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Summary: The vascularized omental free flap has been described as a reliable op-
tion for the treatment of peripheral lymphedema. However, the flap has been as-
sociated with venous hypertension which may require venous supercharging or
intra-flap arteriovenous fistula creation to offload the arterial inflow. The aim of
this study is to introduce and present our experience using a flow-through omental
flap as a novel approach to optimize flap hemodynamics. A retrospective review of
a prospectively maintained quality improvement database was performed. Seven
consecutive patients with unilateral breast cancerrelated lymphedema (BCRL)
who underwent delayed lymphatic reconstruction using a flow-through omental
free flap were identified. In all patients, the right gastroepiploic artery and vein
were anastomosed to the proximal end of the radial artery and to one venae co-
mitante, respectively. An anastomosis of the distal end of the radial artery to the
left gastroepiploic artery was performed. The flap was then supercharged by anas-
tomosing the left gastroepiploic vein to the cephalic or basilic vein. There were
no flap losses or other surgical complications. A distinct advantage of this inset
includes the ability to moderate the arterial in-flow to the omental flap to avoid
an inflow-outflow mismatch and alleviate venous hypertension. Further study is
needed to validate this technique in a larger study sample with longer follow-up.
(Plast Reconstr Surg Glob Open 2019;7:¢2436; doi: 10.1097/GOX.0000000000002436,
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Vascularized lymph node transfer (VLNT) has
emerged as a promising surgical approach for the treat-
ment of chronic lymphedema (LE), associated with both
quantitative and subjective improvements.! However,
there remain concerns regarding its potential to cause
donorssite LE, which has been described in 1.3%-23.1%
of patients.>” The use of the omentum for VLNT has in-
creased in popularity due to its angiogenic and immuno-
logic properties.! Further, it has no risk of donor-site LE.”
However, a remaining concern with the omental flap is its
association with intra-flap venous hypertension.
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A single arterial and venous anastomosis for the omen-
tal flap has been reported to increase the risk of venous
hypertension.® To relieve venous congestion, techniques
such as venous supercharging or the creation of an intra-
flap arteriovenous fistula have been proposed.*® However,
technical modifications to facilitate an optimal pressure
gradient to maintain adequate lymph perfusion have not
been determined.

The addition of a distal arterial anastomosis has the po-
tential to offload potential venous congestion by creating
a better arteriovenous flap gradient. In this paper, we aim
to propose a novel surgical technique to decrease venous
hypertension and describe our initial experience using
the omentum as a flow-through flap for the treatment of
patients with chronic breast cancer-related lymphedema
(BCRL).

A retrospective review of a prospectively main-
tained quality improvement database was performed.
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Fig. 1. Intraoperative image illustrating flow-through omental flow
insetting.

Institutional Review Board approval was obtained. Con-
secutive patients with unilateral BCRL who underwent a
flow-through omental free flap were identified. Patient
characteristics, intraoperative specifics, and postoperative
outcomes, including quality of life metrics, were retrieved.

Preoperative Considerations

The selection of the recipient location was determined
by physical exam and preoperative imaging. Allen testing
was performed preoperatively and a positive test or a his-
tory of damage to the vascular arch would be a relative
contraindication to the arterial inset described below. In
this scenario, the surgeon can consider an alternate site
for flap inset or an end-to-side configuration.

Surgical Technique

The omental flap was harvested in collaboration with
general surgery (J.F.C). The abdomen was accessed using
an 8-cm supraumbilical incision and dissection to the
omentum was performed. The lesser sac was then entered
and the omentum was exposed and dissected away from
the transverse mesocolon. A radiologist (L.L.T.) used in-
traoperative ultrasound (IOUS) to identify and quantify
lymph nodes as previously described.” The omentum was
harvested and the proximal and distal gastroepiploic ves-
sels were identified.

The forearm was simultaneously prepared for flap in-
set using a 10-cm curvilinear incision fashioned over the
course of the radial artery and venae comitantes. Dissec-
tion proceeded through the superficial soft tissue with
care, preserving the superficial sensory nerves. The bra-
chioradialis was reflected to expose the radial vessels. The
right gastroepiploic artery and vein were anastomosed to
the proximal end of the radial artery and to 1 venae comi-
tante, respectively. The distal end of the radial artery was
anastomosed to the left gastroepiploic artery. The flap was
then supercharged by anastomosing the left gastroepiplo-
ic vein to the cephalic vein (Fig. 1). To improve potential
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lymphangiogenesis, deep fat and muscle fascia from the
radial and ulnar aspects of the forearm were removed.* All
patients were closed primarily in a layered fashion after
flap inset and confirmation of patency. A transcutaneous
doppler was used for postoperative flap monitoring (see
Video 1 [online], for a schematic illustration of surgical
technique).

