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ABSTRACT

Surgical treatment of lymphedema with
liposuction typically requires subsequent com-
pression therapy. Here we describe an approach
where secondary arm lymphedemas are initially
treated by autologous lymphatic grafting to
bypass the axilla and restore lymphatic flow. In
the presence of excess adipose tissue, liposuc-
tion is then performed in a second procedure.
To assess outcomes, the authors evaluated
28 consecutive adult patients who had under-
gone secondary liposuction following lymphatic
grafting. Arm volumes were measured prior
to lymphatic grafting and after the second-
ary liposuction. The necessity for additional
treatment by compression garment and manual
lymphatic drainage was assessed prior to
lymphatic grafting and after the secondary
liposuction following the direct postopera-
tive regimen. The mean arm volumes were
reduced significantly (p<0.001) from a mean of
3417+171 (SEM) cm? prior to lymphatic
grafting to 3020+125 cm? after reconstruction
of the lymphatic vascular system and finally to
2516+104 cm? after the secondary liposuction
(SLS). All 28 adult patients underwent contin-
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uous compression and manual lymph-drainage
(MLD) prior to the reconstructive surgery. All
28 patients were evaluated regarding necessity
of any additional therapy more than 6 months
after SLS with a median follow up period of

37 months (range, 7-160 months). 18 of 28
patients did not require any supportive therapy
beyond 6 months after SLS to maintain the
results. Three patients continued to utilize
manual lymphatic drainage, 4 used a combi-
nation of MLD and compression therapy and

3 used elastic compression therapy (one patient
only while at work). These results indicate that
microsurgical restoration of lymphatic out-
flow followed by SLS eliminates the need for
additional treatment in more than two thirds of
patients.

Keywords: lymphedema, lymphatic vessel
grafting, liposuction, combination therapy

Arm edemas after oncological treatment
of mammary carcinomas are the most prev-
alent lymphedemas in Western countries.
Complete Decongestive Therapy (CDT)
consisting of Manual Lymph Drainage (MLD),
Decongestive Kinesiotherapy, and Compres-
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sion Therapy is the standard treatment. How-
ever, there is an increasing interest in surgical
procedures for the treatment of lymphedemas.
Modern resection methods using suction
devices and microsurgical procedures are
increasingly used but little is reported about
additional treatments required after surgery.
In our studies assessing quality of life (1),

we found that use of compression garments
represents a significant burden for patients.
Furthermore, MLD sessions are often time
consuming and impact patients' quality of life.

Autologous lymphatic vessel grafting
overcomes a locally compromised lymphatic
pathway. The autologous lymphatic vessels
are harvested from the thigh where there
is a surplus of lymphatic collectors and are
subsequently anastomosed with the main
lymphatic collectors proximally and distally to
the blockage serving as a bypass (2-4) (Fig. 1).
Lymphatic scintigraphy studies demonstrated
that this method leads to a significant increase
in lymphatic fluid transport capacity through
the grafts (5,6). In patients with visualization
of the grafts as bundles of activity, normal
values can be reached (7).

The problem of secondary tissue changes
such as fibrosis and increased fat deposits,
however, may not be solved with reconstruc-
tion of the fluid transport alone. After res-
toration of the lymphatic vascular system,
resection of these tissue compounds may
be advisable to improve arm volumes and
appearance of the limb. In these patients, the
question also arises whether initial autologous
lymphatic vessel grafting alters the necessity
to wear elastic garments after liposuction in
lymphedemas.

In this retrospective study, we examined
whether reconstructive surgery using the
patients' own lymphatic vessels followed by
secondary liposuction eliminates the necessity
for additional treatments, which may repre-
sent a significant burden on quality of life.

MATERIALS AND METHODS

28 adult patients who were originally
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treated with autologous lymphatic grafts for
arm lymphedemas due to a locally obstruct-
ed lymphatic system underwent liposuction

as a secondary procedure. Lymphatic vessel
grafting is an officially accepted surgical
approach for the treatment of lymphedemas in
Germany and has been previously described in
further detail (2-4,8). This retrospective study
was part of the hospital's standard quality
management procedure and deemed exempt
from additional IRB approval. All data were
deidentified.

