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ABSTRACT

Introduction Scarring and volume reduction of the axillary

space resulting in persistent lymphedema is a side effect of

axillary treatment in breast cancer patients. The aim of this

paper is to describe the reduction of lymphedema achieved

with a turnover flap.

Materials and Methods Between October 2016 and May

2018, five patients with grade 2 lymphedema following breast

cancer therapy underwent reconstructive surgery with a turn-

over flap. Complete excision of the symptomatic axillary scar

tissue followed by re-augmentation using a turnover flap was

performed. Subsequently, all patients underwent breast re-

construction using a distant flap reconnected to the thoraco-

dorsal vessels. The circumference of both arms, quality of life

and pain were measured before and after surgery.

Results An average reduction in pain in the ipsilateral arm

from 6 to 1 on the numerical scale as well as an improvement

in quality of life (2.8 vs. 7.0) was observed. A decrease in

lymphedema especially in the upper arm was identified. No

complications such as secondary bleeding, infections or flap

loss were observed.

Conclusion Complete removal of the axillary scar tissue after

breast cancer treatment and re-augmentation of the axilla

with a turnover flap results in a reduction in ipsilateral lymph-

edema and an improvement in pain and quality of life. We in-

terpret these findings as a result of the physiological re-align-

ment of the lymphatic vessels combined with a lymph node-

containing local transposition flap. Therefore, re-augmenta-

tion with a turnover flap could be an effective non-microsur-

gical alternative to lymph node transplantation.
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ZUSAMMENFASSUNG

Einleitung Vernarbungen und die Reduzierung des Volu-

mens im Achselbereich können zu einem anhaltenden Lymph-

ödem führen und zählen zu den häufigsten Nebenwirkungen

nach einer Brustkrebstherapie im Achselbereich. Es wird hier

eine Technik zur Reduzierung von Lymphödemen mithilfe

eines Rotationslappens vorgestellt.

Material und Methoden Zwischen Oktober 2016 und Mai

2018 haben 5 Patientinnen mit einem Stadium-2-Lymphödem

infolge früherer Brustkrebstherapien sich einer operativen Re-

konstruktion mit Rotationslappenplastik unterzogen. In einem

ersten Schritt wurde das symptomatische Narbengewebe im

Achselbereich vollständig herausgeschnitten. Hiernach er-

folgt eine Wiederherstellung des Volumens im Achselbereich

mithilfe eines Wendelappens. Danach wurde bei allen Patien-

tinnen eine Brustrekonstruktion mit einem mit den thorako-

dorsalen Gefäßen verbundenen Fernlappen durchgeführt.

Der Umfang beider Arme, die Lebensqualität und die Schmer-

zen wurden vor und nach der Operation gemessen.

Ergebnisse Im Durchschnitt sanken die Schmerzen im ipsi-

lateralen Arm von 6 auf 1 auf der numerischen Schmerzskala,

und die Lebensqualität verbesserte sich merklich (2,8 vs. 7,0).

Das Lymphödem wurde deutlich kleiner, vor allem im Ober-

arm. Komplikationen, wie z. B. sekundäre Blutungen, Infektio-

nen oder Lappenverlust, sind nicht aufgetreten.

Schlussfolgerung Eine vollständige Entfernung der nach

Brustkrebsbehandlungen entstandenen Vernarbungen im

Achselbereich und eine Wiederherstellung des Achselbereich-

volumens mithilfe eines Wendelappens führte zu einer Min-

derung des ipsilateralen Lymphödems und zu einer Verbes-

serung der Schmerzen und der Lebensqualität. Wir deuten

dieses Outcome als Ergebnis der physiologischen Ausrichtung

der Lymphgefäße mit einem in einem Transpositionslappen

enthaltenen Lymphknoten. Eine Wiederherstellung des Volu-

mens im Achselbereich mithilfe eines Wendelappens könnten

eine wirksame Alternative zur Lymphknotentransplantation

darstellen.

