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Background: The authors prospectively evaluated the efficacy of lymphovenous
bypass in patients with lymphedema secondary to cancer treatment.
Methods: The authors prospectively enrolled 100 consecutive patients with
extremity lymphedema secondary to cancer treatment. Sixty-five patients
underwent lymphovenous bypass with indocyanine green fluorescent lymphan-
giography. Evaluation included qualitative assessment and quantitative volu-
metric analysis before and 3, 6, and 12 months after bypass.

Results: Lymphovenous bypass was performed in 89 upper extremities and 11
lower extremities. For upper extremity lymphedemas, the mean preoperative
volume differential was 32 percent. Symptom improvement was reported by
96 percent of patients and quantitative improvement was noted by 74 percent.
The overall mean volume differential reduction was 33 percent at 3 months,
36 percent at 6 months, and 42 percent at 12 months after surgery. The mean
volume differential reductions at 3, 6, and 12 months after lymphovenous
bypass in patients with stage 1 or 2 lymphedema (58, 52, and 61 percent,
respectively) were significantly larger than those in the patients with stage 3
or 4 lymphedema (12, 16, and 17 percent, respectively). Eleven bypasses were
performed in seven patients with lower extremity lymphedema, with a mean
preoperative volume differential of 38 percent. Only four (57 percent) of these
patients reported symptom improvement; postoperative volume measurements
were available for only two of these four.

Conclusions: Lymphovenous bypass can be effective in reducing lymphedema
severity, particularly in patients with early-stage upper extremity lymphedema.
Indocyanine green lymphangiography accurately identified functional lym-
phatic vessels and may have a role in objectively assessing lymphedema severity

and patient selection.
THERAPEUTIC

ymphedema is a chronic, debilitating condi-
tion that causes physical and psychological
morbidity, affecting up to 250 million people
worldwide. In the United States and other devel-
oped countries, cancer and its treatments are the
most common causes of lymphedema.'*
Unfortunately, no definitive treatment for
lymphedema currently exists. However, microsur-
gical procedures, such as lymphovenous bypass
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(also known as lymphaticovenular bypass), has
recently gained popularity to help reduce the
severity of lymphedema.”* Lymphovenous
bypass, in which surgeons use a supermicrosurgi-
cal technique to anastomose subdermal lymphatic
vessels and adjacent venules less than 0.8 mm in
diameter, creates new channels to drain excess
fluid trapped in lymphedematous areas into the
venous circulation to increase the region’s capac-
ity to transport lymph.**-*

One recent technological advance in lym-
phovenous bypass procedures is the use of indo-
cyanine green fluorescence lymphangiography
to map lymphatic vessels.”*?** After indocyanine
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green dye has been absorbed by the lymphatic
vessels, fluorescence lymphangiography detects
the near-infrared light emitted by indocyanine
green dye, thereby demonstrating the path of
the lymphatic vessels. Thus, indocyanine green
fluorescence lymphangiography enables surgeons
to locate and make incisions precisely over func-
tional lymphatic vessels for the lymphovenous
bypass, substantially reducing operating time, and
may significantly improve the outcomes of lym-
phovenous bypass operations.

Although the microsurgical approach to
lymphedema surgery (e.g., lymphovenous bypass)
has gained in popularity, for most, it is still a novel
concept and there is much that we do not yet
understand. For example, there is no objective
and universally supported assessment of the qual-
ity or severity of lymphedema that accurately cor-
relates with clinical findings. Another challenge
is uncertainty in understanding optimal patient
selection for lymphovenous bypass procedures.
In the present study, we prospectively evaluated
our experience with lymphovenous bypass in 100
consecutive patients with extremity lymphedema
secondary to cancer treatment to assess its efficacy
and to better understand the lymphedema evalua-
tion process and the optimal patient selection for
lymphovenous bypass.

This prospective study was approved by The
University of Texas M. D. Anderson Cancer Cen-
ter’s Institutional Review Board. Between Decem-
ber of 2005 and December of 2012, 100 patients
with extremity lymphedema after treatment for
cancer were enrolled in the study and underwent
lymphovenous bypass at our institution.