Briefly, the autologous lymphatic vessels
are harvested from the thigh where there
is a surplus of lymphatic collectors. Prior
to the lymphatic vessel harvest, lymphatic
scintigraphy is performed in each patient to
exclude the possibility of an underdeveloped
lymphatic system dependent on the existing
lymphatic vasculature (asymptomatic lym-
phatic insufficiency). Similarly, the presumed
location of the lymphatic blockage proximally
to the lymphedema within the area of prior
axillary lymph node dissection is confirmed by
lymphoscintigraphy. Intraoperatively, a dye
(Patent blue®) is injected subdermally in the
first and second webspace between the toes.
The lymphatic collectors of the ventro-medial
bundle (which contains about 16 collectors) at
the thigh are thereby stained within approx-
imately 15 minutes. About 2 to 3 collectors
(at a length of about 23 to 30 centimeters) are
harvested only if a sufficient amount of other
stained lymphatic vessels can be left in place.
A suture is placed on each proximal end of
the collector graft and a long thread kept in
place and used for pulling the graft. Distally
each graft is left open. The proximal end of
the distal remaining lymphatic vessel is sealed
using a suture or cautery to avoid formation
of fistulas or uninhibited lymphatic drainage
into the tissue. The distal end of the proximal
remaining lymphatic vessel is left open.

In the upper arm, a short oblique super-
ficial skin incision is made and lymphatic
collectors (which are often fibrotic in advanced
stages) in the subcutaneous tissue of the
lymphedema are identified using the operating
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microscope. The distal anastomosis typically
involves two to four main lymphatic collectors
with a diameter of about 0.3 mm. Similarly,

a skin incision is made 2-3 centimeters above
the clavicle and lymphatic collectors, and
lymph nodes at the neck are identified beneath
the sternocleidomastoid muscle lateral to the
internal jugular vein. When the proximal
anastomosis is made to a lymph node, the cap-
sule is fenestrated, and the graft attached with
single sutures to ensure a direct connection to
the marginal sinuses within the lymph node.
Between the two skin incisions, a drainage
tube is placed subcutaneously and flushed
with Lactated Ringer's solution to moisturize
the tube and minimize friction. Subsequently
the lymphatic grafts are threaded through the
tube from the arm to the neck to minimize
friction or injury to the graft during insertion.

The tube is then pulled out distally. After
the tube is removed and the lymphatic grafts
are in position, they are subsequently anasto-
mosed with the main lymphatic collectors dis-
tally and lymphatic collectors or lymph nodes
proximally to the blockage serving as a bypass
(Fig. 1). High power microscopes are required
for suturing the lympho-lymphatic anastomo-
sis. It is critical to perform the anastomosis
without tension in oblique direction using
absorbable suture material. The size of the
lymphatic vessels, instrumentation, sutures
and magnification levels are as previously
described (2-4,8).

In patients with a predominance of fat
tissue, in whom an additional reduction of
arm volumes was desired, liposuction was per-
formed as a secondary procedure. The suction
was performed in a longitudinal direction in
order to spare the lymphatic main collectors as
described by Frick et al (9) and Hofmann et al
(10). The suction was performed only beneath
the area of the lymphatic anastomosis at the
proximal upper arm.

Most patients included in this study suf-
fered from sequelae of mammary carcinoma
treatment. The mean age at secondary liposuc-
tion was 56.3 years (range, 41.6 - 72.4 years).
The median interval between lymphatic
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grafting and liposuction was 21 months (range
9-107 months).

Prior to lymphatic grafting, all patients
completed a non-operative treatment regimen
of CDT for at least 6 months. Most patients
participated in non-operative treatment regi-
mens for years before presenting for lymphatic
grafting. After lymphatic vessel grafting and
secondary liposuction, a flat knitted compres-
sion garment was used routinely for 6 months
as a standard postoperative regimen to initial-
ly support the influx of lymph into the lym-
phatic anastomoses and stabilize the tissues
after the secondary liposuction respectively.
Two garments were prescribed and continuous
use (24 hours/day) recommended initially. No
manual lymph drainage was performed during
this time period.

