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Abstract: Lymphedema surgeries have been proven effective in treating lymphedema and are not
considered experimental or unproven. The medical literature consistently supports the safe and
successful use of physiologic drainage lymphedema surgeries such as lymphaticovenous anastomosis
(LVA), vascularized lymph node transfer (VLNT), and reductive surgeries such as suction-assisted
protein lipectomy (SAPL) when performed by an experienced lymphedema surgery team to treat
properly selected patients. Proper integration of lymphedema therapy is critical to achieving success-
ful outcomes. We review effective lymphedema surgeries, their indications, patient selection, and the
proper application of surgical treatments to achieve optimal results.
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1. Introduction

Lymphedema is a serious condition caused by dysfunction of the lymphatic system.
Worldwide, most cases of lymphedema occur secondary to parasitic infections. In the
developed world, most cases of lymphedema occur secondary to treatment for cancer.
An estimated 250 million people suffer from lymphedema and its symptoms. The true
incidence of lymphedema is difficult to determine as a result of significant differences in
diagnostic criteria. Lymphedema incidences have been reported to be between 20% to
40% after breast cancer treatment, 25% after head and neck cancer treatment, 29% after
prostate cancer treatment, and up to 60% after gynecological cancer treatment. Congenital
lymphedema, or lymphedema without a known cause such as cancer treatment, is less
common than secondary lymphedema. While the incidence of patients diagnosed with
congenital lymphedema has been described as very low by some authors, we have noticed
that the percentage of patients with congenital lymphedema has increased significantly in
our Center and is likely higher than previously thought. This is consistent with previous
studies that have found rates of congenital lymphedema in patients with leg lymphedema
to be as high as 51% [1–10].

A multidisciplinary approach to lymphedema treatment is essential. The key member
of the team is the Certified Lymphedema Therapist (CLT) who evaluates the patient, treats
with conservative lymphedema therapy, and refers to specialists such as a lymphedema sur-
geon as needed. Conservative lymphedema therapy includes the use of manual lymphatic
drainage (MLD), compression garments, pneumatic pumps, multi-layered compression
bandaging, and other modalities such as topical lasers to increase lymph flow in affected
limbs, manage symptoms, and decrease excess volume. Complete decongestive therapy
(CDT) administered by a CLT is also a mainstay of treatment and consists of manual lym-
phatic drainage (MLD) and massage, compression bandaging, therapeutic exercises, and
meticulous skin care. Non-surgical therapies, when administered correctly by an experi-
enced CLT, can significantly improve symptoms and reduce excess fluid swelling [10–13].
However, such therapies cannot remove excess pathologic lymphedema solids found in
stage 2 or greater lymphedema and must be continued indefinitely in order to remain
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effective. Continued use of compression garments, compression pumps, and other conser-
vative treatments are time-consuming and uncomfortable, making them suboptimal for
lymphedema patients. High ongoing treatment costs, variability in the quality of compres-
sion garments and treatment, and incomplete insurance coverage are common barriers to
effective ongoing non-surgical treatment.

2. Fundamental Paradigm of Lymphedema Disease Progression

Experienced lymphedema surgeons and their care teams around the world have con-
sistently demonstrated that lymphedema surgeries effectively treat patients at all stages
who are properly selected for such surgeries [14]. Previously, differing approaches yielded
variable outcomes. A critical advancement was the recognition that the lymphedema
disease process is driven by inflammation caused by the accumulation of excess lymphatic
fluid. The inflammatory lymphatic fluid causes progressive tissue damage and permanent
accumulation of pathologic lymphedema solids in the later stages of the disease. The
changes in the composition of the affected extremity directly dictate the correct treatment
needed. This key concept of the Fundamental Paradigm of Lymphedema Disease Progres-
sion guides both successful conservative and also surgical lymphedema treatment and is
critical for the overall success of treatment.