Seven consecutive patients with unilateral BCRL un-
derwent a flow-through free omental flap to the forearm
by a single surgeon (D.S.) from January 2018 to April
2019 (Table 1). All patients were females with a mean age
of 56.9 years (41-73) and body mass index of 27.8kg/
m?(24.4-32.3). All were classified with stage II LE by certi-
fied LE therapists using the International Lymphedema
Staging criteria. Mean flap weight was 25.7g (16-40) and
mean number of lymph nodes transferred detected by
IOUS was 7.3 (6-11). The mean length of the omental
flap was 12cm (9-14) and mean width of 3cm (3-4). Mean
tissue weight debulked was 22g (12-34). The mean dif-
ference between the flap weight and the debulked tissue
was 3.6g and ranged from -12 to 14g. Mean coupler size
for the left gastroepiploic vein was 2.3 mm (2-2.5), while
the right gastroepiploic vein was 3mm (2-3) (Table 2).
Postoperative outcomes for patients with a minimum of
3 months of follow-up demonstrated significant improve-
ment in lymphedema quality of life (LYMQOL) domains
with mean percent increases of 25% (mood), 23% (symp-
toms), 33% (function), and 30% (appearance). The qual-
ity of life domain score increased by a mean of 27%.

Mean follow-up time was 7.9 months (1-14) (Table 2).
The mean excess volume reduction was 22.7%. When
examining patients with a minimum of 6-month follow-
up, the mean excess volume reduction was 41.3%. Mean
decrease in L-dex value was 8.6 units (n = 6 patients)
(Table 2). Pre- and postoperative images for a patient un-
dergoing VLNT are provided (see figure, Supplemental
Digital Content 1, which displays preoperative and post-
operative images for a patient undergoing flow-through
VLNT, http://links.Jlww.com/PRSGO/B222).

The intraoperative technique illustrating gradual ar-
terial perfusion and a low-flow venous pressure system is
provided [see Video 2 [online], which displays intraopera-
tive video illustrating flow-through omental flap; yellow
arrow indicates the region of the proximal anastomoses
(proximal radial artery and associated venae comitantes
to the gastroepiploic system) and the blue arrow indicates
the supercharged venous anastomotic site (basilic vein to
the left gastroepiploic vein). The red asterisks indicate
lymph nodes identified through IOUS. The dashed blue
line indicates the low flow through that can be seen in the
vein.] Doppler signal confirmed excellent flow in all pa-
tients. There were no perioperative or postoperative com-
plications reported including venous congestion or flap
failure. An IOUS demonstrating intraoperative venous pa-
tency using spectral Doppler can be seen in Figure 2. All
flow-through omental flaps were soft on clinical exam in
both initial and latest follow-up. An example of a postop-
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Table 1. Patient Characteristics and Surgical Specifics

