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ABSTRACT 

Contractile function of the collecting lym-
phatic vessels depend on smooth muscle cells, 
one-way valves, surrounding tissues, and regu-
lation by the autonomic nervous system. The 
potentially deleterious effects of the Fontan 
procedure and elevated central venous pressure 
on lymphatic function leading to life-threat-
ening complications are described. 

Presented at the 2023 ISL International 
Congress of Lymphology, Genoa, Italy in a 
special symposium on central and regional 
lymphatic system in health and disease. 
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PHYSIOLOGY AND FUNCTIONAL 
PATHOLOGY OF THE LYMPHATIC 
SYSTEM 

The lymphatic system is a vital compo-
nent of the human body's immune system, 
playing a crucial role in maintaining fluid 
balance, absorbing fats from the digestive 
system, and facilitating the body's immune 
response. Comprised of a network of lym- 

phatic vessels this system functions to trans-
port lymph – a clear fluid containing white 
blood cells – throughout the body. 

The lymphatic system helps maintain flu-
id balance by collecting interstitial fluid from 
tissues and returning it to the bloodstream. 
This process prevents the build-up of fluids in 
the tissues, known as edema (1). 

The contractile function of collecting lym-
phatic vessels is a crucial aspect of the lym-
phatic system's operation. Unlike the cardio-
vascular system, which relies on the heart's 
pumping action to circulate blood, the lym-
phatic system does not have a central pump. 
Instead, lymphatic vessels have intrinsic 
contractile properties that enable them to 
propel lymph fluid throughout the body. Here 
are some key points regarding the contractile 
function of collecting lymphatic vessels: 

1) Smooth Muscle Cells: Collecting lym-
phatic vessels are lined with endothe-
lial cells and surrounded by layers of
smooth muscle cells. These smooth
muscle cells exhibit rhythmic contrac-  
tions, known as lymphangion contrac- 
tions, that propel lymph along the
vessels (1).

2) One-Way Valves: Similar to veins in
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the circulatory system, collecting lym-
phatic vessels contain one-way valves 
that prevent backflow of lymph. As 
the smooth muscle cells contract, 
these valves open to allow lymph to 
flow in one direction and then close to 
prevent retrograde movement. 

3) Influence of Surrounding Tissues:
The contractile function of collecting
lymphatic vessels can be influenced
by external factors, including changes
in tissue pressure, local concentra-
tions of substances like nitric oxide,
and neural inputs. These factors can
modulate the frequency and strength
of lymphatic contractions (2).

4) Role in Fluid Transport: By contrac-
ting rhythmically, collecting lymphat-
ic vessels propel lymph fluid from the
interstitial spaces towards larger lym-
phatic vessels and eventually into the
bloodstream. This process helps main-
tain fluid balance, remove waste prod-
ucts, and transport immune cells
throughout the body.

5) Regulation by Autonomic Nervous
System: The contractile activity of
lymphatic vessels is regulated, in part,
by the autonomic nervous system
(3,4).

THE FONTAN CIRCULATION 

In the context of a Fontan circulation, 
which is a surgical procedure used to treat 
univentricular heart defects, there are distinc-
tive lymphatic changes that can occur. The 
Fontan procedure involves diverting venous 
blood directly to the pulmonary arteries, by-
passing the right ventricle. This alteration in 
circulation can have implications for the lym-
phatic system, as it is intricately connected to 
the cardiovascular system. Here are some key 
aspects of lymphatic changes in the context of 
Fontan circulation: 

1) The altered hemodynamics in Fontan
circulation, characterized by increased
central venous pressure and reduced

cardiac output, can lead to impaired 
lymphatic drainage (5,6).  

2) The combination of venous congestion
and reduced cardiac function associ-
ated with Fontan circulation can
result in increased interstitial fluid in
tissues. This excess fluid may over-
whelm the lymphatic system's capaci-
ty to drain it efficiently, contributing
to tissue edema.

3) Fontan patients are at an increased
risk of the lymphatic vessels estab-
lishing new transport channels aiming
for locations with low pressures such
as, the intestinal tract, the airways,
the pleural space and the peritoneum.

Given the impact of Fontan circulation on 
the lymphatic system, there is emerging inter-
est in exploring lymphatic interventions to im-
prove fluid balance and overall outcomes in 
Fontan patients. Strategies such as lymphatic 
imaging, lymphatic vessel bypass procedures, 
or pharmacological interventions targeting 
lymphatic function are areas of active 
research. 
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