In the lymphedema disease process, impaired lymphatic drainage leads to the ac-
cumulation of excess lymphatic fluid. Initially, these fluid changes can only be seen on
imaging such as lymphoscintigraphy or indocyanine green (ICG) mapping. This represents
stage 0 lymphedema. Additional fluid accumulation leads to swelling and symptoms,
but the affected arm or leg can return to the appearance of the unaffected side. This is
stage 1, or fluid predominant, lymphedema. In the early stages of the lymphatic disease,
such as stage 1 lymphedema, excess fluid can be treated effectively with conservative
lymphedema therapy such as compression, MLD, CDT, or other non-surgical methods.
Stage 1 lymphedema fluid excess also can be treated effectively with physiologic drainage
surgeries such as lymphaticovenous anastomosis (LVA) surgery and vascularized lymph
node transfer (VLNT) surgery.

If left undertreated, the excess lymphatic fluid causes progressive inflammation. The
inflammation damages soft tissues such as skin and even the lymphatic drainage channels
themselves, resulting in further inflammation and swelling. This chronic inflammation
causes the accumulation of additional pathological lymphedema solids, such as excess
fat and proteins, that accumulate permanently between the skin and underlying fascial
layers. The accumulation of excess solids correlates with stage 2, or solid predominant
lymphedema, and is characterized by large amounts of excess solids and severe soft tissue
inflammation. These pathologic lymphedema solids cannot be removed with conservative
lymphedema treatments. Instead, the solids that develop in stage 2 lymphedema must be
removed with reductive surgeries specifically designed to treat lymphedema patients, such
as suction-assisted protein lipectomy (SAPL) surgery. Once the pathologic solids have been
removed, inflammation will decrease and healing can occur. Even more severe disease
progression can occur, with continued inflammation causing irreversible thickening and
damage to the skin and deeper tissues. This most severe form is stage 3 lymphedema and
requires extreme excision of the affected tissues with procedures, such as the Charles Proce-
dure, in addition to aggressive conservative management. This Fundamental Paradigm
of Lymphedema Disease Progression and its importance in patient selection for surgical
treatment was conceptualized by Granzow and first presented in 2010.

The understanding of this Fundamental Paradigm of Lymphedema Disease Progres-
sion has improved both patient selection and expected outcomes. We use a surgical staging
system similar to the International Society of Lymphology (ISL) system [15]. Patients with
stage 0 lymphedema, or lymphedema that is asymptomatic but clearly visible on imaging,
may be treated with careful observation, conservative therapy, or LVA surgery depending
on a patient’s given situation. Patients with stage 1 lymphedema disease will respond
best to lymphedema therapy and benefit from physiologic drainage surgeries such as
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VLNT and/or LVA surgeries. Patients with stage 2 lymphedema disease require both lym-
phedema therapy to address the fluid still present and also reductive surgery such as SAPL
surgery to remove the solids and return the patient’s arm or leg to a condition more closely
resembling stage 1, fluid predominant only lymphedema. Physiologic drainage surgeries,
such as LVA or VLNT, will produce limited volume reductions in stage 2 lymphedema
patients [13,16]. Patients with advanced severe stage 3 lymphedema have such advanced
disease that the irreversibly damaged skin and soft tissues require direct surgical excision
as a component of treatment (Table 1).

Table 1. Surgical Lymphedema Staging System [17].

Stage Characteristics Surgical Treatment

0 Asymptomatic, changes found on imaging only None, conservative therapy, or
LVA Surgery

1 Fluid predominant swelling (pitting edema) LVA and/or VLNT Surgery

2 Solid predominant swelling (non-pitting edema) SAPL Surgery

3
Late stage solid predominant with severe skin

thickening and damage and significant
disfigurement (elephantiasis)

Soft tissue resection needed as
a component of treatment

Volume reductions achieved by physiologic drainage surgeries are often reported in
the medical literature. Such volume reductions represent improvements in fluid drainage
of the treated extremities. However, we feel that this excess fluid should instead first be
treated and removed with conservative lymphedema therapy and compression therapy
before any type of surgical intervention is attempted. This allows for improved patient
selection, significant reductions in inflammation at the delicate surgical sites, and better
overall outcomes. Only after healing has occurred should physiologic procedures be used
to maintain these fluid volume reductions achieved with conservative therapy. This is why
we do not report volume reductions after physiologic surgeries such as VLNT and LVA
surgeries. We also feel strongly that volumes can and should be reported as calculated
from circumferential measurements made at 4 cm intervals, laser plethysmography, or
similar technologies. This produces more accurate values that are more comparable across
different centers [18,19].