Coupler Coupler
Lymph Additional; size—left size—right

Flap Flap nodes debulked gastroepi- gastroepi- Length
Age BMI dimensions weight detected by tissue ploic vein ploic vein of stay
Patient ID (y) (kg/m?) Diagnosis Prior surgical treatment (cm) (g) I0US weight (g)  (mm) (mm) (d)
1 73 25.1 R.BCRL Lumpectomy/ALND/ 14x3 22 6 34 2.0 2.0 6
XRT*/chemotherapy
2 68 299 L.BCRL Mastectomy/ALND/XRT/ 15%x3 40 11 26 2.0 2.5 5
chemotherapy
3 51 32.3 R.BCRL Lumpectomy/ALND/ 14x3 24 7 28 2.5 2.0 4
XRT/chemotherapy
4 65 31.0 R.BCRL Mastectomy/ALND/XRT/ 9x4 32 6 22 2.5 2.5 3
chemotherapy
5 41 25.8 L.BCRL Mastectomy/ALND/XRT/ 11x3 32 8 20 2.5 2.0 4
chemotherapy
6 47 244 R BCRL Lumpectomy/ALND/ 12x3 16 6 12 2.0 3.0 4
XRT/chemotherapy
7 53  26.3 L.BCRL Mastectomy/ALND/XRT/ 10x3 14 7 13 2.5 2.0 3
chemotherapy
*Adjuvant radiation.
BMI, body mass index; ALND, axillary lymph node dissection; XRT, radiation treatment.
Table 2. Patient Quantitative Limb Measurement Changes
Excess volume Excess volume Change in excess L-Dex L-Dex Change in Follow-up
Patient ID (preoperative) (postoperative) volume (%) (preoperative) (postoperative) L-Dex (units) (mo)
1 262 65 -76.3 12.8 6.7 -6.1 5
2 574 366 -36.24 30.9 14.9 -16 12
3 1,149 775 -32.55 55.9 36.5 -19.4 11
4 300 287 -4.53 7.8 5.9 -1.9 14
5 368 157 -57.3 27.5 18.2 -9.3 9
6 201 230 +14.3 8.1 NA NA 3
7 562 774 +33.7 24.7 25.8 +1.1 1
Mean 488 379.1 -22.7 25.9 18 -8.6 7.8

Fig. 2. Intraoperative US evaluation of the supercharged basilic vein
following transplantation. The imaging depth is 2.1 cm. The vein (¥) lies
at the surface. Posterior shadowing (arrowheads) is caused by the cou-
pler anastomosis (A). Venous patency is demonstrated using spectral
Doppler (bottom). Low pressure flow in the basilic vein is demonstrat-
ed with augmentation (arrow) via gentle compression from the flap.

erative magnetic resonance angiography (MRA) illustrat-
ing the flap vasculature and lymph nodes is demonstrated
in Figure 3. See Supplemental Digital Content 2 for our
institutional postoperative therapy regimen. (See figure,
Supplemental Digital Content 2, which displays postop-
erative therapy regimen for patients undergoing VLNT,
http://links.lww.com/PRSGO/B223.)

In this study, we present a novel surgical approach us-
ing a flow-through omental flap for the treatment of BCRL
and review our surgical experience. Specifically, we believe
this approach optimizes arterial dynamics by decreasing
flap inflow to minimize venous hypertension while preserv-
ing physiologic perfusion to the distal extremity.

While the capillary networks of traditional free tissue
transfers (eg, rectus abdominus muscle) are quite ex-
tensive, allowing for equilibration of inflow and outflow
mismatches, lymph node free tissue transfers are primar-
ily composed of lymph nodes and fat with less defined
capillary networks. Thus, given the cascade anatomy, an
optimal relationship between inflow and outflow is para-
mount. In prior studies, an end-to-side anastomosis of free
tissue in patients with peripheral vascular disease resulted
in a steal phenomenon.” That is, arterial inflow to the
transferred tissue was significant enough to result in de-
creased peripheral flow to the extremity. A porcine study
of the omental flow-through flap demonstrated that flow
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Fig. 3. Postoperative MRA imaging of an operative extremity after
flap inset. The blue arrow reflects the location of the cephalic vein.
The red arrows correspond to the arterial anastomoses. The asterisk
(*) denotes lymph nodes.

dynamics were unchanged at the distal arterial anastomo-
sis” even when the omental flap was clamped.'’ Thus, in a
flow-through configuration, the arterial inflow to the flap
is significantly less than in an end-to-side configuration.
In the setting of a lymph node transplantation, we
believe the omental flap flow-through configuration has
the capacity to autoregulate arterial inflow to the lymph
nodes minimizing the risk of venous hypertension. This
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theory is consistent with previous studies which have
provided evidence for the hemodynamic benefits of the
flow-through flap to offset venous congestion.'""

The flow-through omental free flap to the forearm
may be considered as a reliable surgical option for pa-
tients with BCRL. Further study is needed to validate this
novel technique and clinical efficacy in a patient popula-
tion with longer follow-up.

Dhruv Singhal, MD

Division of Plastic and Reconstructive Surgery
Beth Israel Deaconess Medical Center
Harvard Medical School

110 Francis St, Suite bA

Boston, MA 02215
dsinghal@bidmc.harvard.edu

1. Basta MN, Gao LL, Wu LC. Operative treatment of peripheral
lymphedema: a systematic meta-analysis of the efficacy and safety
of lymphovenous microsurgery and tissue transplantation. Plast
Reconstr Surg. 2014;133:905-913.