A lymphedema therapist performed qualita-
tive assessment and quantitative volumetric analy-
sis before lymphovenous bypass and 3, 6, and 12
months after lymphovenous bypass. Volumetric
analyses of patients’ lymphedematous and unaf-
fected limbs were performed using an optoelec-
tronic limb volumeter (Perometer model and
software; Pero-System, Wuppertal, Germany),
which uses infrared light to scan the limb and
then performs a circumference measurement
every 0.5 cm to calculate the total volume of the
limb. Volume measurements were performed
three times and were averaged to ensure more
consistent analysis.

The volume differential (the excess volume
of the lymphedematous limb compared to the
unaffected contralateral limb) was defined as
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follows: (volume of the lymphedematous limb —
volume of the unaffected contralateral limb)/
volume of the unaffected contralateral limb. The
volume differential reduction (the reduction in
the excess volume of the limb following the pro-
cedure) was defined as follows: (preoperative
volume differential - postoperative volume differ-
ential) /preoperative volume differential.

The first 35 patients underwent lymphovenous
bypass without indocyanine green fluorescent
lymphangiography, which was not yet available
at our institution. The remaining 65 patients
underwent lymphovenous bypass with an indocya-
nine green fluorescent lymphangiography system
(Photodynamic Eye; Hamamatsu Photonics K.K,,
Hamamatsu, Japan) composed of near-infrared—
emitting diodes, a charge-coupled device camera,
and a camera controller. The charge-coupled
device camera has a fixed focus ranging from 15
to 25 cm, which allows investigation of a 10-cm
field with one image.* The system can detect ana-
tomical structures by detecting near-infrared radi-
ation in the tissue at a depth up to 12 mm from
the surface. The patients’ lymphedema severity
was classified according to indocyanine green lym-
phangiographic findings (Fig. 1).

Surgical Approach

All patients were under general anesthesia
during the procedures. Indocyanine green lym-
phangiography was performed by intradermally
injecting 0.01 to 0.02 ml of indocyanine green
(Akorn, Inc., Lake Forest, Ill.) into each finger/
toe web of the lymphedematous limb. Soon after
the injections, a Hamamatsu Photodynamic Eye
was used to visualize fluorescent images of lym-
phatic vessels, and fluorescent stains were identi-
fied proximal to the injection sites (Fig. 2). Using
the images as a guide, we used a pen to mark the
visible lymphatic pathways and the sites for inci-
sions for lymphovenous bypasses. The patient’s
limb was then prepared for surgery.

Before making each incision, we injected local
anesthetic with epinephrine at the incision site
to achieve optimal hemostasis. To help visually
identify lymphatic vessels during the operation,
we used a 30-gauge needle to intradermally inject
0.1 to 0.2 ml of isosulfan blue dye (Lymphazurin;
United States Surgical Corp., Norwalk, Conn.)
into each finger/toe web space and/or 1 to 2 cm
distal to each incision.

The entire operation was performed under a
surgical microscope. Using the microscope, 2- to
3-cm incisions were made at the predetermined
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Fig. 1. M. D. Anderson lymphedema classification based on indocyanine green lymphangiographic find-
ings. (Left) Stage 1: many patent lymphatic vessels, with minimal, patchy dermal backflow. (Second from
left) Stage 2: moderate number of patent lymphatic vessels, with segmental dermal backflow. (Second
from right) Stage 3: few patent lymphatic vessels, with extensive dermal backflow involving the entire arm.
(Right) Stage 4: no patent lymphatic vessels seen, with severe dermal backflow involving the entire arm and
extending to the dorsum of the hand.

]
Fig. 2. Indocyanine green lymphangiography is performed by intradermally injecting 0.01 to 0.02 ml of indocyanine green
into each finger/toe web of the lymphedematous limb. A Hamamatsu Photodynamic Eye is used to visualize and mark the
visible lymphatic pathways.
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sites based on the indocyanine green lymphan-
giographic mapping. The subdermal region was
dissected to identify lymphatic vessels. Lymphatic
vessels appeared either blue with Lymphazurin
dye or clear if no dye was taken up. Once we iden-
tified a viable lymphatic vessel, we anastomosed
it to a similarly sized adjacent recipient venule to
create the bypass. End-to-end anastomoses were
performed unless the recipient vein was substan-
tially larger than the lymphatic vessel, in which
case end-to-side anastomoses were performed. We
used superfine microsurgical instruments (S&T
Surgical, Neuhausen, Switzerland) for dissection
and for creating end-to-end or end-to-side anas-
tomoses with 11-0 nylon sutures with 50-um nee-
dles. We confirmed the patency of the bypasses
by observing the isosulfan blue dye pass from the
lymphatic vessel through the anastomosis and
into the venule (Fig. 3).