In recent years, the Fundamental Paradigm of Lymphedema Disease Progression
has been increasingly accepted around the world and used to improve patient selection
for lymphedema surgeries. Some authors appropriately hesitate to perform physiologic
VLNT or LVA surgery in patients with such advanced disease, citing increasing sclerosis in
lymphatic vessels in these patients. We agree that physiologic procedures should not be
used as a first-line treatment for such patients with stage 2 solid predominant and more
advanced lymphedema [20–23].

3. Surgical Techniques: Reduction in Lymphedema Fluids—Physiologic Procedures

Physiologic drainage surgeries such as VLNT and LVA surgeries have been proven
effective in treating lymphedema patients in numerous studies. Variations in these tech-
niques such as lymphaticolymphatic bypass and lymph node-to-vein anastomosis have also
been described [24–28]. As is the case with many other surgical treatments and specialties,
different variations are employed successfully according to the specific surgeon’s training
and experience. Common among these physiologic procedures is that they have been
shown by the medical literature to improve lymphatic drainage. This leads to significant
improvements in quality of life, reduced risk of infection, and reductions in the need
for compression garments and lymphedema therapy greater than can be achieved with
lymphedema therapy alone [13,29–34].

Since all patients are evaluated and treated by a CLT before consideration for any
lymphedema surgery, all patients have a compression garment regimen in place prior to
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any LVA and/or VLNT surgery. During the postoperative healing process after VLNT or
LVA surgery, we progressively decrease the use of the compression garments to the extent
that the patient’s physiology allows and have been able to completely eliminate the need
for daily compression garment use in some patients. However, we feel strongly that the
patient expectation should be that the use of custom compression garments will be required
to some extent as dictated by each patient’s individual situation.

We find that physiologic surgeries produce long-term improvements (Figure 1). Our
patients have reported less swelling in their surgically treated lymphedema-affected limbs
than their other limbs when confronted by unrelated systemic conditions, such as pregnancy,
that produce fluid swelling in the other unaffected arms and legs. In our experience, in
patients with congenital lymphedema, lymphatic vessels tend to be fewer in number, are
more difficult to locate, and are of poorer quality with more sclerosis in patients with
congenital lymphedema. This makes patients with congenital lymphedema more difficult
to treat successfully with physiologic drainage lymphedema surgeries, consistent with
previously published studies [35–37].
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Figure 1. Patient with right arm lymphedema following treatment for breast cancer with bilateral
mastectomy, right lymph node dissection and radiation therapy [38]. (A) Arms prior to surgery;
(B) Stable result 4½-years after VLNT to right axilla performed together with a DIEP flap for breast
reconstruction. She requires no daily garment or therapy. Reproduced with permission from [38],
published by Thieme, 2018.
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4. Vascularized Lymph Node Transfer (VLNT) Surgery

VLNT surgery was first introduced in the early 1990s and has been used extensively to
treat lymphedema successfully [39–41]. This microsurgical procedure involves the transfer
of lymph nodes and surrounding soft tissues as a free flap from a donor site that contains
excess lymph nodes to a lymphedema-affected area. Once in place, the blood vessels and
lymphatics at the recipient site grow into the flap during the healing process and create
new pathways for the removal of excess lymphatic fluid from the affected area. Different
authors have described variations in the VLNT surgery. Donor sites include the groin,
lateral torso, neck, or abdomen [42–45]. Lymph nodes containing flaps may be placed at
proximal recipient locations such as the groin, proximal thigh or axilla, or distal locations
such as the ankle or wrist [46–48].

