
	 www.PRSGlobalOpen.com	 1

Breast

From the *Department of Cardiothoracic and Vascular Surgery, 
Aarhus University Hospital, Aarhus, Denmark; †Department 
of Clinical Medicine, Aarhus University, Aarhus, Denmark; 
‡Department of Experimental Clinical Oncology, Aarhus University 
Hospital, Aarhus, Denmark; and §Department of Cardiothoracic 
Surgery, Rigshospitalet, Copenhagen, Denmark.
Received for publication June 22, 2021; accepted June 23, 2021.
The Regional Committee on Health Research Ethics of the Central 
Denmark Region (1-10-72-193-18) has approved this study. The 
study is registered on ClinicalTrials.gov (identifier: NCT03572998). 
The study protocol conforms to the ethical guidelines of the 1975 
Declaration of Helsinki, revised in 2013.
Copyright © 2021 The Authors. Published by Wolters Kluwer Health, 
Inc. on behalf of The American Society of Plastic Surgeons. This 
is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.
DOI: 10.1097/GOX.0000000000003779

Related Digital Media are available in the full-text ver-
sion of the article on www.PRSGlobalOpen.com.

INTRODUCTION
Breast cancer is the most common and most deadly 

cancer among women.1 Recent advances in the treat-
ment of breast cancer have increased the attention on 

the lifelong complications following this disease, includ-
ing lymphedema. Approximately one in five breast cancer 
patients experience breast cancer-related lymphedema 
(BCRL) with estimates ranging from 13% to 65%.2,3 Why 
lymphedema occurs as a consequence of breast cancer 
treatment is still not completely understood; however, 
axillary lymph node dissection (ALND) and radiotherapy 
have been recognized as major risk factors.4–6

The consequences of BCRL can be severe, both physi-
cal and psychological. Examples include a decrease of 
physical strength and range-of-motion of the shoulder, 
and sensibility in the arm as well as an increased feel-
ing of pain and heaviness. Anxiety, depression, sexual 
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ABSTRACT

Background:  Lymphedema is a highly feared complication of breast cancer treat-
ment, but the underlying complex mechanisms are still unknown. Thus, we investi-
gated the lymphatic morphology and contractility in the lymphatic vessels of arms of 
high-risk breast cancer patients treated for node-positive early breast cancer.
Methods: In this prospective cohort study 32 women treated for unilateral node-
positive breast cancer were enrolled and studied 36 ± 23 days after loco-regional 
radiotherapy. Near-infrared fluorescence imaging was used to assess morphology and 
function of the superficial lymphatic vessels. Strain-gauge plethysmography was per-
formed to evaluate the capillary filtration of fluid.
Both arms were investigated, with the non-treated arm acting as control. The patients 
were questioned about the presence of lymphedema yearly and finally 574 ± 118 days 
after ended radiotherapy.
Results: Morphologically, 25% of the treated arms expressed lymphatic vessel 
abnormalities compared to the control arms (p = 0.0048). No difference in func-
tional parameters (maximal pumping pressure, p = 0.20; contraction frequency,  
p = 0.63; contraction velocity, p = 0.55) was found between the treated and control 
arms. Patients who later developed lymphedema had a difference in velocity com-
pared to those who did not develop lymphedema (p = 0.02). The capillary filtration 
rate was similar between the two arms (p = 0.18).
Conclusions: Peripheral lymphatic vessels were morphologically changed in the ipsi-
lateral arm in 25% of the patients and patients who later developed lymphedema 
showed an early increase in velocity. Other functional parameters and capillary 
filtration were unchanged in this early phase. These discrete changes might be 
early indicators of later development of lymphedema. (Plast Reconstr Surg Glob Open 
2021;9:e3779; doi: 10.1097/GOX.0000000000003779; Published online 25 August 2021.)
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dysfunction, reduced body confidence, and a lowering of 
the general quality of life have also been observed in these 
patients.7–12

