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Summary Background: Changes of the lymph flow from the chest wall after mastectomy and 
sentinel lymph node biopsy (SLNB) or axillary lymph node dissection (Ax) has yet to be under- 
stood. This study aimed to investigate the effect of axillary surgery on lymphatic flow from the 
chest wall in patients who have undergone mastectomy, including those have undergone breast 
reconstruction and vascularized lymph node transfer (VLNT). 
Methods: Following mastectomy in 100 breasts, the directions of lymph flow from the chest 
wall was compared between the SLNB omission, SLNB, Ax, and Ax followed by VLNT groups 
using indocyanine green (ICG) lymphography in cross-sectional study. Lymph flow on the deep 
epigastric artery perforator (DIEP) flap was also investigated. 
Results: Lymph flow directing to the ipsilateral axilla was observed more frequently after 
SLNB than Ax (48% vs. 12.5%; p = 0.005); however, no significant difference was observed in 
the frequency of contralateral axillary route adoption between them (8% vs. 15%; p = 0.65). In 
the VLNT group, lymph flow to the ipsilateral axilla was not observed at a significantly higher 
frequency than in the Ax group (12.5% vs. 12.5%, p = 1.00). On the transferred DIEP flap, the 
lymph flowed anterograde or retrograde parallel to the anatomic course of the lymphatic 
vessels. 
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Conclusion: To visualize the direction of lymph flow of the chest following mastectomy, ICG 

lymphography may be useful to discern the direction in which malignant neoplasms, including 
lymphoma, are transported and to plan for lymph flow restoration. 
© 2021 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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urgical invasion for axillary lymph nodes (LNs) in breast 
ancer surgery may alter the direction of lymph flow to 
he LN basins across the chest wall. According to detailed 
natomical studies conducted by Suami et al. and clinical 
tudies on sentinel lymph node biopsy (SLNB) conducted by 
reast surgeons, the pathway of the subcutaneous collect- 
ng lymphatic vessels above the deep fascia in the anterior 
hest wall almost always flows into a few LNs in the axilla 
s a superficial lymphatic system 

1-6 . Lymph flow deeper than 
he deep fascia, including the internal mammary lymphatic 
ystem, communicates with the mammary gland tissue but 
as little contact with the superficial pathway 1-6 . Follow- 
ng the surgical invasion, the lymph flow in the superficial 
ystem may either flow toward the axilla again, change its 
ourse to another direction, or become stagnant. 
In the literature, studies on lymph flow to the axilla fol- 

owing surgical treatment have been described from the on- 
ologic perspective. 7-13 Because the purpose of these stud- 
es has been second SLNB for ipsilateral breast tumor re- 
urrence, all subjects investigated were those with cancer 
ecurrence in the ipsilateral chest. 7-13 In addition, most sub- 
ects were patients who had previously undergone breast- 
onserving surgery for the same reason. 
Postoperative breast cancer patients visiting the offices 

f plastic surgeons usually have no recurrence of breast can- 
er and the purposes of the visit are breast reconstruction 
ollowing mastectomy and/or breast cancer-related lym- 
hedema (BCRL) on the upper extremity. 14 Although surgical 
nterventions conducted by plastic surgeons to treat these 
iseases may affect the direction of the lymph flow in the 
hest, to our knowledge, these effects have not been inves- 
igated. 
Recently, breast implant-associated anaplastic large-cell 

ymphoma (BIA-ALCL) has become a very important issue in 
he field of breast reconstruction. In the proposed TNM clas- 
ification of BIA-ALCL, it is important to detect the range of 
N metastasis capable of exceeding the regional LNs. 15 