If used to treat lymphedema after treatment with axillary lymph node dissection for
cancer, VLNT surgery allows for the division of the constricting scar in the axilla and
can significantly reduce new scar bands from forming again. We feel this is a significant
advantage of VLNT surgery over LVA surgery when used to treat arm lymphedema after
axillary node dissection. We only use proximal recipient sites for multiple reasons, the
most important of which is the need to continue the use of flat-knit custom compression
garments in all lymphedema patients as an essential part of treatment. This includes
compression on possible distal recipient sites to prevent lymphatic fluid reaccumulation
and inflammation as discussed previously.

The main disadvantage of the VLNT procedure is a possible but low risk of the
development of lymphedema at or around the flap donor site [49–52]. However, this
possible low risk is further reduced by the use of reverse lymphatic mapping [53].

5. Lymphaticovenous Anastomosis (LVA) Surgery

Also called lymphovenous anastomosis and lymphaticovenous bypass (LVB), LVA
surgeries were first performed and described in the 1970s but were initially found to have
limited success [54,55]. Later refinements in surgical techniques, most notably by Koshima,
led to improved outcomes and greater adoption [32,56,57].

LVA surgery involves the connection of lymphatic vessels to adjacent venules at sites
distal to lymphatic obstruction. This allows the excess lymphatic fluid to bypass the obstruc-
tion and drain directly into the venous system. The excess lymphatic fluid is cleared and
the inflammation in the affected area improves. Supermicrosurgery is required to connect
the lymphatic vessels that typically range in diameter from 0.1 mm to 0.9 mm [58]. The
small size of the lymphatic vessels and the technical difficulty of LVA surgical techniques
mandates the use of specialized supermicrosurgery and superfine instruments specifically
suited for the detailed work required. The large number of variations in LVA techniques
that continue to be published in the medical literature underscores the steep learning curve
for this delicate surgery. Superfine instruments and microscopes capable of magnifications
greater than that needed for standard microsurgery procedures are required to produce the
best results.

The advantages of LVA surgeries include the fact that they are very effective, have
no risk of donor site flap or lymphedema morbidity, are minimally invasive, and have
the lowest pain and recovery of the lymphedema surgeries [59]. As also reported by
other authors, we have found that increasing numbers of anastomoses appear to provide
improved outcomes [60,61].

LVA surgeries can be performed even in patients with poor imaging in ICG and
advanced-stage lymphedema [62–64]. However, as described previously, we feel strongly
that patients with advanced stage 2 lymphedema should have solids removed first with
SAPL surgery to reduce inflammation and volume. This will improve LVA outcomes in
such patients.

LVA surgery can be used at the time of cancer surgery to prevent the occurrence of
lymphedema in a method known as Immediate Lymphatic Reconstruction (ILR). This is an
important area but lies beyond the scope of this manuscript [65,66].
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6. Surgical Techniques: Reductive Removal of Lymphedema Solids

The treatment of patients with late-stage lymphedema has always been challenging.
The current use of SAPL surgery for properly selected patients can now consistently
normalize the volume of an affected arm or leg. Previously, initial surgical attempts at
volume reduction were developed over a century ago. The Charles procedure, first reported
in 1912, involved the aggressive resection of the skin and soft tissues down to the deep fascia
followed by skin grafting of the open areas [67]. Subsequent attempts to preserve lymphatic
function following soft tissue excisions were described by Sistrunk and later, Thompson.
However, the results of these early procedures were often ineffective and disfiguring. These
procedures have largely been abandoned except in extreme cases of stage 3 lymphedema
(elephantiasis), where massive skin thickening and swelling may necessitate direct tissue
excision [68–70]. The morbidity of such procedures caused lymphedema therapists to be
skeptical of lymphedema surgeons and discourage the referral of a patient to any surgeon
for lymphedema surgery. However, current surgical approaches such as SAPL surgery are
far less invasive surgeries, produce much better outcomes, and have brought lymphedema
surgery back into the mainstream.