Following surgery, the affected limb was
wrapped loosely with compression bandages and
elevated on a pillow, and the patient was given
prophylactic intravenous antibiotics. All patients
were discharged within 24 hours. Patients were
encouraged to continue previous compression
therapy and wear compression garments begin-
ning 4 weeks after surgery.

Statistical Analysis

Means and standard deviations were used to
summarize continuous variables. Frequencies
and proportions were used to summarize categor-
ical variables. We used the Pearson chi-square test
and Fisher’s exact test to compare the percentages

%

Fig. 3. The patency of the bypasses is confirmed by observing
the isosulfan blue dye pass from the lymphatic vessel through
the anastomosis and into the venule.
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of quantitative improvement between different
groups of patients. A two-sample ¢ test was used
to compare the bypass numbers, lymphedema
durations, and volume differential reductions
between patients with early- or late-stage lymph-
edema, and a paired ¢ test was applied to assess
the changes of volume over time. All tests were
two-sided. Values of p < 0.05 were considered sig-
nificant. The analyses were performed using the
SAS 9.2 statistical software program (SAS Insti-
tute, Inc., Cary, N.C.).

RESULTS

Lymphovenous bypass was performed in 89
upper extremities (46 left and 43 right) and 11
lower extremities (six left and five right). All upper
extremity lymphedemas were secondary to breast
cancer treatment, and the lower leg extremities
were caused by treatment of sarcoma (7 = 3), mel-
anoma (n = 2), or gynecologic cancer (n=06).

Upper Extremity

The mean age of the patients was 54 years.
The mean lymphedema duration was 3.5 years
(range, 1 to 10 years). The mean body mass index
was 30 (range, 20 to 51). The mean preoperative
volume differential for patients’ lymphedematous
arms compared with their unaffected arms was 32
percent (range, 1 to 112 percent). Patients’ mean
follow-up time was 30.4 months (range, 3 to 84
months). The diameter of the lymphatic vessels
used for bypass ranged from 0.2 to 1.0 mm. The
mean operative time was 4 hours (range, 3 to 5
hours). The mean preoperative volume differen-
tial between the lymphedematous limb and unaf-
fected limb was 32 percent.

Symptom improvement was reported by 96
percent of patients. These patients reported that
their lymphedematous arms felt lighter, softer,
and less painful than they did before surgery. Not
all patients with symptom improvement demon-
strated measurable differences in arm volume.
Quantitative improvement based on postoperative
volume measurements was noted in 74 percent
of the patients. The overall mean volume differ-
ential reductions of the lymphedematous limbs
of the patients who underwent lymphovenous
bypass were 33 percent at 3 months, 36 percent at
6 months, and 42 percent at 12 months (Fig. 4).

Patients who underwent lymphovenous bypass
with indocyanine green lymphangiography who
were followed for at least 1 year were further ana-
lyzed based on their indocyanine green lymphan-
giographic classifications of lymphedema severity.
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Fig. 4. Quantitative volumetric analysis at 3, 6, and 12 months after bypass.

Compared with preoperative volumes, the vol-
umes were significantly reduced at 3, 6, and 12
months after lymphovenous bypass (p = 0.001,
p=0.017, and p = 0.032, respectively) (Table 1).
Patients with stage 1 or 2 lymphedema received
a higher mean number of bypasses and had sig-
nificantly better results than patients with stage
3 lymphedema. The mean volume differential
reductions at 3, 6, and 12 months after lympho-
venous bypass in the lymphedematous limbs of
patients with stage 1 or 2 lymphedema (58, 52,
and 61 percent, respectively) were larger than
those in the lymphedematous limbs of patients
with stage 3 lymphedema (12, 16, and 17 percent,
respectively) (Table 2).

In 10 patients who were followed for at least
2 years, the mean volume differential reduction
was 35 percent at 2 years and 38 percent at 3 years
after lymphovenous bypass. No patients experi-
enced postoperative complications or worsening
of lymphedema during the study period.

