters the circu-

lation at the left subclavian–jugular vein junction, is decom-
pressed by turning down the InV directly to the common
atrium.7 The procedure is technically simple and safe. The
principles have been published elsewhere2,7 and include
the following steps: (1) the procedure is performed as a
part of Fontan operation on cardiopulmonary bypass; (2)
the InV is mobilized up to the left venous angle; (3) one
should avoid dissection of the posterior aspect of the
subclavian–jugular confluence and disruption of the TD
and lymphatic collaterals; (4) all accessible venous branches
of the jugular and subclavian vein are clipped; (5) mobiliza-
tion of the atrial mass to the extent possible and determine
the optimal course for the turn-down dictated by the size
of the ascending aorta, morphology of the atrial mass, and
tenacity of adhesions around central structures; (6) clamp
the InV at the junction with the right internal jugular vein
rposition graft and the dunk technique (inset).2 (Reprinted with permission

rgery Annual).



TABLE 1. Demographic and clinical variables of patients who received an InV turn-down procedure

Patient

no.

Age,

y Diagnosis

Last surgical

palliation PLE/PB Ascites Effusions Procedure

Follow-

up, mo Outcome

1 5 SV, Heterotaxy

syndrome,

Asplenia,

u-CAVC

EC-Fontan

AV valve repair

Y/N Yes,

massive

Yes,

bilateral

R Glenn

take-down,

AVVR, and

InV turn-down

3 Late death, pulmonary

hemorrhage

2 19 SV, Heterotaxy

syndrome,

Asplenia,

u-CAVC

EC-Fontan Y/N Yes Yes InV turn-down

(RJSC-RA)

36 Alive, doing well, normal

albumin

3 53 Tricuspid

atresia II

Atrio-pulmonary

Fontan

Y/N Yes,

massive

No Fontan

conversion

and InV

turn-down

9 Alive, doing well, normal

albumin

4 6 PA IVS EC-Fontan N/Y No Yes,

right

InV

turn-down

and PA plasty

24 Alive, doing well, no

PB after intervention

5 6 SV,

Heterotaxy

syndrome,

asplenia,

u-CAVC

EC-Fontan N/Y No No InV turn-down 16 Alive, with recurrent of mild PB

at 13 mo postoperative, since

then doing well

6 3 HLHS EC-Fontan N/N Yes,

massive

Yes,

bilateral

InV turn-down 24 Late death, ventricular

dysfunction

7 8 HLHS EC-Fontan Y/N Yes,

massive

Yes,

bilateral

InV turn-down 0 Died during postoperative

recovery from respiratory

arrest due to pulmonary

hemorrhage

8 6 HLHS EC-Fontan Y/Y No No InV turn-down 27 Alivewith no further symptoms of

PLE or PB

9 0.8 DILV Glenn N/N Yes, massive No InV turn-down 21 Alive with recurrence of effusion

at 3 mo postoperatively,

requiring percutaneous catheter

intervention of narrowing at

InV-atrial anastomosis

10 8 DILV EC-Fontan N/Y No No InV turn-down 20 Alive, with recurrent of PB at

3 mo postoperative, requiring

percutaneous stenting of InV-

atrial anastomosis. No

recurrence of PB since then

11 3.5 DILV EC-Fontan N/N No Yes,

massive

InV turn-down 18 Alive, had recurrence of effusion

at 6 mo postoperatively and

required stenting of narrowing

at InV-atrial anastomosis. No

recurrence of effusion since

then.

12 10.5 HLHS EC-Fontan Y/N No No InV turn-down 7 Had extensive thrombus noted at

time of InV turn-down. Did

have improving PLE but

eventually readmitted and died

from sepsis c/b renal failure

(Continued)
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TABLE 1. Continued

Patient

no.

Age,

y Diagnosis

Last surgical

palliation PLE/PB Ascites Effusions Procedure

Follow-

up, mo Outcome

13 11 HLHS One lung

EC-Fontan

N/N No No One lung

EC-Fontan,

InV turndown

15 Alive, doing well

14 4.9 Heterotaxy,

unbalanced

AVSD,

interrupted

IVC,

bilateral

SVC

Bilateral Glenn

(Kawashima).

Had ventricular

dysfunction,

heart failure,

cyanosis—high

risk for Fontan

N/N N N Nonfenestrated

EC-Fontan

with LSVC

to LA

connection

23 Alive, doing well

InV, Innominate vein; PLE, protein-losing enteropathy; PB, plastic bronchitis; SV, single ventricle; u-CAVC, unbalanced complete atrioventricular canal defect; EC-Fontan, ex-

tracardiac Fontan; AV, atrioventricular; Y, yes; N, no; R, right; AVVR, atrioventricular valve repair; RJSC-RA, right jugular-subclavian junction to right atrium; PA IVS, pulmonary

atresia with intact ventricular septum; PA, pulmonary artery; HLHS, hypoplastic left heart syndrome; DILV, double-inlet left ventricle; c/b, caused by; AVSD, atrioventricular

septal defect; IVC, inferior vena cava; SVC, superior vena cava; LSVC, left superior vena cava; LA, left atrium.
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and divide (upstream InV can be controlled with vascular
clip) and oversew the clamped segment; and (7) determine
whether there is adequate length of the InV for primary
turn-down or if an interposition graft is necessary. If length
and atrial mobility permit, the appendage is partially ampu-
tated, and the pectinate muscles are resected to create an
unobstructed inflow to the common atrium (Figure 3). The
anterior aspect of the anastomosis may be enlarged by a peri-
cardial patch. If length is inadequate, then use a ring-
reinforced (size based on size of patient) polytetrafluoroethy-
lene interposition graft, standard anastomosis to the InV, and
then create an appropriate opening in the atrium and insert
the graft to a depth of approximately 3 to 4 rings, securing
it with a purse string and tacking sutures in essence a dunk
technique (Figure 4). We have learned that not all append-
ages are easily mobilized; tangential clamping of thick atrial
tissue with a beating heart can be imprudent. If an interposi-
tion graft is needed, we think the dunk technique eliminates
most of the technical concerns and could potentially be done
without cardiopulmonary bypass.2 If a right TD needs to be
decompressed, an interposition graft is used from the internal
jugular and subclavian vein confluence to the common
atrium and a more complex reconstruction of venous system
is required (C. Kreutzer, personal communication, 2020).