7. Suction Assisted Protein Lipectomy (SAPL) Surgery

SAPL effectively addresses the remaining pathologic excess solids in patients with
advanced stage 2 lymphedema after the lymphedema fluid excess has been addressed first
with conservative lymphedema therapy methods. The procedure has been shown to be
consistently effective in removing excess lymphedema solids in hundreds of patients over
many years [71–75].

SAPL surgery is derived from the procedure first described by Brorson in 1997 [76].
It is an intense procedure in which the dense lymphedema solids are aspirated through
small incisions with specialized cannulas under general anesthesia in the operating room.
A team-based approach is essential for good results since the intensity of the procedure
and postoperative care required are high. Not only are the pathologic solids much thicker,
dense, and adherent than the fat otherwise aspirated with cosmetic suction-assisted lipec-
tomy (SAL), but also, the ability of patients with advanced-stage lymphedema to drain
postoperative swelling is greatly impaired and requires tremendously more effort and care
by the team than SAL. The volumes of pathologic solids that require removal are also much
greater than most SAL procedures. In our experience, typical average volumes aspirated in
one surgery approximate 4 L per leg [17].

The involvement of a lymphedema therapist specially trained to care for SAPL surgery
patients before, during, and after surgery is essential. The surgery usually takes 4 to 5 h and
the entire arm or leg is treated as one unit. Much of the surgery is performed under surgical
tourniquet. The application of intraoperative short-stretch lymphedema compression ban-
dages by a trained CLT is essential. Custom flat knit compression garments must be used to
control postoperative swelling, and close postoperative monitoring and staged down-sizing
of custom garments is required for a good outcome. SAPL surgery is always performed as
an inpatient surgery and patients remain in the hospital for multiple days until they can
ambulate and remove and replace compression garments independently. The procedure
can effectively treat both congenital and secondary advanced stage 2 lymphedema. In our
experience and that of other surgeons, the lymphedema inflamed skin retracts significantly
more after SAPL surgery in comparison to patients who have undergone SAL or other
procedures. Consistent with many previously published reports, we find that the resection
of excess skin is rarely required in SAPL surgery [9,77] (Figures 2 and 3).

The improvements achieved through a team-based comprehensive approach for SAPL
surgery can be tremendous. Solids that otherwise cannot be addressed by any other
methods can be removed on a consistent basis. We have previously reported average excess
volume reductions of 86% in legs and 101% in arms, and our current average volume
reductions for both arms and legs are over 100%, meaning that the final volume of the
treated limb is less than that of the unaffected side [17].
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medial aspect of her left leg. An overall volume reduction of over 5000 cc was achieved with signif-
icant improvement in mobility of the knee joint. The excess loose skin present after surgery con-
tracted completely, as typically occurs with the SAPL procedure. Since the procedure, she has had 
no further episodes of cellulitis [75]. (A) Before SAPL Surgery. (B) Nine months following SAPL. (C) 
Twenty-one months following SAPL. Reproduced with permission from [75], published by the In-
ternational Society of Lymphology and the University of Arizona Libraries, 2017. 

Figure 2. Patient with a 46-year history of congenital lymphedema of the left leg prior to the SAPL
procedure. The scar from her previous excisional operation, attempted elsewhere, is visible on
the medial aspect of her left leg. An overall volume reduction of over 5000 cc was achieved with
significant improvement in mobility of the knee joint. The excess loose skin present after surgery
contracted completely, as typically occurs with the SAPL procedure. Since the procedure, she has
had no further episodes of cellulitis [75]. (A) Before SAPL Surgery. (B) Nine months following SAPL.
(C) Twenty-one months following SAPL. Reproduced with permission from [75], published by the
International Society of Lymphology and the University of Arizona Libraries, 2017.
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Figure 3. Patient with a history of congenital lymphedema of the left leg for 17 years. Patient
maintains a stable reduction in excess volume of 123% (affected left leg smaller than right leg)
following SAPL surgery [38]. (A) Patient before SAPL surgery; (B) Patient 10 months after surgery.
Reproduced with permission from [38], published by Thieme, 2018.