BCRL is a complication that reduces the quality of life of 
atients after breast cancer treatment, including not only 
fter lymphadenectomy, but also after only SLNB at a cer- 
ain rate. 16-19 Vascularized LN transfer (VLNT) has been re- 
orted to be useful in the management of BCRL 20-22 . The 
fferent and efferent lymphatics play an important role in 
he lymphatic drainage mechanism in VLNT, and as Chen 
t al. showed, the anastomosed vein is an important out- 
ow tract 23 , 24 . Experimental and clinical studies using in- 
ocyanine green (ICG) lymphography have shown that the 
natomical position of the transferred tissue and patency of 
he anastomosed vessels play important roles in VLNT 23-27 . 
owever, no study has investigated whether lymph flow 

rom the chest wall to transferred LN in the axilla is ob- 
erved. In the present study, we investigated differences in 
ubcutaneous lymph flow of the chest wall after mastec- 
2 
omy among patients who underwent different surgical pro- 
edures for the axilla, including those who have undergone 
reast reconstruction or/and VLNT following mastectomy. 
This study aimed to investigate the effect of axillary 

urgery on subcutaneous lymph flow of the chest wall in 
atients who have undergone mastectomy, including those 
ho have undergone breast reconstruction or/and VLNT. 
btaining knowledge of changes in the lymphatic drainage 
athway of the chest wall following mastectomy and axil- 
ary surgeries would be of great help in advancing our un- 
erstanding of mechanism of repair after lymph flow injury. 

atients and methods 

his cross-sectional study was carried out at the Chiba Uni- 
ersity Hospital in Chiba, Japan with approval from the rel- 
vant institutional review board and permission from the 
thics committee (No. 3000). The study was in accordance 
ith the Declaration of Helsinki. Written informed consent 
o participate in this study was obtained from all selected 
tudy participants prior to their inclusion. 
Inclusion criteria for this study were as follows: patients 

ho had undergone mastectomy and who had BCRL, sus- 
ected BCRL, or subclinical BCRL, based on the subjec- 
ive symptom of the patients. Patients who had undergone 
reast reconstruction and/or lymphatic microsurgery for 
CRL following mastectomy also met the inclusion criteria. 
atients with a duration of > 6 months between the primary 
urgery and ICG angiography were also eligible. Patients 
ith breast lymphedema or suspected breast lymphedema 
ere excluded. In the patients who presented following bi- 
ateral breast cancer, the examination was performed bilat- 
rally in the chest but, even in the patients diagnosed with 
nilateral breast cancer, the lymph flow of the chest in the 
ontralateral side was also examined if the patient wished 
o be examined because there is a risk of impairment in lym- 
hatic function in the contralateral side among those with 
nilateral BCRL following unilateral breast cancer. 28 

At this point, 0.2 mL of 2.5 mg/mL ICG solution (Diagno- 
reen®, 25 mg; Daiichi Sankyo Co., Ltd., Tokyo, Japan) 
as injected subcutaneously to the second interdigit and 
ourth interdigit of the upper extremity and center of the 
astectomy area 29 . The center of the mastectomy area was 
efined as the upper lateral quadrant of the nipple in the 
atient who had undergone nipple-sparing mastectomy, 
 cm cephalad lateral to the median surgical margin in 
atients who had undergone mastectomy resecting nipple–
reola complex, and the point where the upper lateral 
uadrant of the nipple was supposed to be in patients 
ho had undergone breast reconstruction. At 1 h after 
njection, a near-infrared monitoring camera (Pde-neo®; 
amamatsu Photonics K.K., Hamamatsu City, Japan) was 
sed to monitor and record the thoracic and axilla imaging 
ndings. When no lymphatic flow from the injected site 
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Figure 1 Lymph flow from the injected point was categorized 
into the following six directions and no flow: 1, ipsilateral ax- 
illa; 2, lateral thorax; 3, caudal region; 4, parasternal region; 
5, contralateral axilla; or 6, clavicular directions. 
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Figure 2 The directions of lymph outflow following mastec- 
tomy were drawn in a breast chart mimicking the radar chart. 
In right breast cancer, the actual position was reversed, and all 
cases were plotted with ipsilateral axilla at the upper right of 
the chart and contralateral axilla at the upper left of the chart. 
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as observed, manual drainage at the injected site was 
ttempted to facilitate ICG entry into lymphatic vessels. 
s the images of the right and left chest walls might 
ntersect, when bilateral examinations were performed, 
he contralateral examination was performed after one 
xamination was completed. 
The directions of linear lymphatic drainage channels 