Humerus

Axillary

space

Axillary artery

Axillary vein

Kinking

Rib

Lymphatic

vessel

Rib

▶ Fig. 1 Schematic figure of lymph vessel kinking due to the poorly
developed tunica media as a result of scar tissue development fol-
lowing axillary clearance.
Introduction
Lymphedema of the upper limb is one of the main complications
after surgical treatment and radiotherapy of breast cancer [1].
Clinical experience and current studies show that of 69000 pri-
mary breast cancer patients per year in Germany, the incidence of
patients with lymphedema who require treatment is 16.6%, thus
equating to approximately 11500 patients [2]. This disorder in
lymphatic drainage can result in a significant reduction in quality
of life and is caused mainly by surgical lymphadenectomy and/or
radiotherapy [2,3]. The incidence of lymphedema 12–24 months
after breast cancer treatment with axillary lymph node removal is
19.9% [2]. Patients who have undergone axillary dissection and ra-
diation are even more likely to develop lymphedema [3–5]. The
estimated risk of breast cancer-related lymphedema has been re-
duced to 6–10% following the introduction of sentinel lymph node
biopsy [7]. However, complications can arise not only due to treat-
ment-related risk factors, but also due to patient-related factors,
such as obesity and hypertension [5,6,8,9]. Left untreated,
lymphedema often results in disease progression with increasing
symptoms. As reconstructive surgery is the first-line surgical ther-
apy in most patients, there have been numerous advances, espe-
cially in this area. Baumeister performed the first microsurgical
lymph vessel transplantation in 1981 [10]. The first report on free
lymph node transplantation appeared in 2000 in a publication by
Corinne Becker [11]. The current German guideline favors lymph
vessel reconstruction in patients with progressive disease in whom
the conservative therapeutic options have been exhausted [12].

Based on experience with more than 2000 breast reconstruc-
tions using a free flap technique with the anastomosis performed
at the thoracodorsal vessels, we observed an astonishing effect in
the ipsilateral upper limbs. Many patients reported a reduction in
the ipsilateral lymphedema. The same effect was observed with
scar tissue removal for the treatment of symptomatic axillary
scarring after breast cancer surgery or radiotherapy. Here, we
Marx M et al. Re-augmentation of the… Geburtsh Frauenheilk 2020; 80: 526–531
augmented the resulting space with a local flap in an attempt to
avoid recurrent scarring. Consequently, complete excision of the
scar tissue combined with re-augmentation had an effect which
we interpret as a result of the re-alignment of the persistently
kinked lymphatic vessels (▶ Fig. 1) and the use of a lymph node-
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containing local flap (turnover flap). The aim of this paper is to de-
scribe this surgical technique and the observed reduction in
symptomatic lymphedema following the complete removal of ax-
illary scar tissue and re-augmentation with a local turnover flap in
five representative cases.
Materials and Methods
This retrospective analysis involves five patients who underwent
breast reconstruction combined with complete scar tissue exci-
sion and re-augmentation of the axilla using a turnover flap
(▶ Table 1) after breast cancer treatment and persistent lymph-
edema grade 2 following conservative treatment. All data in this
▶ Table 1 Summary of demographic data of our five patients as well as eva

Patient 1 2

Age 59 50

BMI (kg/m2) 24.7 36.5

Lymphedema grade Grade 2 Grade 2

Previous treatment Mastectomy and
axillary dissection

Mastectom
axillary diss

Date of first diagnosis 01/2008 11/2012

TNM-Staging pT3 pN0
(0/21 LK)
M0 L1 G3 R1

pT2 pN1a
(2/20 LK)
M0 V0 L1 G

Receptor status ER: IRS = 12

PR: IRS = 4

Her-2/neu:
negative

ER: IRS = 12

PR: IRS = 12

Her-2/neu:
negative

Systemic therapy Adjuvant (3×
FEC, 3× docetax-
el), endocrine
therapy: tamoxi-
fen

Adjuvant
(6× TAC), e
crine therap
tamoxifen

Radiotherapy Thoracic wall and
axilla + supracla-
vicular (68,4 Gy)

Thoracic wa
axilla (50,4

Date of turn-over flap 05/2016 08/2016

Pain score (NAS0–10) Pre-op.  8  5

Post-op.  1  0

Lymphedema
treatment

Pre-op. Yes Yes

Post-op. No limited tim

LYMQOL-score Pre-op. 63 64

Post-op. 49 41

Quality of life (0 = very
poor to 10 = very good)

Pre-op.  2  3

Post op.  7  8

LYMQOL-Score: the four domains are: function (Q1–3), appearance (Q4–8), sym
Each item score ranges from 1 (not at all) to 4 (a lot).

BCT: breast conserving therapy, SSM: Skin sparingmastectomy, ER: Estrogen rec
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retrospective analysis were anonymized. The local ethics commit-
tee was informed about the retrospective analysis. All patients
provided written consent. Prior to surgery, the patients had gone
through at least six months of conservative treatment, which led
to either no improvement or even to progression of lymphedema.
In addition to re-augmentation of the axilla with a turnover flap,
we planned breast reconstruction using a free perforator flap. Pa-
tients were photodocumented pre- and postoperatively (▶ Fig. 2),
standardized circumferential measurements of both arms were
carried out, and patients answered a validated questionnaire on
quality of life for lymphedema (LYMQOL) [13]. Scoring was based
on 20 questions in 4 domains: function (Q1–3), appearance (Q4–
8), symptoms (Q9–14), and mood (Q15–20). Each item score
luation of pre- and postoperative pain and quality of life.