Like a sponge, the pathological solids of late-stage lymphedema retain the inflam-
matory lymphatic fluids, making compression and treatment increasingly difficult. By
safely removing these excess solids, SAPL surgery effectively removes a large reservoir
for inflammation and allows healing to occur. Custom compression garments are initially
downsized every few months to capture volume improvements, residual fluid swelling
decreases, and skin quality improvements. The risks of severe cellulitis are significantly
reduced after SAPL surgery treatment on the order of 75% [78].

To be a candidate for SAPL surgery, a patient must have advanced stage 2 (solid
predominant) lymphedema. They must have undergone therapy and compression by a
trained CLT prior to consideration for surgery and must be wearing custom-fit flat knit
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compression garments full time to achieve maximum reduction in the excess lymphedema
fluid and prevent further progression of the lymphedema disease process. By reducing
the limb volume and inflammation, SAPL surgery makes conservative therapy, including
compression, easier and more effective. Some patients find that they can slightly reduce the
amount of compression needed to maintain their new reduced postoperative volume. How-
ever, unlike LVA surgery, SAPL surgery does not improve drainage directly and patients
must continue to employ postoperative compression to prevent lymph reaccumulation.

When performed correctly by a trained and experienced surgeon, SAPL surgery has
long been known not to further damage the already decreased lymphatic function in the
affected limb. In fact, we find that the reduction in inflammation allows the underlying
lymphatics to recover to varying degrees, which is seen in follow-up imaging such as
ICG mapping [79,80]. At our Center, we have seen no instances of recurrence or the
reaccumulation of stage 2 lymphedema solids in patients who have followed the proper
postoperative compression protocols. This is similar to results seen by Brorson and others
at their centers [72,81].

SAPL surgery is not a cosmetic surgery and must not be confused with cosmetic lipo-
suction, which uses different equipment and techniques. Prior to the surgeries described
by Brorson, liposuction-type procedures had been described with limited results [82–85].
Pathologic lymphedema solids are much more inflamed, dense, and difficult to remove than
the fat aspirated in a cosmetic liposuction surgery. The severely compromised lymphatic
drainage systems in advanced-stage lymphedema patients do not allow for proper drainage
of postoperative swelling. As described previously, successful outcomes after SAPL surgery
require considerable complex and detailed postoperative care and follow including the
application of specialized compression bandaging, custom-fit flat-knit compression gar-
ments, and lymphedema therapy that differ greatly when compared to cosmetic procedures.
Without such extensive postoperative care, risks of incomplete or overaggressive treat-
ment, worsening of lymphedema swelling, and continued progression of disease otherwise
may result.

SAPL surgery may be performed successfully to treat patients with stage 2 lym-
phedema even after unsuccessful LVA or VLNT surgeries have been performed in patients
elsewhere. We find that patients with congenital lymphedema have successful SAPL
surgery outcomes similar to those of patients with secondary lymphedema [86,87].

8. Importance of Lymphedema Therapy for Surgical Outcomes

We feel that the best results from lymphedema surgery are achieved when the surgery
is performed as part of a comprehensive system with a team-centered approach. Lym-
phedema therapy and/or compression is a key component of such a system, ensures the
control of the excess fluid that accumulates at all stages of the lymphedema disease process,
and prevents the inflammation and continued progression of the disease.

We created the integrated treatment system, Functional Lymphatic Operations (FLO)
System, which combines lymphedema therapy performed by trained CLTs and individu-
alized VLNT, LVA, and SAPL surgery plans for patients. This is the first comprehensive
treatment system, to our knowledge, to integrate conservative therapy and contemporary
physiologic and reductive surgical techniques in order to specifically address the fluid
and solid components of lymphedema. Patient selection is a critical component for our
system, with only a small fraction of our prospective patients receiving a recommendation
for surgery. Each individual patient’s lymphedema pathology is evaluated by the treatment
team using the Fundamental Paradigm of Lymphedema Disease Progression to best select
patients for the appropriate conservative and surgical treatments as described previously.
We feel that morbidly obese patients have worse outcomes and first recommend weight
loss in such cases [17].