The current treatment of lymphedema consists pri-
marily of bandaging, compression garments, manual 
lymphatic drainage, and exercise. Although the current 
treatment options can help patients with lymphedema to 
some degree, the patients still have to undergo lifelong 
treatment to manage the condition.13,14 The discovery of 
an intrinsic contractile function in the lymphatic vessels15 
combined with the development of new imaging tech-
niques, such as near-infrared fluorescence (NIRF) imag-
ing, has recently lead to an adequate in vivo functional 
description and hitherto unseen insight into lymphatic 
morphology.16 Decreased functional parameters and 
abnormal morphology have been shown in patients with 
BCRL indicating that the lymphatic vasculature plays a 
role in the development of this condition.17–19 Yet, no stud-
ies have examined if these functional and morphological 
findings are present before the development of BCRL. 
Thus, this prospective cohort study aimed to examine the 
baseline lymphatic function and morphology in women 
who have recently undergone and completed treatment 
for breast cancer.

METHODS

Ethics Statement
The Regional Committee on Health Research 

Ethics of the Central Denmark Region (1-10-72-193-
18) has approved this study. The study is registered on 
ClinicalTrials.gov (identifier: NCT03572998). The study 
protocol conforms to the ethical guidelines of the 1975 
Declaration of Helsinki, revised in 2013, and all partici-
pants provided written informed consent before enroll-
ment. This study meets the STROBE guidelines.

Study Design and Population
The study was designed as a prospective cohort 

study. Participants were included at Aarhus University 
Hospital, Denmark, in the period from September 2018 
to December 2019.

The population consisted of 32 consecutive women 
with unilateral breast cancer who all underwent both 
surgery and completed locoregional radiotherapy before 

the lymphatic examination. Surgical procedure consisted 
of either lumpectomy or mastectomy including sentinel 
node biopsy or ALND. Patients who had adjuvant chemo-
therapy (three cycles pirubicin/cyclophosphamide fol-
lowed by three cycles paclitaxel, total 18 wks) started the 
systemic therapy within 1 month after the last surgery, and 
the radiotherapy was initiated 2 weeks after the last che-
motherapy. Patients who had surgery and no chemother-
apy started radiotherapy 4–6 weeks after the last surgery. If 
endocrine therapy was recommended, this was prescribed 
already before radiotherapy. All patients participated in 
the DBCG RT Skagen trial 1(NCT02384733). In that trial, 
patients treated with locoregional radiotherapy are ran-
domized between 50 Gy/25 Fr versus 40 Gy/15 Fr, and the 
primary endpoint is arm lymphedema at 3 years (dbcg.
dk). They were recruited during their course of radio-
therapy. Patients with previous breast cancer, ductal carci-
noma in situ of the breast, bilateral breast cancer, previous 
radiation therapy to the chest region, or metastasis of their 
breast cancer were not eligible. If clinical lymphedema 
had developed before the examination the patient was 
also excluded. Both arms of the participants were exam-
ined. The arm adjacent to the treated breast was labeled 
“ipsilateral arm” and the opposite arm was labeled “con-
tralateral arm.” The patients served as their own controls. 
The examination was done after the completion of radio-
therapy and no later than half a year after completion. All 
patients underwent the same procedure and were under 
similar conditions, on the same segment of the arm, and 
in a supine position. The temperature was kept constant at 
21 ± 1°C during the examination.

Patients were contacted regarding lymphedema status 
yearly. The last contact was on January 18, 2021, and was 
validated through their medical records.

Endpoints
Our primary endpoint consisted of the lymphatic func-

tional parameters. Secondary outcomes included mor-
phological abnormalities and plethysmography.

Study Procedure
Half an hour before the arrival of the patient, the fluo-

rescent dye, indocyanine green (ICG) (Diagnostic Green 
GmbH, Germany), was dissolved in sterile water and diluted 
with isotonic saline. A 0.1 mL injection of 0.025% ICG dis-
solved in saline, equivalent to a 25-μg dose per injection, 
was injected intradermally three times on each hand using 
a 30-G needle. The injections were given dorsally between 
the second and third proximal phalanges, between the 
fourth and fifth proximal phalanges, and the last on the 
palmar wrist. The fluorophore was excited using a custom-
designed 785 nm 450mW laser (PowerTechnology, Ark.), 
with a 780 ± 28 nm band-pass filter to minimize light leak-
age. The emitted light from the fluorophore was collected 
with an electron-multiplier charge-coupled device camera 
(C9100-13 Hamamatsu, Japan) with a Navitar lens (25 mm 
f0.95) and two 835 nm ± 15 nm (>OD5) band-pass filters 
mounted in front and behind.