3 4 5

43 59 48

25.9 31.8 24.22

Grade 2 Grade 2 Grade 2

y and
ection

SSM and sec.
axillary dissection

BCT and axillary
dissection, SSM
(recurrence
disease)

SSM and axillary
dissection

08/2014 1992

09/2015

11/2013

2 R0

ypT0 ypN1a
(1/7 LK)
cM0 yL0 yV0
G3 R0

pT2 pN0
(0/8 LK) M0,
rpT1b pN0 (0/4)
M0 L0 V0 G2 R0

pT1c pN2
(6/10 LK)
M0 V0 L1 G2 R0

ER: IRS = 6

PR: IRS = 9

Her-2/neu:
positive

ER: IRS = 2

PR: IRS = 0

Her-2/neu:
negative

ER: IRS = 9

PR: IRS = 6

Her-2/neu:
negative

ndo-
y:

Neoadjuvant
(3× FEC, 3× do-
cetaxel) and
trastuzumab,
endocrine ther-
apy: tamoxifen

Adjuvant (4× EC,
12× Taxol),
endocrine ther-
apy: tamoxifen

Adjuvant (4× EC,
12× Taxol),
endocrine ther-
apy: tamoxifen

ll and
Gy)

Thoracic wall and
axilla

whole-breast
irradiation with
boost

Thoracic wall and
axilla + supracla-
vicular (50,4 Gy)

11/2016 09/2017 11/2017

 8  2  7

 3  1  0

Yes Yes Yes

e only limited time only No No

74 47 48

64 44 30

 2  3  4

 5  7  8

ptoms (Q9–14) and mood (Q15–20).

eptor, PR: Progesteron receptor
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▶ Fig. 2 Preoperative site. ▶ Fig. 4 Surgical site 6 weeks postoperatively.
ranged from 1 (not at all) to 4 (a lot). Pain history was docu-
mented using a numerical rating scale from 0 (no pain) to 10
(strongest pain). A follow-up took place at week 1 and 6 as well
as 6 months postoperatively. Measurements were always taken
at the same time of day (2-hour range) to avoid daytime variations
in the lymphedema.
▶ Fig. 3 Incised turnover flap before transposition into the axillary
region for re-augmentation of the volume deficit following scar tis-
sue excision.

Marx M et al. Re-augmentation of the… Geburtsh Frauenheilk 2020; 80: 526–531
Surgical Technique
The main strategy of this technique is the complete excision of
scar tissue in the axilla resulting from previous surgery and radio-
therapy. Once the compromising scar tissue has been removed in
full, an axillary volume deficit arises. The thoracodorsal and thora-
colateral vascular structures and nerves are fully visualized during
the preparation and serve to connect the perforator flap. Intra-
operative ultrasound (12MHz, B-mode and color Doppler) and
surgical loupes are used to visualize the lateral thoracic artery
and vein with adherent lymph node-containing fatty tissue distal
to the axillary vein on the lateral margin of the pectoralis major
muscle. The size of the lymph node-fat conglomerate should be
such that it fills the existing volume deficit (▶ Fig. 3). The adipofas-
cial island flap is then incised distally together with the fascia of
the serratus anterior muscle. After clip occlusion of the vessels dis-
tal to the turnover flap, the lymph node-fat conglomerate is ro-
tated to the axillary vein through the space created by the scar tis-
sue excision. This results in compensation of the previously in-
curred tissue loss by adequately vascularized lymphatic and adi-
pose tissue. Autologous breast reconstruction was subsequently
performed using a deep inferior epigastric perforator flap
(▶ Fig. 4).
Results
A turnover flap procedure with a full follow-up was performed in
five patients (▶ Table 1).

All patients were diagnosed preoperatively with second-degree
lymphedema, with painful movement restrictions caused by an in-
crease in the circumference of the affected arm and a consequently
529
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▶ Fig. 5 Lymphatic perfusion after preoperative injection of indo-
cyanine green using an infrared camera.
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reduced quality of life. All patients had gone through at least
6 months of conservative treatment prior to the surgery, but the
symptoms continued to progress. Complete measurements and
questionnaires were available from three patients. ▶ Fig. 5 demon-
strates the presence of lymphatic tissue and perfusion visualized
through a preoperative injection of indocyanine green in the lateral
thoracic wall and the patientʼs hand using an infrared camera.

Pain

Prior to the surgery, the patients reported an average pain level of
6 (2–8) on a numerical analogue scale. Six weeks after the surgical
procedure, a reduction in pain in the affected limb was reported in
all patients. On average, the pain score was 1 (0–3), while two pa-
tients reported being completely pain-free.

Conservative treatment

Six weeks after the procedure, three of the five patients needed
no further conservative treatment for lymphedema. The other
two patients were able to extend the interval between their con-
servative treatment sessions. None of the patients had to wear a
compression sleeve.