rom the upper lateral region of the breast on ICG lymphog- 
aphy were classified into 1, ipsilateral axilla; 2, lateral tho- 
ax; 3, caudal region; 4, parasternal region; 5, contralateral 
xilla; or 6, clavicular region. When no linear pattern was 
bserved even after manual drainage to the injected point, 
he result was recorded as 7, no linear flow ( Figure 1 ). When
ultiple directions were observed, all directions to which 
he linear pattern was directed were recorded. As patients 
ith breast lymphedema were excluded, extensive dermal 
ack flow (DBF) was assumed to not spread throughout the 
hest by injecting it into the center of the breast. The lymph 
ow from the center of the breast was completely distin- 
uishable from that of the lymphatic inflow of the ipsilateral 
and by confirming the direction of the linear pattern con- 
inuously from the injection site and enhance the imaging 
ffect through the soft manual drainage. 
All 100 breasts were categorized into four groups based 

n previous surgical procedures performed in the axilla, 
nd the direction of lymph flow was compared between the 
roups. 
3 
1) When SLNB was omitted at the time of mastectomy, the 
chest was categorized into the SLNB omission group. 

2) When SLNB had been performed, the chest was catego- 
rized into the SLNB group. 

3) When axillary LN dissection (Ax) had been performed, 
the chest was categorized into the Ax group. 

4) When Ax had been performed followed by VLNT to the 
axilla later for postoperative chronic BCRL, the chest 
was categorized into the Ax followed by VLNT group. 
The recipient site of VLNT was axilla in all the patients 
included in this study. 

To visualize differences in the direction of lymph outflow 

n each group, a breast chart mimicking the radar chart was 
reated ( Figure 2 ). If more than one drainage route was ob-
erved, all directions seen were recorded and the percent- 
ge of the study population in which drainage in that di- 
ection was observed was shown. Therefore, the sum of all 
irections in the breast chart exceeds 100%. 
During the course of this study, the lymph flow in the tis- 

ues used for reconstruction could also be observed when 
he skin paddle of the flap was located at the center of the
reast. The deep epigastric artery perforator (DIEP) flap is 
he most frequently used reconstruction material at our in- 
titution. The anatomic lymph flow direction in the subcu- 
aneous tissue of the skin of the lower abdomen where the 
IEP flap was designed is from the umbilicus to the cau- 
al side. 30 During breast reconstruction, flaps were placed 
n various orientations to match the shape of the breast in 
he patients included in this study. The observed direction 
f the linear pattern after transference was classified as an- 
erograde, retrograde, or perpendicular to the anatomical 
ymph flow direction ( Figure 3 ). 

The primary endpoint of this study was to determine 
hether the frequency of subcutaneous lymph flow exists 
rom the chest wall to the ipsilateral axilla following mas- 
ectomy during the period between SLNB and Ax. The study 
lso investigated whether the frequency of lymph flow from 

he chest wall to the ipsilateral axilla increased after VLNT. 
he secondary endpoint was to determine whether the di- 
ection of the lymph flow in the transferred DIEP flap on the 
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Table 1 Basic characteristics of the patients in each group. 