Three sequences were recorded of each arm: injection 
sequence, baseline frequency and velocity, and maximal 

List of products, devices, and drugs used: Indocyanine 
Green (ICG); 785 nm 450 mW laser (PowerTechnology, 
Ark.); Electron-multiplier charge-coupled device camera 
(C9100-13 Hamamatsu, Japan); Hokanson sphygmoma-
nometer cuff (Marcom Medical Denmark); Hokanson E20 
Rapid cuff inflator, Hokanson AG101 air source, SC10 cuff; 
(Marcom Medical, Denmark); Strain gauge plethysmogra-
phy (Hokanson EC6 and Hokanson E20; Marcom Medical, 
Denmark); Analog-to-digital converter (ADInstruments, 
Oxford, United Kingdom); LabChart 7 software; Custom-
written LabView program (National Instruments, Tex.); and 
Stata/SE 15.1 for Mac (StataCorp, Tex.).
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pumping pressure. Last, the capillary filtration rate (CFR) 
was measured using strain gauge plethysmography.

Injection Sequence
The recording was initiated, and the injection of the 

fluorophore began. The small cutaneous lymphatic vessels 
collected the injected fluorophore and the morphology of 
the collecting lymphatic vessels was visualized.

Baseline Frequency and Velocity
Ten minutes after the injection sequence, the baseline 

frequency and velocity sequence was started and the flow 
was recorded for 6 minutes on the forearm.

Maximal Pumping Pressure
A tourniquet was placed distally on the forearm to 

occlude the lymphatic flow. Subsequently, the lymphatic 
vessels proximal to the tourniquet were emptied manually. 
Then, a Hokanson sphygmomanometer cuff (Marcom 
Medical Denmark) was placed proximally to the tourni-
quet and inflated to a pressure of 80 mm Hg. The strap 
was then removed. This ensured that all lymphatic fluid 
that passed the cuff originated distally from the cuff. The 
pressure was then lowered every fifth minute by 5 mm Hg 
until the lymphatic vessels were able to generate a pressure 
equal to or higher than the current pressure employed 
by the cuff (Hokanson E20 Rapid cuff inflator, Hokanson 
AG101 air source, SC10 cuff; Marcom Medical, Denmark). 
When this equilibrium was achieved or surpassed, the lym-
phatic fluid passed the cuff and filled the lymphatic vessels 
proximal to the cuff. The pressure level at this point was 
noted as the maximal pumping pressure.

Adequate Imaging Quality
All analyzed sequences had at least one lymphatic 

propulsion in the distal-to-proximal direction; however, 
lymphatic propulsion was not observed in all fluorescent 
vessels. In all the analyzed maximal pumping pressure 
sequences, the lymphatic fluid surpassed the cuff and 
filled the vessels proximal of the cuff.

Capillary Filtration Rate
The CFR (µL × 100 ml−1 tissue × min−1) of the arms was 

measured using a strain gauge plethysmography setup 
(Hokanson EC6 and Hokanson E20; Marcom Medical, 
Denmark) connected to a PC using an analog-to-digital 
converter (ADInstruments, Oxford, United Kingdom) and 
analyzed using LabChart 7 software. Initially, a sphygmoma-
nometer cuff was placed around the brachium of the par-
ticipant. The cuff was then inflated to a pressure of 20 mm 
Hg and increased with 10 mm Hg every 3 minutes until a 
pressure of 80 mm Hg was reached. The change in circum-
ference was recorded continuously by the strain gauge, 
placed distal to the cuff. Initially, the increase in venous 
pressure resulted in a rapid, nonlinear increase in the vol-
ume of the arm, due to venous distension. Subsequently, 
the greater hydrostatic pressure in the capillaries increased 
the CFR, resulting in a modest linear increase in the cir-
cumference of the arm, due to an increase in the filtration 
and thus the interstitial fluid volume.

