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Abstract Background Posttraumatic lymphedema develops more frequently than expected
and reports on its management are scarce in the literature. We aimed to report the
clinical outcomes of a case series of posttraumatic lymphedema patients treated with
different vascularized lymph node transfers (VLNTs).

Patients and Methods Five patients with secondary posttraumatic lower limb
lymphedema treated with VLNT were included in this report. The groin-VLNT
(n=1), supraclavicular-VLNT (n=2), and gastroepiploi¢VLNT (n=2) were imple-
mented. The average flap area was 69.8 cm?. Patients underwent postoperative
complex decompressive therapy for an average of 10.0 months.

Results The average mean circumference reduction rate was 24.4% (range, 10.2-
37.6%). Postsurgical reduction in the number of infection episodes per year was
observed in all patients. The mean follow-up was 34.2 months.

Conclusions VLNT is a promising surgical treatment for posttraumatic lymphedema
patients. In our report, VLNT has demonstrated to reduce the volume and number of
infections per year in posttraumatic lymphedema.
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Introduction

Wound healing consists of an early proinflammatory re-
sponse in early stages, followed by a proliferative and
remodeling phase. However, in some instances after exten-
sive trauma in which the integrity of soft tissue and bone is
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severely compromised, insufficient circulation, chronic
infections, and a long-lasting inflammatory state can halt
the normal progression of wound healing.’ In this setting,
the obstruction of lymphatic channels, a continuous inflam-
matory milieu, and abnormal scarring can cause persistent
lymphedema, which has been recognized in 20 to 25% of
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cases following traumatic bone fractures.! Due to irrevers-
ible alterations in the lymphatic system, obtaining optimal
results when restoring the physiologic lymphatic flow may
be problematic. Therefore, from an anatomophysiological
standpoint, a comprehensive reconstruction of the lymphat-
ic system may be necessary beyond solely restoring the flow
of lymphatic fluid.

Vascularized lymph node transfer (VLNT) is a microsurgi-
cal technique currently used to treat lymphedema in which
lymph nodes are transferred from a healthy donor site to an
affected lymphedematous limb.>* VLNT has demonstrated
positive outcomes, specifically when lymphatics are not
available for a lymphaticovenous anastomosis (LVA).” Addi-
tionally, it has shown to promote lymphangiogenesis, reduce
fibrosis, and decrease inflammatory markers.>*® Therefore,
VLNT may be considered as a potential microsurgical proce-
dure for patients who develop posttraumatic lymphedema.
Herein, we report the clinical outcomes of five patients with
posttraumatic lymphedema of the lower extremities who
underwent VLNT from diverse donor sites.

Patients and Methods

From July 2010 to July 2016, patients with posttraumatic
lower limb lymphedema were treated with VLNT at the
China Medical University Hospital. Diagnosis was based on
clinical evaluation, and lymphedema was classified accord-
ing to the International Society of Lymphology (ISL). Lym-
phoscintigraphy of the lower extremities with evidence of
dermal backflow and lymphatic obstruction confirmed the
diagnosis. All patients received initial complex decompres-
sive therapy (CDT). Five patients who did not show response
to CDT for at least 6 months and who had at least 2 years of
follow-up were included in our report. Demographic data
and clinical pre- and postoperative photographs were docu-
mented (~Fig. 1). The average age was 28.2 years (range, 27-
31). One patient needed skin coverage, and other two needed
external fixation of the lower limb after trauma. All patients
developed posttraumatic lower limb lymphedema after a car
accident. Three patients developed stage IIB lymphedema,
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while two developed lymphedema stage Il (=Table 1). Cir-
cumferences of the lymphedematous extremity and the
unaffected counterpart before and at 3, 6, 12 and 24 months
after VLNT were recorded. The anatomic landmarks used to
measure the circumference were the following: 10 cm below
the knee, 10cm above the ankle, and at the midfoot. To
calculate the circumference reduction rate, we used the
mean of the measured circumferences.”® We defined the
percentage of improvement as “reduction rate” comparing
the affected limb (AL) to the healthy limb (HL) as follows:
circumference reduction rate (%)= (1-[postoperative AL —
HL] x100 [pre — operative AL — HL]).

Surgical Technique
VLNT was performed as previously reported.” Antibiotics
were administered 1hour before surgery and continued
postoperatively for 3 days. The dorsalis pedis or the medial
plantar and their concomitant veins were used as recipient
vessels. The donor site for VLNT were the groin (n=1),
supraclavicular (n=2), and gastroepiploic regions (n=2).