After 6 months, it was determined wheth-
er the patient was able to eliminate all addi-
tional therapeutic measures or if an additional
treatment with compression therapy or man-
ual lymph drainage was deemed necessary
to maintain the result. In most patients, this
decision was made during standard clinical
follow-up visits at our center. If this was not
possible for patient-based reasons, the decision
was made after consultation with the patient's
primary care physician and in telephone inter-
views. Only patients with additional follow-up
extending beyond the 6 months after surgery
were included in the study. The use of addi-
tional therapies was explored and documented
during routine follow-up consultations or by
phone interviews within the standard clinical
follow-up period.

Arm volumes were determined measuring
the circumference with an interval of 4cm and
using the truncated cone formula according to
Kuhnke (11).

Statistical Analysis

The statistical analysis was performed
by SPSS. A p-value of < 0.05 was considered
significant. For the statistical analysis of
differences in arm volume, the nonparamet-
ric Wilcoxon signed-rank test was used to
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compare samples at different time points. The
non-parametric analysis of the necessity of
garment or MLD use before and after oper-
ative treatment was performed using McNe-
mar's test for paired samples.

RESULTS

Of 215 patients with arm edemas treated
between 1980 and 2014 by autologous lym-
phatic grafting, 28 adult patients who had
undergone autologous lymphatic grafting at
very advanced stages of lymphedema also
underwent SLS as a second procedure. As
detailed in Methods, all patients had been
pretreated extensively by non-operative means
prior to lymphatic grafting, with a minimum
pre-treatment period of 6 months.

After the first surgery for reconstruc-
tion of the interrupted lymphatic vascu-
lar system, arm volumes in the 28 adult
patients decreased significantly from a
mean of 3417+171 cm?® (SEM) to a mean of
3020+125 cm?® (SEM) (p<0.001). At this stage,
7 of the 28 patients used compression regular-
ly, 15 under working conditions, and 9 pa-
tients maintained manual lymphatic drainage.
This unusually high requirement for contin-
ued compression therapy or MLD following
autologous lymphatic grafting reflects the
advanced stages of lymphedema in this group
of 28 patients.

After SLS, arm volumes further de-
creased from a mean of 3020+125 cm3 (SEM)
to a mean of 2516+104 cm? (SEM) (p<0.001)
with a median follow-up period of 37 months
(range, 7-160 months) after SLS. The volume
reduction achieved with this sequential surgi-
cal method resulted in a volume comparable
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Fig. 1. Lymph collector grafts harvested form the
thigh bypass a lymphatic obstruction at the axilla and
now connect the lymphatic vascular system of the up-
per arm to the lymphatic system of the neck.

Fig. 2. Arm volumes before lymphatic grafting (preop
LTX), after lymphatic grafting (preop SLS), and after
secondary liposuction (postop SLS).

Fig.3. Need of additional therapy (Manual Lymphatic Drainage or compression therapy) more than 6 months after
secondary liposuction (patients had previous lymphatic grafting).
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to that of the normal contralateral arm with a
mean volume of 2304+79 cm? (SEM) (Fig. 2)
as measured at the time prior to lymphatic
vessel grafting. The differences in affected arm
volume between the preoperative status prior
to the lymphatic grafting and the second-

ary liposuction compared to the status after
the liposuction where highly significant. In
contrast, control volumes of the contralateral
arms did not change significantly over time
with a mean volume of 2304+79 cm?3 (SEM)
measured prior to the microsurgical procedure
and a mean volume of 2291+90 (SEM) cm? at
the time of follow-up after SLS (p>0.05).

Elastic compression therapy was contin-
ued as standard in all patients after surgery
for 6 months to improve the influx into the
anastomosed lymphatic collectors. Manual
lymphatic drainage was not performed during
the 6 months following surgery.

After the 6-month postoperative period,
compression therapy was discontinued in all
patients after a clinical assessment. Assess-
ments to determine the need for additional
treatment were initiated at regular intervals
after this period. Whether patients utilized ad-
ditional supportive treatments was determined
and documented in all patients either during
a follow-up visit or during additional phone
interviews.

All 28 adult patients who underwent pri-
mary lymphatic grafting followed by second-
ary liposuction and discontinuation of postop-
erative elastic compression therapy 6 months
after the second surgical procedure were
evaluated with follow-up beyond 6 months
after secondary liposuction (Fig. 3).

With a median follow-up of 37 months
(range, 7-160 months), 21 of 28 patients did
not require additional compression therapy
beyond 6 months following the secondary lipo-
suction. Of the 7 patients who required ongo-
ing use beyond 6 months following secondary
liposuction, 6 used the garment continuously,
whereas one patient used compression therapy
only as needed while performing heavy manu-
al labor (Fig. 3).