SLNB Omission SLNB Ax Ax followed by VLNT 

Total number 3 25 40 32 
Age (years) 54.3 ± 2.9 52.2 ± 8.6 57.2 ± 15.8 68.7 ± 9.4 
BMI 21.3 ± 1.3 22.4 ± 3.0 23.4 ± 3.5 23.7 ± 2.6 
Radiation 0 1 29 29 
BCRL 0 1 27 32 

SLNB, sentinel lymph node biopsy; Ax, axillary lymph node dissection, VLNT; vascularized lymph node transfer; BMI, body mass index; 
BCRL, breast cancer-related lymphedema 

Figure 3 The anatomic lymph flow direction in the DIEP flap 
was assumed to be from the umbilicus to the caudal side. The 
observed direction of the linear pattern in the transferred DIEP 
flap was classified as anterograde, retrograde, or perpendicular 
to the anatomical lymph flow direction. 
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hest wall was changed from the preoperative anatomical 
irection of the lymph flow. 

tatistical analysis 

tatistical analyses among the groups were performed 
sing the JMP statistical software (version 13; SAS Institute 
nc., Cary, NC, USA). The chi-squared test and Fisher’s 
xact test were used to compare the ratio of the chest the 
ymphatic flow between the SLNB and Ax groups and the Ax 
nd Ax followed by VLNT groups, respectively. The Kappa 
oefficient was used to ascertain the consistency between 
he direction of anatomical collecting lymphatic channels 
n the DIEP flap and the direction of ICG outflow after flap 
ransference. A p-value of less than 0.05 was considered to 
e statistically significant. The data are presented as means 
standard deviations. 

esults 

 total of 100 sides of the chest wall following the mastec- 
omies of 89 patients (78 unilateral and 11 bilateral mastec- 
omies) were examined and analyzed. Eleven unoperated 
ontralateral normal breasts in 11 patients who had under- 
4 
one unilateral mastectomy were also examined using ICG. 
he average duration between breast oncologic surgery and 
xamination of the 100 breasts was 79.8 ± 95.6 months. 
hree (25, 40, and 32) breasts chest walls were categorized 
nto the SLNB omission, SLNB, Ax, and Ax followed by VLNT 
roups, respectively. The basic characteristics of each group 
re listed in Table 1 . 
For the upper limbs, although all patients subjectively 

xperienced upper extremity edema, no overt BCRL with 
 circumference change was observed upon examining 47 
rms (Normal or International Society of Lymphology [ISL] 
linical stage 0). Thirty-seven arms had ISL clinical stage 
 BCRL and 16 arms had ISL clinical stage 2 BCRL. In ICG
ymphography of the upper extremity, DBF pattern, which 
ndicates objective upper extremity lymphedema, was ob- 
erved in 0, 2, 27, and 32 limbs in the SLNB omission, SLNB,
x, and Ax followed by VLNT groups, respectively. The find- 
ngs of ICG lymphography were not normalized in any pa- 
ient following VLNT for BCRL in this study. 
In all of the 11 unoperated contralateral breasts, the di- 

ection of ICG drainage from the breast was toward the ip- 
ilateral axilla. 
The directions of lymph drainage of 100 breasts are listed 

n Table 2 and breast charts are displayed in Figure 4 . Typical
atterns of ICG lymphography are shown in Supplemental 
igital content 1 . 
In the SLNB omission group, the direction of ICG drainage 

n the chest was toward the ipsilateral axilla in all breasts. 
ince the number of chests in the SLNB omission group was 
ery small, a statistical analysis was performed to compare 
he differences in the surgical procedures for the axilla be- 
ween SLNB and Ax groups. When the direction of the lymph 
ow was categorized as toward the ipsilateral axilla versus 
ll other directions, lymphatic flow from the chest wall to 
he axilla was observed significantly more frequently in the 
LNB group than in the Ax group (48% vs. 12.5%; p = 0.005).
urthermore, lymph flow directing to the contralateral ax- 
lla was observed at a frequency of 8% in the SLNB group and
5% in the Ax group, with no significant difference between 
he two groups (p = 0.65). 
To elucidate the effects of VLNT on lymph flow from the 

hest wall, the difference between the Ax group and Ax fol- 
owed by VLNT group was analyzed. Between the Ax group 
nd Ax followed by VLNT group, there was no significant 
ifference in the frequency of ipsilateral axillary flow (12.5 
 vs. 12.5 %; p = 1.00). There was also no significant differ-
nce in the frequency of contralateral axillary flow between 
hese groups (15.0% vs. 6.3%; p = 0.20). 
Among 100 breasts, 52 breasts had undergone breast re- 

onstruction using DIEP flap. The injection point was located 
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Table 2 Direction of lymph flow from the chest wall in each group. 