Morphology
Each sequence was blinded and evaluated by two inves-

tigators independently for the presence of abnormali-
ties. If there was any discordance over whether lymphatic 
abnormalities were present, a third investigator’s evalua-
tion was acquired. Normal lymphatic vessels of the fore-
arm were characterized as ascending in a distal-proximal 
direction in a straight manner. Morphological abnormali-
ties were characterized according to a previous study18 
(Fig. 1).

Data Analysis and Statistics
All recorded sequences were analyzed in a custom-

written LabView program (National Instruments, Tex.). 
Regions of interest (ROIs) were plotted in the recorded lym-
phatic vessels. The intensity of the fluorescence at the ROIs 
was measured and allowed for the calculation of the contrac-
tion frequency and the velocity. Contractions were seen as a 
transient increase in intensity and by counting the number 
of events over time, the contraction frequency (events/min-
ute) could be calculated. The velocity (cm/s) was calculated 
by timing seconds spent by the lymph packet traveling a 
set distance of at least 5 cm between two ROIs. Results are 
reported as mean ± SD for continuous data and as absolute 
numbers and percentages of participants for binary data.

Differences between groups were calculated using 
paired and unpaired Student’s t-test as well as two-way 
ANOVA for Gaussian distributed data and Wilcoxon and 
Mann–Whitney test for non-normal distributed data. 
Some data achieved a Gaussian distribution through 
reciprocal transformation, and this was done before 
any data analysis. Chi-square test and Fisher’s exact test 
were used for binary data. Results were considered sta-
tistically significant when the P value was less than 0.05. 
Statistical analysis was performed using Stata/SE 15.1 for 
Mac (StataCorp, Tex.). Based on a mean pumping pres-
sure found in an NIRF validation study of 59 mm Hg and 
an SD of 12.7 a total of 23 or more study subjects were 
targeted to be included in this clinical trial.16 The prob-
ability that the study would detect a treatment difference 
at a two-sided 0.05 significance level, if the true difference 
between treatments was 10 mm Hg, was 80%.

RESULTS
Thirty-three patients who completed radiotherapy 

were included. One had developed lymphedema before 
the examination day and as such was excluded. The total 
number of participants was 32 patients. The time since 
ended radiotherapy was 36 ± 23 days.

An average of 2.76 ± 0.92 and 2.82 ± 0.83 lymphatic ves-
sels were analyzed in the ipsilateral arm and contralateral 
arm, respectively. Demographic data of the patients are 
summarized in Table 1.

Table 2 shows the functional and morphological data 
of the patients. The ipsilateral arm had a higher occur-
rence of abnormalities of their peripheral lymphatic ves-
sels compared to the contralateral arm. There was no 
difference in maximal pumping pressure, contraction fre-
quency, and contraction velocity between the ipsilateral 
arm and the contralateral arm.
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Table 3 shows the functional and morphological data 
of the ipsilateral arm of patients destined to develop BCRL 
and patients who did not develop BCRL. No difference was 
observed regarding maximal pumping pressure and con-
traction frequency. A difference was observed in contrac-
tion velocity (P = 0.02). The CFR is illustrated in Figure 2. 
No difference between the two arms was observed.

All patients who presented with lymphatic abnormali-
ties underwent ALND, whereas 50% of the patients who 
did not present with lymphatic abnormalities underwent 
ALND (P = 0.01). No other difference was observed 

between these groups. The number of observations dif-
fers due to some sequences (NIRF and plethysmography) 
being inadequate for proper analysis.

DISCUSSION
We present for the first time the vascular filtration and 

lymphatic function in patients who recently underwent 
locoregional radiotherapy for early node-positive breast 
cancer and before showing any clinical signs of lymph-
edema. At an average of 1 month after radiotherapy, 
one-quarter of patients disclosed abnormal lymphatic 
morphology at the lower part of their ipsilateral arm, 
whereas no abnormalities were detected on the contra-
lateral arms. There were no changes in functional param-
eters including maximal pumping pressure, contraction 
frequency, and CFR. However, those who developed clini-
cal BCRL within the follow-up period (BCRL-destined) 
showed a higher lymphatic velocity compared to those 
who did not develop clinical BCRL (non-BCRL). This 
indicates that the peripheral lymphatic vasculature 
responds to the operation, lymphatic node dissection, 
and subsequent radiation with both morphological and 
functional changes.