Manual lymphatic drainage did not need
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to be performed in 21 patients after second-
ary liposuction. While none of the 28 patients
underwent manual lymphatic drainage in the
6 months following secondary liposuction, 7
patients elected to resume manual lymphatic
drainage at 6 months after the second surgery.
Four of 7 patients combined it with the use of
elastic support (Fig. 3).

In summary, 18 of 28 patients did not re-
quire any supportive therapy beyond 6 months
following secondary liposuction, while 3
patients continued to utilize manual lymphat-
ic drainage, 4 used a combination of manual
lymphatic drainage and compression therapy,
and 3 used elastic compression therapy.

There was a statistically significant
difference in the requirement of additional
supportive therapies after surgical interven-
tion (consisting of lymphatic vessel grafting
followed by secondary liposuction) when
compared to the requirement prior to surgical
intervention with respect to use of compres-
sion garments (p<0.05) and manual lymphatic
drainage (p<0.05).

Two representative patients are shown in
Figs. 4-8.

A 60-year-old female underwent breast
conserving therapy of mammary carcinoma.
Figs. 4, 5 and 6 depict sequential imaging of
the arm at various stages of treatment for
lymphedema. The arm is shown prior to the
first surgery while using CDT consisting of
compression garments, manual lymphatic
drainage and physical therapy. The edematous
arm had a volume of 2712 cm? compared to
the volume of the healthy contralateral arm
measuring 2045 cm? (Figs. 4a,b). At 1 year
following lymphatic grafting, the volume of
the edematous arm had decreased to 2252 cm?,
whereas the volume of the healthy arm
remained relatively unchanged at 2073 cm?
(Figs. 5a,b). Following secondary liposuction
(here shown at 6 years after secondary liposuc-
tion), the previously edematous arm had a vol-
ume of 1858 cm? compared to 2200 cm? of the
healthy arm (Figs. 6a,b). This patient did not
use any additional supportive therapy beyond
6 months following SLS.
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Fig. 4. A 60-year-old patient 30 months after breast
conserving therapy, prior to lymphatic grafting. Arm
volumes: 2045 cm? of the healthy right arm, 2712 cm®
of the affected left arm in front (a) and rear (b) view.

Fig. 5. The patient shown in Fig. one year after lym-
phatic grafting without additional therapy. Arm vol-
umes: 2073cm? of the healthy right arm, 2252cm? of
the affected left arm in front (a) and rear (b) view.

Fig. 6. The patient shown in Figs. 4 and 5 now 6 years
after secondary liposuction without additional thera-
py. Arm volumes: 2200cm? of the healthy right arm,
1858cm’ of the affected left arm in front (a) and rear
(b) view.
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Fig. 7. Lymphatic transport in the patient shown in
Fig. 4, 5 and 6 as demonstrated by lymphoscintigra-
Pphy of the right arm (marking points: 1 wrist, 2 elbow
3 shoulder). (a) Prior to lymphatic grafting 10 to 23
minutes after application of the radiopharmaceutical,
imaging demonstrates accumulation of lymph at fore-
arm without any flow to the axillary region. (b) 8 years
after lymphatic grafting and 6 years after secondary
liposuction, 10 to 25 minutes after injection of the ra-
diopharmaceutical, imaging demonstrates quick out-
flow via lymphatic grafts to lymph nodes at the neck
and absence of accumulation of lymph at the forearm.

Fig. 8. A 64-year-old patient after treatment of mam-
mary carcinoma with extensive lymphedema of the
left arm. (a) Prior to lymphatic grafting. Arm vol-
umes: 2965 cm? of the healthy right arm, 6537 cm’
of the affected left arm. (b) 5 years after lymphatic
grafting and 4 years after secondary liposuction with-
out additional therapy. Arm Volumes: 3139 cn?’® of the
healthy right arm, 2529 cm?® of the affected left arm.