SLNB Omission SLNB Ax Ax followed by VLNT 

Ipsilateral Axilla 3 12 5 4 
Lateral Thorax 0 3 2 1 
Caudal Region 0 0 3 1 
Parasternal Region 0 12 28 19 
Contralateral Axilla 0 2 6 2 
Clavicular Region 0 4 2 2 
No Linear Flow 0 0 4 8 

SLNB, sentinel lymph node biopsy; Ax, axillary lymph node dissection, VLNT; vascularized lymph node transfer 

Figure 4 Breast charts of each group following mastectomy are shown. Note that the percentage on each chart is a percentage 
of the number of subjects in each group. When a linear pattern was observed in multiple directions, all directions were recorded, 
so the total percentage of all components in the chart could exceed 100. SLNB omission; sentinel lymph node was omitted and 
no axillary surgery was performed. SLNB; sentinel lymph node biopsy, Ax; axillary lymph node dissection, Ax followed by VLNT; Ax 
followed by vascularized lymph node transfer later for postoperative chronic breast cancer-related lymphedema. 
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n the skin paddle in 27 of them, and it was possible to ob-
erve the lymph flow under the DIEP flap in these cases. In 
ve of them, a linear pattern was not observed on the skin 
addle, while, in the other 22 breasts, a linear pattern was 
bserved. During the design of the DIEP flap, assuming that 
he umbilico-caudal direction had been the original lymph 
ow before flap elevation, the flow direction observed by 
CG lymphography in the chest wall after flap transfer was 
nterograde, retrograde, and both anterograde and retro- 
rade in 7, 13, and two of the 22 flaps, respectively. No lin- 
ar pattern perpendicular to the direction of anatomic lym- 
hatic pathway of the recipients was observed. In total, an- 
erograde flow was observed in nine of 22 flaps. The Kappa 
oefficient was 0.14, and there was only a slight agreement 
etween the direction of anatomical collecting lymphatics 
5 
n the DIEP flap and the direction of ICG outflow after trans- 
erence. 

iscussion 

n this study, the direction of lymphatic drainage on the 
hest wall after mastectomy was analyzed for the first 
ime. In the untreated breast and SLNB omission group after 
astectomy, only ipsilateral axillary inflow was observed 

n all the chests. Although inconclusive due to the small 
umber of samples, the results were consistent with those 
f existing studies, which shows that lymphatic pathways 
rom the subcutaneous tissue of the anterior chest is con- 
ected to one or few axillary SLNs in most cases 1-6 . Once 
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112 . 
ymph flow to the axilla was blocked, lymph flow to the 
ther direction was observed more frequently after Ax than 
fter SLNB, but direct contralateral axillary lymph flow was 
ften observed in both cases. Future studies comparing 
reated with untreated breasts might be more useful to 
etect intraindividual variations and would provide more 
olid evidence for the results of this study. 
In addition to cancer recurrence and metastasis, BIA- 

LCL is at present of great concern to plastic surgeons and 
reast surgeons. The results of this study suggest that lymph 
ow is frequently directed away from the ipsilateral ax- 
lla, particularly in patients after Ax. Neoplasms arising in 
he chest wall after mastectomy may travel in a different 
athway from the anatomical lymphatic pathway. Since the 
etermination of whether contralateral axillary metastases 
re distant metastases or regional LN metastasis may affect 
everity classification, further studies revealing chest wall 
ymph flow after mastectomy are warranted. 31 