A final but important issue is the degree to which the ju-
gular vein should be banded (above TD entrance) to balance
right to left shunt. We individualize this as well, based on
the degree of desaturation in the unbanded state. If during
2 to 3 postoperative days desaturation below 80% persists,
while cardiac output is well preserved, the left jugular vein
is approached through a short incision on the neck and is
either banded2,19 or completely ligated if necessary. Before
ligation, patency of collateral venous drainage via plexus
basilaris and sinus cavernous should be confirmed in a cath-
eter laboratory by balloon-occluding the left internal jugu-
lar vein and injecting contrast upstream.
258 JTCVS Techniques c June 2021
Since January 2017, 14 patients with failing Fontan have
undergone the InV turn-down procedure (Table 1) at
Austral University Hospitals, Buenos Aires, Argentina (pa-
tients 1-6), and Children’s Wisconsin, Herma Heart Insti-
tute (patients 7-14). The procedure was indicated as the
last resort therapy in critically ill patients.

THE NEED FOR A MULTIDISCIPLINARY
APPROACH—FUTURE DEVELOPMENT

Although new imaging techniques have shed light on the
etiology and pathophysiology of lymphatic complications
such as PLE, PB, and chylothorax, many questions remain.
More research is needed into understanding the genetic and
anatomic susceptibility in patients with single-ventricle
physiology and lymphatic failure. In contrast to cardiovas-
cular disease, which has been extensively studied, leading
to the development of many interventional and medical
therapy options, the lymphatic system is in its infancy,
and there are currently no known lymphatic targeted medi-
cal treatments.

With the development of new TD-decompression pro-
cedures, it is becoming clearer that TD occlusion seems
highly inadvisable. However, there is clearly value to
perform SLDE of the tributaries documented to be the
source of leak, as this will enhance the efficacy of therapeu-
tic decompression, as pressure in a leak basin may be (likely
is) lower than that in the atrium—so decompression alone
may not stop the leak.20

The InV turn-down procedure is designed to target
impaired lymphatic drainage in Fontan circulation. Con-
trary to the fenestrated Fontan circulation, in which the
TD is drained into the high-pressure Fontan circulation,
turn-down of the InV to the common atrium effectively
decompresses the TD to the lower-pressure system with
“diastolic suctioning” of lymph. At the same time, the
preload of the single ventricle is increased at the expense



Lymphatic disorder

Cardiac Catheterization
Medical optimization

Chylothorax/PB

IH and IN-DCMRL
T2 MRI and classification
Confirm TD outlet patency

PLE

IH and IN-DCMRL
T2 MRI and classification
Confirm TD outlet patency

Ascites
Multicompartment failure

IH, IN, and IM-DCMRL
T2 MRI and classification
Confirm TD outlet patency

TD outlet occluded

1) Lymphatic intervention
2) LVA
3) LVA then TDD

TD outlet patent

1) Lymphatic intervention
2) Lymphatic intervention then TDD
3) TDD

FIGURE 5. Decision-making tree. PLE, Protein-losing enteropathy; PB, plastic bronchitis; IH, intrahepatic; IN, intranodal; DCMRL, dynamic contrast

magnetic resonance lymphangiography; T2MRI, T2 magnetic resonance imaging; TD, thoracic duct; IM, intramesenteric; LVA, lymphovenous anastomosis,

TDD, thoracic duct decompression (innominate vein turn-down).

Hraska et al Congenital: Fontan: Invited Expert Technique
of the right-to-left shunt, which works as a fenestration,
with subsequent acceptable desaturation. This connection
offers an entrance for catheterization or electrophysio-
logic studies. An expected disadvantage is the gradual
desaturation owing to the development of venovenous
collaterals, which might be controlled by catheter
intervention.
FIGURE 6. A, Complete occlusion of innominate vein in a patient with pers

drainage is provided via the collateral vein (arrows). B, Thoracic duct is anasto

prevents venous blood from entering the TD. TD, Thoracic duct.
InV turn-down may be considered for medical and
interventional-refractory post-Fontan lymphatic complica-
tions of persistent chylothorax, PB, and protein-losing en-
teropathy (Figure 5). If TD outlet or InV are occluded and
intervention fails to establish patency, one should consider
creating a lymphovenous anastomosis to collateral vein
(Figure 6) (V. Hraska, personal communication, 2020).
istent, life-threatening chylothorax after arterial switch operation. Venous

mosed with collateral vein (arrow). Notice the competent TD valve, which

JTCVS Techniques c Volume 7, Number C 259
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Prophylactic InV turn-down may also be considered at time
of the Fontan operation for patients with thoracic lymphan-
giectasia type 3 or 4 pattern at pre-Fontan MRI lymphangi-
ography.9 Further studies are needed to determine the
appropriate indication for this procedure.
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