Lower Extremity

Eleven lower extremity lymphovenous bypasses
(six left and five right) were performed in seven
patients; two patients underwent lymphovenous
bypass in both legs, and one patient underwent
lymphovenous bypass twice, the first time without
indocyanine green lymphangiography and the
second time with indocyanine green lymphan-
giography. Eight lower extremity lymphovenous

bypasses were performed with indocyanine green
lymphangiography.

The mean age of the patients was 54 years. The
mean lymphedema duration was 6.6 years (range,
1 to 25 years). The mean body mass index was 31
(range, 22 to 42). The mean preoperative volume
differential for patients’ lymphedematous legs com-
pared with their unaffected legs was 37.6 percent
(range, 17 to 85 percent). Patients’ mean follow-up
time was 18.2 months (range, 1 to 36 months).

Of the seven patients who underwent lower
extremity lymphovenous bypass, only four (57
percent) noted symptom improvement. Post-
operative volume measurements were available
for only two of these four patients, and both of
these patients underwent bilateral lymphovenous
bypasses. One of these patients had a 42 percent
volume reduction at 1 year and a 33 percent
reduction at 3 years in her right leg; in her left
leg, in which the lymphedema was more severe, a
reduction of only 7 percent was noted at 3 years.
The second patient noted a significant improve-
ment and stopped wearing her compression gar-
ments; however, her volumetric measurements
did not demonstrate significant improvement. Of
the three patients who did not notice any signifi-
cant symptom improvement after lymphovenous
bypass, one ultimately underwent vascularized
lymph node transfer, which did result in a signifi-
cant improvement in symptoms.

Table 1. Results of Paired t Test Applied to Assess the Changes of Volume over Time

Changes in Volumes Difference (%) SD (%) p

Preoperatively to 3 mo postoperatively -9.6 9.1 0.001
Preoperatively to 6 mo postoperatively -8.5 11.2 0.017
Preoperatively to 12 mo postoperatively =77 8.2 0.032
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Table 2. Results Based on Indocyanine Green Lymphangiographic Classification

Patients with Stage 1 or 2

Patients with Stage 3 or 4

Characteristic Lymphedema (n = 16) Lymphedema (n = 14) p
Mean lymphedema duration, yr 3.3 3.7 0.684
Mean BMI 28 32 0.399
Mean preoperative volume excess, % 31 34.9 0.689
No. of bypasses

Mean 6.5 4.8

Range 4-12 2-7 0.044
Symptom improvement, no. of patients (%) 16 (100) 12 (86) 0.480
Mean reduction in volume differential, %

At 3 mo 58 12 0.033

At 6 mo 52 16 0.006

At 12 mo 61 17 0.008

BMI, body mass index.

In this study, we prospectively evaluated our
experience with lymphovenous bypass in 100 con-
secutive patients with extremity lymphedema sec-
ondary to cancer treatment to better understand
its efficacy, and to assess and share what we have
learned as the procedure continues to evolve with
introduction of better technology and increase
in our experience. We found that lymphovenous
bypass can be effective in reducing severity of
lymphedema, particularly in patients with early-
stage lymphedema involving the upper extremity.
For lower extremity lymphedema, although our
experience is still limited, we did not find that lym-
phovenous bypass was as effective compared with
the upper extremity. We also found that indocya-
nine green lymphangiography, which facilitates
lymphovenous bypass by accurately identifying
functional lymphatic vessels, may also be useful in
objectively assessing lymphedema severity and in
selecting patients for lymphovenous bypass.

One recent technological advance in lympho-
venous bypass is the use of indocyanine green
fluorescence lymphangiography to map lymphatic
vessels intraoperatively.”** Indocyanine green is a
water-soluble compound that has been widely used
to assess cardiac output, hepatic function, and oph-
thalmic angiography. When it binds to protein in
the tissue, indocyanine green emits energy in the
near-infrared region between 750 and 810 nm.
After indocyanine green dye has been absorbed
by the lymphatic vessels, fluorescence lymphangi-
ography detects the near-infrared light emitted by
indocyanine green dye, thereby demonstrating the
path of the lymphatic vessels. Using this technique,
we were able to rapidly and objectively evaluate
lymphedema severity and identify functional lym-
phatic vessels and optimal anatomical locations for
lymphaticovenular shunts before making incisions.