We herein investigated the possibility of lymph flow from 

he chest wall to the transplanted LNs as well as lymph flow 

rom the upper limbs to the transplanted LNs when the ax- 
lla was selected as a recipient site for VLNT. In this study, 
he frequency of lymph flow from the chest wall to the ipsi- 
ateral axilla did not increase after VLNT. Recently, the im- 
ortance of reverse mapping has been reported as a means 
o help avoid donor site morbidity following VLNT. 32 Along 
hese lines, intraoperative reverse mapping was performed 
n all patients in this study. 22 In all cases, the upper lateral 
uperficial circumflex iliac artery (SCIA)-fed LNs were trans- 
lanted, and the soft tissue in the SCIA-fed area was lo- 
ated across the axilla in the upper arm. 33 Yamamoto et al. 
eported that the axial nature of lymph flow in the trans- 
lanted tissue is important for the regeneration of lymph 
ow between the recipient and the transplanted tissue. 34 

uring VLNT, the transplanted tissue was positioned to fa- 
ilitate inflow from the upper arm, so it is speculated in 
his context that the lymph flow from the chest wall did not 
requently change its direction to the axilla. The results of 
his study suggest that the risk of VLNT inducing the lymph 
ow from neoplasms in the chest wall is reduced by placing 
he flap in consideration of the direction of lymph flow. One 
f the limitations of this study was that lymphatic drainage 
rom the upper extremities to the axilla was not included in 
he endpoint. In addition, the possibility cannot be ruled out 
hat the lymphatic inflow to the axilla was deeper than the 
epth observed by ICG lymphography. Further investigation 
s needed in the observation of axillary LNs after VLNT. 

As the mechanism of lymph flow changes after damage of 
he lymph flow or its reconstruction, the alternate pathway 
s assumed to be utilized and/or that lymphangiogenesis oc- 
urred. As a critical limitation, this was a cross-sectional 
tudy comprising various patients. Postoperative serial as- 
essment in future studies would potentially better eluci- 
ate these possibilities. 
In additional analysis of the present study focusing on the 

ases following DIEP flap, the direction of anatomic lymph 
ow before flap elevation was not maintained in the trans- 
erred flap in the anterograde direction. However, in all 
ases wherein a linear pattern was observed, lymph flow 

n the anterograde and/or 180 ° retrograde directions were 
bserved and not so in the perpendicular direction. The ax- 
ality of lymph flow is maintained in all cases after trans- 
6 
lantation, allowing for retrograde flow. These results sug- 
est that retrograde placement may also be acceptable in 
he planning restoration of lymph flow using free-flap trans- 
er. 34 

One of the limitations of this study was that the routes 
nto the deep lymphatic system could not be confirmed 
ue to the limited ability of ICG lymphography, especially 
hrough perforating lymphatics along the branch from the 
nternal mammary artery. Although the development of lym- 
hatic flow directly into the deep system without passing 
hrough the superficial lymphatic system from the subcu- 
aneous injection at the region of the perforating branch 
requently occurs, further research using other modalities 
uch as SPECT-CT may shed light on this topic. 35 Another 
imitation of the study was that various surgical methods 
ther than axillary manipulation were included, such as the 
mount of skin resection for mastectomy, breast reconstruc- 
ion methods, and position of transferred tissue. Prospec- 
ive studies that unify the surgical methods may prove the 
ndings suggested in this study. 

onclusion 

ubcutaneous lymph flow from the chest wall to the ipsi- 
ateral axilla following mastectomy was observed more fre- 
uently after SLNB than after Ax; however, the resumption 
f lymph flow in other directions, including the contralat- 
ral axilla, was common after either procedure. In contrast, 
ollowing VLNT, lymph flow from the chest to the transferred 
Ns was not observed very often. Understanding the direc- 
ion of lymph flow from the chest wall following mastec- 
omy may be useful to discern the direction in which malig- 
ant neoplasms, including lymphoma, are transported and 
o plan for lymphatic flow restoration. 

thical consent 
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