Circumference of the ipsilateral arm

Measurements of the arm were performed at the wrist, the cubital
fossa as well as 5 cm proximally and distally of the elbow and the
upper arm near the axilla. The greatest circumferential reduction
of lymphedema after 6 weeks was observed in the upper arm with
an average reduction of 3.57 vs. 1.1 cm in the contralateral arm,
followed by the site 5 cm proximally of the cubital fossa (1.1 vs.
1.5 cm) and the wrist (1.0 vs. 0.6 cm).

Quality of life

Postoperatively, the overall quality of life improved by 4.2 points
(2.8 vs. 7) on a numerical analogue scale.

The LYMQOL questionnaire also describes an improvement in
lymphedema associated with quality of life. On average, the pre-
operative score in our patients was 59.2 (47–74). Postoperatively,
the average pain score was reduced by 13.6 points to 45.6 (30–
64), thus equating an improvement in quality of life.
Discussion
Lymphedema of the upper limb following axillary dissection with
or without radiotherapy is a well-known complication in breast
cancer patients [14]. If conservative treatment fails, surgical ther-
apy is an option for these patients. According to the International
Society of Lymphology surgical procedures provide the closest
chance for a cure of lymph flow disorders [15]. Options with good
long-term results are lymphatic-venous anastomoses (LVA) and
vascularized lymph node transplantation (VLNT) [16]. LVA is the
most common procedure and aims to bypass the obstructed area
by creating multiple anastomoses between lymphatic and venous
vessels to divert lymph fluid into the venous system distal to the
obstruction. Due to the pressure gradient, congested fluid is
drawn through the anastomosis. The efficacy of this technique
has been demonstrated only in early-stage lymphedema, because
tissue fibrosis in more advanced stages results in dysfunctional
530
lymphatic vessels [18]. Vascularized lymph node transplantation
(VLNT) is another microsurgical technique [17]. The most com-
mon donor sites are the contralateral axilla and the inguinal nodal
basin. Few studies have tried to implement novel donor sites
which have yet to be established, such as the submental, greater
omentum or epiploic nodal basin [19–21]. In this regard, long-
term outcomes for VLNT are lacking. Furthermore, lymph node
transplantation and lymphatic venous anastomosis are complex
procedures with a steep learning curve. They require not only mi-
crosurgical skills but also knowledge in lymphology and the ability
to use the appropriate imaging tools [15]. Donor site morbidity is
reported as uncommon, but can lead to severe complications and
additionally reduces quality of life [22–24].

The procedure illustrated in this paper is easy to learn and does
not require extensive microsurgical skills. The multimodal concept
of the turnover flap, together with scar tissue excision as well as
re-augmentation of the axilla using vascularized transposition of
lymph nodes and adipose tissue from the thoracic wall, is an effec-
tive therapeutic option that promises to be successful.

We hypothesize that, in breast cancer patients, excision of axil-
lary tissue resulting in scar tissue and volume reduction leads to
kinking and obstruction of the lymphatic vessels with secondary
blockage of axillary lymphatic drainage. It can be compared to
kinking of a straw, where no fluid can pass. By re-augmenting this
space with perfused fat tissue combined with lymphatic tissue
from the lateral thoracic wall, lymphatic drainage can be restored.

From our experience lymph node transplantation failures can
result due to insufficient dissection of scar tissue and opening of
the axillary space. Again, kinking of the lymphatic vessels as a re-
sult of recurrent scar tissue may reduce lymphatic flow.
Limitations
This is a retrospective analysis. The number of patients is limited.
The hypothesis that axillary scar tissue in patients with lymphede-
ma needs to be removed in full and combined with a re-augment-
Marx M et al. Re-augmentation of the… Geburtsh Frauenheilk 2020; 80: 526–531



ing turnover flap is based on observations and experience with
more than 2000 breast reconstructions. A prospective, random-
ized trial conducted under standardized conditions is needed to
increase the evidence for our observations. Another question is
whether this procedure would be useful in patients after breast-
conserving therapy and lymphedema who do not undergo breast
reconstruction. These patients might also benefit from the exci-
sion of scar tissue combined with a local transposition turnover
flap. Thus, more prospective clinical trials are needed.

The data suggest that this surgical technique would simplify
the treatment options of lymphedema of the upper extremities.
The postoperative results of the turnover flap available thus far
suggest that this technique does not require highly specialized
microsurgical training and is therefore appropriate for a wide
range of breast surgeons. In addition, this new procedure largely
avoids iatrogenic co-morbidities at the donor site.
Conclusion
Complete removal of the interfering axillary scar tissue after
breast cancer treatment and re-augmentation of the axilla with a
turnover flap results in a reduction in ipsilateral lymphedema, a
decrease in pain, and an improvement in quality of life. We inter-
pret this effect as a result of the physiological re-alignment of the
lymphatic vessels combined with a lymph node-containing local
transposition flap. Therefore, turnover flap surgery could be an ef-
fective alternative to standard lymph node transplantation.
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