One of the main challenges of performing lym-
phovenous bypass in patients before indocyanine
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green fluorescence lymphangiography was avail-
able was accurately identifying functioning lym-
phatic vessels for bypasses. In these patients, we
made incisions arbitrarily and conducted ran-
dom exploration under the microscope to iden-
tify the vessels. The benefit of indocyanine green
fluorescence lymphangiography was evident: in
a previous study, the mean number of bypasses
performed in patients who underwent lympho-
venous bypass without indocyanine green fluores-
cence lymphangiography was 3.5; in contrast, the
mean number of bypasses performed in patients
who underwent lymphovenous bypass with indo-
cyanine green lymphangiography in the present
study was 5.6.”

Although we observed subjectively that the
patients who underwent lymphovenous bypass
with indocyanine green lymphangiography had
better outcomes than patients who underwent
lymphovenous bypass alone, volumetric analysis
did not reveal that this difference was significant,
as we had expected. There are several possible
explanations for this discrepancy. First, the two
groups of patients may have had different charac-
teristics that influenced the outcomes of lympho-
venous bypass regardless of whether indocyanine
green lymphangiography was used. For our ear-
lier study, patient selection may have been more
stringent and the patients who appeared to have
severe lymphedema based on clinical findings
may not have been offered the procedure because
of a concern that viable lymphatic vessels for
bypasses would be difficult to identify. However,
after the introduction of indocyanine green lym-
phangiography, which enabled us to more easily
identify lymphatic vessels, we may have become
less restrictive in selecting patients for the proce-
dure and offered lymphovenous bypass to patients
who would not have been offered lymphovenous
bypass before indocyanine green lymphangiogra-
phy was available.
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We also found that patients with stage 1 or 2
lymphedema identified with indocyanine green
fluorescence lymphangiography had significantly
better results than patients with stage 3 or 4 lymph-
edema (Figs. 5 through 8). The mean volume dif-
ferential reductions in the lymphedematous limbs
of patients with stage 1 or 2 lymphedema at 3, 6,
and 12 months after surgery (58, 52, and 61 per-
cent, respectively) were significantly greater than
those of patients with stage 3 or 4 lymphedema
(12, 16, and 17 percent, respectively). These find-
ings suggest that lymphovenous bypass is more
effective in reducing the severity of early-stage
lymphedema than that of late-stage lymphedema.
The amount of quantitative improvement or the
changes that can be achieved in lymphedematous
tissues with chronic irreversible fibrosis and lym-
phatic vessels that have smooth muscle dysfunction
or are occluded may be limited. Furthermore, the
mean volume differential reductions in the lymph-
edematous limbs of 10 patients for whom more
than 2 years of follow-up volumetric measurements
were available were 35 percent at 2 years and 38
percent at 3 years after lymphovenous bypass, indi-
cating that quantitative improvement eventually
seems to plateau after 1 year. This finding suggests

Fig. 5. (Left) A 54-year-old woman with a 5-year duration of
lymphedema in her left arm following left mastectomy and
radiotherapy. Her left arm is 32 percent larger than her right
arm. (Right) Preoperative indocyanine green lymphangiography
(stage 2).

that lymphovenous bypass is best indicated for
patients with intact functional lymphatic vessels
and minimal irreversible tissue fibrosis. In patients
with stage 3 or 4 lymphedema, few functioning
lymphatic vessels are available for lymphovenous
bypass and they already have significant irrevers-
ible tissue fibrosis, and expected outcomes are
poor; in these patients, vascularized lymph node
transfer might be considered instead. Thus, based
on our findings, we feel that the best indication for
lymphovenous bypass to treat lymphedema is for
early and mild lymphedema, thus preventing pro-
gression of lymphedema to severe lymphedema,
which becomes very difficult to treat.

The outcomes achieved in patients who under-
went lymphovenous bypass for lower extremity
lymphedema were not as impressive as those in
patients who underwent lymphovenous bypass
for upper extremity lymphedema. Of the seven
patients who underwent lower extremity lympho-
venous bypass, only four noted symptom improve-
ment, and postoperative volume measurements
were available for only two of these patients,
making it difficult to accurately assess symptom
improvement in this group. The fact that the
lower extremities are much larger than the upper
extremities and are almost always dependent, with
higher venous pressure, may partially explain why
the results of the lower extremity lymphovenous
bypass group were worse than those of the upper
extremity lymphovenous bypass group. Of the