Since our system was first reported over a decade ago, we have continued to improve
our treatments and surgeries such that we achieve significant improvement in 99% of
patients within one year after surgery. Our expectation is that we can reduce the volume of
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the affected arm or leg of our patients to approximate the volume of an unaffected arm or
leg. Over the last 10 years, we have achieved average volume reductions of over 100% in
both arms and legs, with postop volumes within 10% of the unaffected limb in over 90% of
patients. In addition, almost all patients achieve significant improvements in symptoms
and reductions in infection rates and the need for therapy and compression [88]. Similar to
results found by other surgeons, we have also found that some of our patients also have
consistent long-term improvements in their mental capacities, well-being, and ability to
concentrate following lymphedema surgery [13,89,90].

9. Two-Phase Treatment Algorithms

Multiple descriptions of two-phase approaches to lymphedema surgery have ap-
peared in the medical literature. For patients with advanced stage 2 lymphedema, we first
treat the affected arm or leg with SAPL surgery. This normalizes limb volume, greatly
reduces inflammation, and allows healing to occur and lymphatic vessels to recover. The
treated arm or leg at this point typically looks similar to the unaffected side and, to the
untrained observer, may even have a normal appearance. The symptoms and function
greatly improve, as seen subjectively by patients and objectively on physical exams as
well as in data such as preop vs postop Lymphedema Life Impact Scale (LLIS) scores. The
incidence of cellulitis decreases significantly. After healing is complete, typically after one
year or more, and LVA and/or VLNT surgeries are then used to reduce the conservative
treatments needed to maintain the volume reduction long term (Figure 4). Since we first
described this two-stage treatment to effectively treat both the solid and fluid components
of lymphedema, [91,92], other authors have also found success with this type of staged
treatment [93,94] (Table 2).
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(B) After SAPL and subsequent staged VLNT surgery: excess volume reduction of approx. 105% (af-
fected arms slightly smaller than opposite side) and no garment required approx. 8–12 h each day [14].
Reproduced with permission from [14], published by Springer Nature B.V., 2022.
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Table 2. Lymphedema Life Impact Scale (LLIS), a validated instrument of physical, psychosocial, and
functional impairments caused by lymphedema. Average LLIS Calculated % Impairment [95].

Procedure Before Surgery After Surgery

Phase 1—SAPL Surgery 54% (28–100%) 28% (1–72%)

Phase 2—VLNT and LVA 28% (1–72%) 20% (1–49%)

We do not agree with other authors that a physiologic lymphedema surgery should
be performed for all patients first, and if not successful, additional volume reduction
surgery be performed later [96]. We have found that experienced providers are able to find
clear differentiation between patients with stage 1 lymphedema (only fluid excess) and
stage 2 lymphedema (excess lymphedema solids also present) in almost all patients. A
course of CDT performed by an experienced CLT will remove excess fluids present and
further aid in diagnosis for those few cases where differentiation between stages 1 and 2 is
in doubt.

10. Combined Physiologic Surgeries

The use of both VLNT and LVA to treat a patient has also been described elsewhere [59,97,98].
We have long used both VLNT and LVA surgeries in combination to treat patients and feel
that these procedures complement one another. Since both VLNT and LVA procedures
address the pathologic fluid accumulation in stage 1 lymphedema, both can be used during
the same surgery and do not require a staged approach (Figure 5). The indications for
combined VLNT and LVA surgeries are similar to those for the individual procedures when
used separately.
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11. Conclusions 
In conclusion, surgical techniques such as VLNT, LVA, and SAPL surgery have re-
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11. Conclusions

In conclusion, surgical techniques such as VLNT, LVA, and SAPL surgery have re-
peatedly been shown to be effective in the treatment of lymphedema by the medical
literature and are no longer considered to be experimental. As is the case with most types
of surgery, different surgeons employ various techniques to varying degrees of effect. A
comprehensive team-based treatment system with proper patient selection and integrated
lymphedema therapy can achieve significant reductions in inflammation, volume, and
infections, producing drastic improvements in symptoms, quality of life, and independence
from the needs of therapy and compression.
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