Lymphatic scintigraphy in the patient
was performed prior to lymphatic grafting.
The radio-pharmaceutical accumulated at
the forearm indicating stasis of the lymphatic
fluid. No flow to the axillary region was visible
(Fig. 7a). 8 years after lymphatic grafting and
6 years after SLS, dramatic improvement in
the lymphatic outflow can be seen, with visible
activity along the lymphatic grafts and the
supraclavicular lymph nodes. This scintigram
result resembles a normal scintigram signal.
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The lymphatic transport index improved
accordingly from a score of 21 (pathologic) to
a score of 2 (normal) (Fig. 7b). For point of ref-
erence, a score of 10 is considered borderline.

A second representative patient is shown
here prior to lymphatic grafting and during
late follow-up after completing secondary lipo-
suction (Fig. 8).

This 64-year-old female with excessive
edema of the left arm after treatment of
mammary carcinoma is shown while being
treated with supportive therapy approaches
prior to presenting for surgical care of her
lymphedema. The edematous arm had a
volume of 6537 cm? compared to 2965 cm? of
the healthy arm (Fig.8a). Figure 8b shows the
treated left arm, which is now comparable to
the right healthy arm in volume and appear-
ance, without any additional treatment 5 years
after lymphatic grafting and 4 years after SLS.
The volume of the previously edematous arm
decreased to 2529 cm?3, whereas the normal
arm showed a small increase to 3139 cm?.

DISCUSSION

Lymphedemas are caused by a diminished
transport of lymphatic fluid (12). In the later
stages of lymphedema, a surplus of adipose
tissue and fibrosis is clinically obvious and
further complicates successful therapy (13,14).
Both factors must be taken into consideration
to address the problem comprehensively.

Addressing the diminished transport is
basically a vascular problem. Lymphedemas
due to a local obstruction, as can be seen in
the axilla or the pelvis can be treated using
lymphatic vascular bypasses. This approach
is most applicable in secondary lymphede-
mas occurring after medical interventions in
these areas. Rarely this is the case in pri-
mary lymphedemas of the lower extremity.
Lymphatic grafting is only possible in uni-
lateral primary lymphedemas arising from
short regional atresia, in which a peripheral
lymphatic system is intact, as was shown in
lymphographic studies by Kinmonth (15). In
leg lymphedemas, lymphatic vessels can be
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harvested and transferred from the healthy
contralateral leg to bypass the regional atresia.
In arm lymphedemas, lymphatic grafts are
taken from the patient's thigh and are anasto-
mosed with major lymphatic collectors at the
upper arm and lymphatic vessels or lymph
nodes at the neck, bypassing the obstruction
like a typical vascular bypass (2,3). This meth
od is based on comprehensive basic studies
3,16,17).

Using lymphatic grafts and reconstruct-
ing the lympho-vascular system itself, has
multiple advantages. Coagulation of lymph is
low in contrast to blood (18). Patency rates of
lymphatic to lymphatic anastomoses are ex-
tremely high, as shown in animal models (17).
Lymphatic vessels retain their ability to active-
ly pump lymphatic fluid without innervation
(19) and can form anastomoses spontaneously
once connected closely to each other (20). Of
particular importance is the fact that lym-
phatic collectors are not merely tubes. With
their ability to transport lymph actively, they
may act as pumps and are capable of draining
lymph from tissues in areas where the pe-
ripheral lymphatic collectors in longstanding
lymphedema have lost their intrinsic pumping
activity. This approach is further supported by
the favorable results of other groups utilizing
different microsurgical approaches of lym-
phatic grafting in advanced cases of lymph-
edema compared to lympho-venous anasto-
moses or lymph node transplantation (21). A
number of early (3,4) and also recent studies
(6) including those by other groups have docu-
mented the benefit of this procedure (22).

We previously demonstrated that a
significant volume reduction can be achieved
especially in arm edemas and is sustained
in long-term studies with a follow-up period
exceeding 10 years (4). Nuclear medicine
studies revealed a significant improvement of
the lymphatic transport index (5-7,23), which
represents the amount of lymphatic fluid
transported from an extremity.

Additionally, the donor area can be
evaluated by lymphatic scintigraphy. Since all
patients underwent a preoperative lymphatic
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scintigraphy of the affected extremity and pos-
sible donor site, it was also possible to evaluate
the donor site postoperatively. In a consecu-
tive series of 19 patients, no adverse effects or
diminished lymphatic transport, as measured
by the lymphatic transport index, was seen
(24). This result might be due to the fact that
we strictly avoid narrow areas of the lymphat-
ic system at the groin or the knee region. Here
we only remove lymphatic vessels above the
branch point and under the condition that
multiple stained lymphatic collectors running
within the ventro-medial bundle can be left

in place untouched. Long term patency of

the lymphatic grafts was demonstrated after
surgery using indirect lymphography and MRI
lymphography (7,25,26). These studies provide
objective data to document the improvement
and in some cases normalization of lymphatic
transport.