2. Vignes S, Blanchard M, Yannoutsos A, et al. Complications of
autologous lymph-node transplantation for limb lymphoedema.
Fur [ Vasc Endovasc Surg. 2013;45:516-520.

3. Demiri E, Dionyssiou D, Tsimponis A, et al. Donorsite lymph-
edema following lymph node transfer for breast cancer-related
lymphedema: a systematic review of the literature. Lymphat Res
Biol. 2018;16:2-8.

4. Nguyen AT, Suami H, Hanasono MM, et al. Long-term outcomes
of the minimally invasive free vascularized omental lymphatic
flap for the treatment of lymphedema. J Surg Oncol. 2017;115:
84-89.

5. Nguyen AT, Suami H. Laparoscopic free omental lymphatic
flap for the treatment of lymphedema. Plast Reconstr Surg.
2015;136:114-118.

6. Dayan JH, Voineskos S, Verma R, et al. Managing venous hyper-
tension in vascularized omentum lymphatic transplant: restor-
ing bidirectional venous drainage. Plast Reconstr Surg. 2018;141:
326e-327e.

7. Tran BNN, Celestin AR, Lee BT, et al. Quantifying lymph nodes
during lymph node transplantation: the role of intraoperative
ultrasound. Ann Plast Surg. 2018;81:675-678.

8. Sonntag BV, Murphy RX Jr, Chernofsky MA, et al. Microvascular
steal phenomenon in lower extremity reconstruction. Ann Plast
Surg. 1995;34:336-339; discussion 339.

9. Settembre N, Malikov S. Omental flow-through flap: experimen-
tal hemodynamic study. Ann Vasc Surg. 2016;36:244-251.

10. Malikov S, Rolland PH, Magnan PE, et al. The haemodynamics
of the distal arterial Y-shaped autograft bypass-flap in a porcine
experimental model. Eur | Vasc Endovasc Surg. 2009;37:77-84.


mailto:dsinghal@bidmc.harvard.edu?subject=
https://doi.org/10.1097/PRS.0000000000000010
https://doi.org/10.1097/PRS.0000000000000010
https://doi.org/10.1097/PRS.0000000000000010
https://doi.org/10.1097/PRS.0000000000000010
https://doi.org/10.1016/j.ejvs.2012.11.026
https://doi.org/10.1016/j.ejvs.2012.11.026
https://doi.org/10.1016/j.ejvs.2012.11.026
https://doi.org/10.1089/lrb.2017.0043
https://doi.org/10.1089/lrb.2017.0043
https://doi.org/10.1089/lrb.2017.0043
https://doi.org/10.1089/lrb.2017.0043
https://doi.org/10.1002/jso.24379
https://doi.org/10.1002/jso.24379
https://doi.org/10.1002/jso.24379
https://doi.org/10.1002/jso.24379
https://doi.org/10.1097/PRS.0000000000001374
https://doi.org/10.1097/PRS.0000000000001374
https://doi.org/10.1097/PRS.0000000000001374
https://doi.org/10.1097/PRS.0000000000004092
https://doi.org/10.1097/PRS.0000000000004092
https://doi.org/10.1097/PRS.0000000000004092
https://doi.org/10.1097/PRS.0000000000004092
https://doi.org/10.1097/SAP.0000000000001571
https://doi.org/10.1097/SAP.0000000000001571
https://doi.org/10.1097/SAP.0000000000001571
https://doi.org/10.1097/00000637-199503000-00020
https://doi.org/10.1097/00000637-199503000-00020
https://doi.org/10.1097/00000637-199503000-00020
https://doi.org/10.1016/j.avsg.2016.02.013
https://doi.org/10.1016/j.avsg.2016.02.013
https://doi.org/10.1016/j.ejvs.2008.09.006
https://doi.org/10.1016/j.ejvs.2008.09.006
https://doi.org/10.1016/j.ejvs.2008.09.006

	﻿﻿﻿INTRODUCTION
	﻿﻿METHODS
	﻿﻿Preoperative Considerations
	﻿﻿Surgical Technique

	﻿﻿RESULTS
	﻿﻿DISCUSSION

