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ymphovenous bypass (LVB) has become one of the

most common microsurgical options for treating
extremity lymphedema.' In this procedure, lymphatic
ducts are bypassed to adjacent veins to reduce lymph sta-
sis.? The selection of the lymphatic vessel, vein, and bypass
technique can impact efficacy and functional recovery. A
favorable pressure gradient is generated when the pres-
sure gradient at the bypass level allows lymph to move into
the recipient vein. It should be avoided when the blood
pressure in the recipient vein is equal to or higher than
the lymphatic pressure.

There is currently no consensus on which type of
anastomotic technique allows for the most favorable
lymphovenous pressure gradient. Common configura-
tions include end-to-end, end-to-side, and side-to-end.
Side-to-end bypass allows both antegrade and retrograde
lymphatic drainage to flow through a single bypass.’
Venous-to-lymphatic reflux has been reported but can be
alleviated by ligating the proximal lymphatic vessel.* The
debate of end-to-side, end-to-end, or side-to-end is cur-
rently unresolved.”

In this discussion, we describe our observation in a
case of end-to-side LVB in which we performed an end-to-
end anastomosis with the lymphatic duct anastomosed to
aside branch of the recipient vein.

LVB was performed by the senior author (J.H.D.)
using a surgical microscope (Pentero 800, Carl Zeiss
AG, Oberkochen, Germany). A large size discrepancy
was noted between the lymphatic duct (0.6 mm) and
the recipient vein (2mm), so given the presence of a
lateral branch (0.6 mm), this was used for end-to-end
anastomosis. We observed active smooth muscle
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pumping lymph into the vein with intermittent reflux
from the main vein into the small vein branch, but not
across the anastomosis. This reflex was effectively elimi-
nated and converted to venous washout with ligation of
the distal vein (Fig. 1). The distal vein of the LVB was
clamped temporarily for at least 15 minutes to ensure
the presence of venous washout before permanent liga-
tion. When clamping the distal main vein during end-
to-end bypass with the lymphatic anastomosed to the
vein side branch, we observed no venous back bleeding
running into our lymphovenous anastomosis.
Lymphatic flow appeared to increase into the vein both
clinically and with indocyanine green lymphography.
(See Video 1 [online], which displays the evaluation of
the lymph flow into the recipient vein with indocyanine
green lymphography.)

A possible physical explanation for the improved lym-
phatic outflow can lie in the law of fluid dynamics (flow =
AP/ R). The entity of the flow between 2 points is directly
proportional to the pressure gradient and inversely pro-
portional to the resistance; this means that, all other con-
ditions being equal, the greater the pressure gradient, the
greater the flow will be. By clipping the vein, it is emptied,
and therefore, the pressure inside is reduced, increasing
the gradient between the lymphatic vessel and the vein
itself (Fig. 2).

However, there is the counterargument that the rel-
atively fast venous flow rate compared with lymphatic
flow in an end-to-side orientation creates a favorable
dynamic for lymphatic fluid to hitchhike into the venous
circulation.

The limitation of this observation is that we do
not have a quantitative measurement of the flow.
Additionally, long-term outcomes of this maneuver are
not available. One potential concern and question is
whether clipping the distal vein could result in stasis of
the blood and formation of a thrombus.

Because venous back bleeding can lead to thrombosis
in LVB, in certain circumstances one may consider ligat-
ing the distal vein in an end-to-side bypass after observing
the flow intraoperatively for at least 15 minutes. Further
investigation, preferably both clinical and quantitative, is
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Fig. 1. End-to-end LVB with the lymphatic duct anastomosed to the side branch of the recipient vein. Clipping the distal vein, with higher
venous back pressure, resulted in more lymph flowing into the vein and reaching the next valve. This was confirmed with the indocyanine
green mode, showing more fluorescence entering into the vein.

needed to determine the ideal LVB orientation for each
particular scenario.
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Fig. 2. Venous-lymphatic reflux following end-to-end LVB with the
lymphatic duct anastomosed to the side branch of the recipient vein
(A). Venous washout after ligation of the distal main vein (B). RV, recipi-
ent vein.
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