From a perspective of quality of life, not
only the volume reduction is important but
also the freedom from ongoing treatment
involving visible devices and time-consum-
ing treatment sessions. Quality of life was
improved significantly when patients who
had already experienced improvement by
conservative therapy, underwent lymphatic
grafting (1). Once again, the improvement was
especially important for patients with arm
edemas, since elastic stockings and the swollen
arm are often obvious in public. Therefore, it
is of utmost importance for patients to avoid
additional treatments.

With the assistance of liposuction, ac-
cumulated fat can be removed sufficiently in
a minimally invasive manner. Brorson and
colleagues showed that full volume reduction
with liposuction alone, was possible if patients
are wearing elastic garments continuously
(14,27). This result may be fully sufficient for
elderly patients and in a cold environment.
However, quality of life studies revealed that
patients may suffer substantially from the ne-
cessity of using these devices and supports (1).
We therefore addressed the question whether
it is possible to achieve similar results without
additional treatment after first improving the
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lymphatic transport capacity.

Before the first microsurgical interven-
tion, all patients underwent CDT manual
lymphatic drainage, continuous compression
garment and physical therapy. Most patients
utilized CDT for years. The shortest period of
CDT was 6 months since during this period
transient edemas may disappear spontaneous-
ly, and surgery is not recommended in those
cases.

After the first microsurgical treatment,
elastic support was provided to support the
influx of lymph into the anastomoses for the
first 6 months. Thereafter, elastic stockings
were discontinued and patients monitored
closely. Manual lymphatic drainage and com-
pression garments were reinitiated as neces-
sary. Volume measurements where performed
using the method according to Kuhnke (11).
This method gives a sufficient measurement
of volume comparable to water replacement
techniques (28).

Our experiences taught us that in mod-
erate lymphedemas with little surplus of fat
tissue, adequate results can be achieved by im-
proving and restoring the lymphatic transport
capacity alone (3,8). However, many patients
with a high volume of fat deposits desire a
complete reduction of the excess volume.
These patients are therefore candidates for an
additional liposuction procedure. The ratio-
nale of performing the lymphatic vessel bypass
prior to a secondary liposuction procedure is
to first correct the causative problem of the
lymphedema and restore lymphatic transport.

After the secondary liposuction proce-
dure, a flat-knitted compression garment was
applied for 6 months and no additional manu-
al lymphatic drainage was applied as outlined
above. Since we performed liposuction strictly
in parallel to the lymphatic collectors which
we had to preserve and spare the area of the
microsurgical anastomoses at the proximal up-
per arm, we did not aim for absolute reduction
of arm volumes to normal values. However,
overtreatment can occur as illustrated in
Figs. 6a,b. The critical question was, whether
this approach would enable patients having
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suffered such severe lymphedemas to maintain
the size of the extremity without additional
subsequent treatment.

As described in this report, most patients
do not require any subsequent therapy with
this sequential approach. Since the liposuction
is performed distally to the bypass, potential
damage to the bypass is not an important
consideration during SLS and liposuction
is not performed first. Approaches based on
liposuction only are associated with a high
recurrence rate of lymphedema when com-
pression garments are discontinued because
the underlying problem of lack of lymphatic
transport persists. However, lymphatic graft-
ing has a documented effect on improving
lymphatic transport and therefore should
minimize or avoid the necessity for additional
treatment completely, once volume reduction
with SLS is achieved. Reduction of additional
tissue via SLS also lowers the lymphatic load
and improves the balance between the restored
lymphatic transport capacity and lymphatic
load. Our long-term follow-up studies revealed
the freedom from any additional treatment
in more than two-thirds of the patients who
underwent lymph vessel bypass followed by
SLS. This finding suggests that our approach
is a highly successful therapeutic strategy to
restore form and function of a limb affected by
secondary lymphedema without the necessity
of ongoing therapy.
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