When groin- or supraclavicular-VLNT were employed, the
skin paddle and a split-thickness skin graft (STSG) were
utilized to cover the defect. A skin island was designed
approximately 2 cm below the inguinal ligament and lateral
to the femoral artery for the groin-VLNT. The flap could be
based on the superficial circumflex iliac artery (SCIA), super-
ficial epigastric artery, medial branch of femoral artery, or
the reverse flow of the SCIA.? When the right supraclavicular
lymph node flap (LNF) was harvested, an incision was made
1.5 cm above the clavicle and a freestyle LNF was elevated
based on the transverse cervical artery (TCA).” The concomi-
tant veins were identified and included within the flap, while
the external jugular vein was also included to improve the
venous drainage.'®

The right gastroepiploic artery and vein were used for GE-
VLNT (=Fig. 2). The flap was harvested through an upper
midline laparotomy incision. The omentum was carefully
dissected out of the transverse colon, avoiding injuries to the
mesocolon. The left gastroepiploic vessels were then ligated
and divided. Dissection of the short segmental gastric

Fig.1 Posttraumatic lymphedema managed with a gastroepiploic-vascularized lymph node transfer (GE-VLNT). (A) 50 year-old male undergoing
simultaneous ALT and GE-VLNT; (B) Flap inset of the left lower limb; (C) Postoperative picture of the lower limbs at 1 year of follow-up. ALT,
anterolateral thigh; GE-VLNT, gastroepiploic-vascularized lymph node transfer.
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Table 1 Patients with lower limb posttraumatic lymphedema treated with VLNT
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Fig. 2 Gastroepiploicvascularized lymph node transfer (GE-VLNT)
preoperative markings.

branches allowed further release of the flap from the stom-
ach and permitted complete visualization of the gastro-
epiploic vessels (=Fig. 3). Dissection continued to the level
of the right epiploic vessels. The lymph nodes within the flap
cannot always be visualized, but they often can be palpated.
Indocyanine green lymphatic imaging may be performed to
confirm the vascularity of the lymph nodes included within
the flap.>”+? In one patient, the gastroepiploic-VLNT required
coverage with a STSG, while rotational skin flaps were
sufficient to cover the other patient’s flap.

Fig. 3 Intraoperative picture of the right gastroepiploic-vascularized
lymph node transfer (GE-VLNT).

Abbreviation: VLNT, vascularized lymph node transfer.
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Fig. 4 Postoperative improvement in the lymphatic drainage evi-
denced using lymphoscintigraphy. (A) preoperative; (B)
postoperative.

Postoperative Care

Patients were encouraged to keep the leg elevated, and deep
venous thrombosis prophylaxis was administered postoper-
atively. At 4 weeks postsurgery, once the VLNT healed and
viability was confirmed, all patients continued with CDT and
rehabilitation. All patients were evaluated through lympho-
scintigraphy at 1 and 2 years postoperative (~Fig. 4).

Results

The average duration of symptoms and preoperative CDT was
43.6 months (range, 26-62 months) and 8.2 months (range,
6-11 months), respectively. The average area of flaps was
69.8 cm? (range, 28-224 cm?). Only one patient did not need
a STSG to cover the VLNT. The average hospitalization dura-
tion was 13.2 days (range, 12-14 days). No postoperative
complications were reported. Postoperative CDT was per-
formed for 10.0 months (range, 5-15 months). The average
follow-up was 34.2 months (range, 30-36). The mean post-
operative circumference reduction was 24.4% (range, 10.2-
37.6%). All patients were able to ambulate postoperatively
and experienced a reduction in the number of infection
episodes per year, if reported preoperatively. Besides under-
going a GE-VLNT for a posttraumatic lymphedematous limb,
one patient underwent soft-tissue coverage of a nonlymphe-
dematous limb with an anterolateral thigh flap, reporting
symptomatic improvement of venous insufficiency (~Fig. 1).

Discussion

As described by Szczesny et al, alterations in the lymphatic
drainage have a main role in the incidence of posttraumatic
edema, as even with preservation of the superficial lymphatic
system, edema can occur in virtually all cases due to decreased
lymphatic flow and increased production of lymphatic
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fluid, secondary to inflammatory mechanisms and irritation
by heme-containing compounds.’?'" Alterations in the ve-
nous outflow were initially thought to be the main pathophys-
iologic mechanism; however, venous thromboembolism was
only recognized in 24% of the subjects developing posttrau-
matic edema.’? In these cases, lymphoscintigraphy gains an
important value during the evaluation of posttraumatic ede-
ma, in which an increase in lymphatic outflow and contrast in
lymph nodes, and extravasation of contrast into the skin can
confirm the diagnosis of lymphedema.'?