Fig. 6. Five bypasses (anastomosis range, 0.2-1.0 mm) were
performed in this patient. At 15 months, the patient’s left arm is
12.6 percent larger than her right arm (a 61 percent reduction in
volume differential).
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Fig. 7. (Left) A 58-year-old woman with lymphedema in her left arm
for 1.5 years. Her left arm is 18 percent larger than her right arm.
(Right) Preoperative indocyanine green lymphangiography (stage 3).

three patients who did not notice any significant
symptom improvement, one ultimately under-
went vascularized lymph node transfer that signif-
icantly improved the patient’s lymphedematous
leg. However, our experience with lower extremity
lymphovenous bypass is limited; thus, drawing any
definite conclusions is difficult.

Another observation in our experience, as
mentioned in our previous article, is that the
duration of the lymphedema does not necessar-
ily correlate with the severity of the lymphedema
or the outcome following surgery.”” There are
patients who have had lymphedema for many
years but, because their lymphatic obstruction is
minimal and because of their diligence in taking
care of the limb, the lymphedema is not severe.
In contrast, there are patients who have had
lymphedema for only few months but, because
their lymphatic damage is extensive, present with
severe lymphedema and do not respond well to
the lymphovenous bypass. This observation sup-
ports the belief that the severity of lymphedema
depends mostly on the extent of the damage to
the lymphatic system.

A major challenge of lymphatic surgery is that
there is no accurate and universally supported
assessment of the quality or severity of lymphedema
that correlates with clinical findings. Currently,
there is no validated lymphedema instrument avail-
able specifically for evaluation of outcomes follow-
ing surgery for treatment of lymphedema. Even
for this study, our subjective evaluation was simply
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based on the patient’s responses to our verbal ques-
tions. Most lymphedema staging systems are based
on clinical findings; other evaluations, including
circumferential measurements, water displacement
volume measurements, volumetric analysis using
computerized perometry, and bioimpedance, have
limitations and do not always correlate with clinical
findings. The findings of the present study suggest

Fig. 8. Seven bypasses (anastomosis range, 0.3 to 0.8 mm) were
performed in this patient. At 3 months, the patient said the arm
was softer and lighter than it was before lymphovenous bypass,
but there has been no measurable reduction in volume.
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that indocyanine green fluorescence lymphangi-
ography is useful for accurately assessing lymph-
edema severity and predicting lymphovenous
bypass surgery outcomes. Indeed, Yamamoto et
al. recently reported using an indocyanine green
lymphangiography-based system to stage lymph-
edema.’ Although that system is useful, we found
it to be complicated and not user-friendly. On the
basis of our own experience, we developed a sim-
ple, userfriendly, clinically relevant staging system
of lymphedema using indocyanine green fluores-
cence lymphangiography (M. D. Anderson classifi-
cation). Based on this staging system, we were able
to see the significant difference in the outcomes
following lymphovenous bypass for patients in dif-
ferent stages of lymphedema as already discussed
above. This staging system could be useful in help-
ing us to develop a better patient selection process
for lymphovenous bypass.

In summary, based on our experience, we
have learned the following:

e Lymphovenous bypass can be effective in
reducing the severity of lymphedema.

¢ Lymphovenous bypass appears to be more
effective in patients with early-stage lymph-
edema with intact functioning lymphatic
vessels and minimal tissue fibrosis.

* Lymphovenous bypass may be more effec-
tive for managing upper extremity lymph-
edema than for managing lower extremity
lymphedema.

® Indocyanine green fluorescence lymphan-
giography can be wuseful in identifying
functioning lymphatic vessels and optimal
anatomical locations to perform lympho-
venous bypass.

¢ Indocyanine green fluorescence lymphan-
giography can be used to assess the func-
tional severity of lymphedema and can
enable surgeons to preoperatively stage
and select patients who are best suited for
lymphovenous bypass.

¢ Indocyanine green fluorescence lymphan-
giography may be a tool with which to
objectively assess the change in the lymph-
edema status of patients following lymph-
edema surgery.

Lymphovenous bypass can effectively reduce
the severity of lymphedema, particularly in
patients with early-stage lymphedema affect-
ing the upper extremities. Indocyanine green

lymphangiography, which we found facilitates
lymphovenous bypass by accurately identifying
functional lymphatic vessels, may also be useful
in objectively assessing lymphedema severity and
selecting patients for lymphovenous bypass.
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