CDT is the first line of treatment for lymphedema. When
CDT does not result in successful outcomes, physiologic surgi-
cal options (LVA or VLNT) can be considered. LVA has been
previously applied in patients with posttraumatic lymphede-
ma. Olszewski et al reported circumference reduction rates of
30% to 40% in 770 lower limb postinflammatory/
posttraumatic lymphedema patients treated with LVA."? How-
ever, in cases in which nonfunctional lymphatic ducts may be
present, such as in trauma cases, VLNT may increase the
remission rate.'? In fact, VLNT has shown positive outcomes
in cases in which LVA cannot be performed, with satisfactory
circumference reduction rates.'*'> Ciudad et al described the
case of a 33-year-old man with posttraumatic lower limb
lymphedema treated with a GE-VLNT.'® The patient had a
circumference reduction rate of 36.5%, 32%, 21.4%, and 15.2%
above the knee, below the knee, above the ankle, and at the
foot, respectively, at 15 months of follow-up.'® In our report,
we found a lower mean circumference reduction of 24.4% at a
mean of 34 months of follow-up. Moreover, we identified that
three out of five patients with greater circumference reduction
rates also had longer periods of preoperative and postopera-
tive CDT. Indicating CDT is a crucial factor that may have
expediated an enhanced recovery by means of a synergic effect
with the physiologic surgical procedures in the setting of
trauma.

Localization of the lymphedema plays a fundamental role
in surgical outcomes.” Becker et al presented two cases of
posttraumatic lymphedema in the upper extremity treated
with VLNT. They reported complete lymphedema remission
after surgery.!” Conversely, we could not observe complete
lymphedema remission at 2 years of follow-up. These find-
ings were attributed to the impact of gravitational forces in
the lower limb, which makes it harder to accomplish a total
remission of lymphedema compared with upper extremity
lymphedema. Disease staging was another factor that influ-
enced our results, since we included patients with ISL stage
IIB or IIl. Therefore, as identified in previous reports, lower
circumference reduction rates were expected in comparison
to previous reports.’

In our experience, the GE-VLNT is preferred for most
cases due to the inexistent risk of iatrogenic lymphedema
and because of the abundant number of nodes, which
allows for a double inset by separating the flap. However,
we believe the use of supraclavicular and groin LNFs with a
skin paddle might be more beneficial to cover any traumatic
defect. It is also important to note that when performing a
VLNT, a skin paddle flap can favor the reestablishment of
the lymphatic drainage through an additional angiogenic
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network of the afferent lymphatic vessels, from the dermis
of the flap’s skin paddle, and the recipient lymphatic ducts.
Moreover, this can also favor the development of new
lymphatic vessels through the process of lymphangiogene-
sis on the long-term. Furthermore, we observed that the
number of skin infections per year decreased after surgery
for all patients who had infections preoperatively, in accor-
dance with previous reports in which VLNT decreased the
frequency of infections in patients with posttraumatic
lymphedema.'®

To our knowledge, this is the first report that describes
the use of multiple donor sites for VLNT to treat posttrau-
matic lymphedema. Our findings suggest VLNT could be
potentially considered at approximately 6 months after
unsuccessful CDT, as it will reduce volume and number of
infections in posttraumatic lymphedema. An early diagnosis
of posttraumatic lymphedema can prevent worsening of the
disease and improve surgical outcomes and prognosis.
Further studies need to evaluate and compare surgical
outcomes with other causes of secondary lymphedema
treated with VLNT to evaluate its efficacy. Despite the
positive outcomes shown by VLNT, lymphedema can still
recur, especially in more advanced stages of disease as
previously reported.'® Certainly, donor site selection for
VLNT based on the availability, recipient location, morbidi-
ty, preference of the patient, and surgeon’s comfort and
experience may also improve outcomes for this complex
and underreported entity.

Conclusions

VLNT is a feasible option for posttraumatic lymphedema
management when CDT does not improve lymphatic drain-
age. From a pathophysiologic viewpoint, VLNT has shown to
be beneficial in reducing limb volume and number of infec-
tions per year in patients with posttraumatic lymphedema
due to its pumping mechanism, lymphangiogenic capacity,
and antioxidative potential.
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