The formation of lymphedema occurs when there is 
a mismatch between the amount of fluid filtered into 
and the amount of fluid transported away from the inter-
stitial space.20 Increased vascular filtration21 as well as a 
decreased lymphatic contractility of the lymphedema-
tous arm18,22 have been reported in patients who have 
developed BCRL. It is unknown whether these find-
ings were present before the breast cancer diagnosis, 
developed after the axillary surgery and radiation treat-
ment, or are merely a product of an already developed 
lymphedema.

Fig. 1. Images of lymphatic vessels. A, Ipsilateral forearm presenting with normal lymphatic morphology. B, Ipsilateral forearm presenting 
with lymphatic abnormalities.

Table 1. Characteristics of Participants Who Completed 
Breast Cancer Treatment

 

Breast  
Cancer- 
treated  

Patients,  
n = 32

Patients 
Destined  

to Develop  
BCRL,  
n = 6

Non- 
BCRL 

Patients,  
n = 26

Demographics    
  Age, y 53 ± 12 46 ± 8 55 ± 13
  Weight, kg 74 ± 14 63 ± 8 77 ± 14
  Height, cm 167 ± 6 165 ± 5 168 ± 6
  Body mass index, kg/m2 26 ± 5 23 ± 3 27 ± 5
 Axillary surgical type, n (%)    
  Sentinel node 12 (38) 0 (0) 12 (46)
  ALND 20 (63) 6 (100) 14 (54)
  Lymph nodes removed 12 ± 9 14 ± 4 12 ± 9
 Operation, n (%)    
  Mastectomy 9 (28) 1 (17) 8 (31)
  Lumpectomy 23 (72) 5 (83) 18 (69)
  Chemotherapy, n (%) 24 (75) 5 (83) 19 (73)
  Endocrine therapy, n (%) 28 (88) 5 (83) 23 (88)
 Radiation treatment n (%)    
  50 Gy/25 fractions 14 (44) 3 (50) 11 (42)
  40 Gy/15 fractions 18 (56) 3 (50) 15 (58)
  Time since treatment, days 35 ± 23 39 ± 19 35 ± 24
  Follow-up time since  

  treatment, days
574 ± 118 622 ± 82 563 ± 123

Data reported as means ± SDs or absolute numbers and percentages of patients.
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Our findings of unchanged lymphatic contractility 
and capillary filtration immediately after breast cancer 
treatment indicate that the lymphatic changes observed 
in BCRL patients are not an immediate consequence of 
the breast cancer treatment. More likely, the inhibition of 
lymphatic vessel function occurs over a timespan which 
more often than not exceeds the timespan in this study.23

Degrading lymphatic contractility will eventually 
render the lymphatic vessels incapable of providing the 
necessary movement of fluid away from the arm. In sup-
port of this hypothesis, a recent study found pathologi-
cal changes in the composition of the vessel walls in the 
collecting lymphatic vessels.24 These formations occurred 
before the onset of lymphedema and were a consequence 
of the increased endolymphatic pressure that follows 
lymphadenectomy.

The earliest pathological change in the lymphatic ves-
sels in patients with subclinical stages of lymphedema is 
dilatation of the lymphatic vessels.24 Radiation therapy 
could lead to inflammatory changes in the lymphatic vas-
culature and cause the dilatation of the vessels. At this 
point, we do not know if the velocity in the vessels is con-
stant. The dilatation of the vessels could explain why we 
observe an increase in contraction velocity in the BCRL-
destined patients. Lymphatic vessels are divided into 
smaller subunits, called lymphangions, by unidirectional 
valves.25 These valves are essential for maintaining the 
unidirectional flow and preventing backflow.25 In a con-
tracting lymphangion, the outflow pressure is greater than 

the inflow pressure which leads to closure of the valves.26 
When the luminal diameter increases, the valve’s ability to 
close is compromised.25–27 When the valves stay open, the 
resistance for the fluid to move into the next lymphan-
gion is decreased and could explain the increased veloc-
ity in BCRL-destined patients. This increase in velocity is, 
however, not an indication of more lymphatic fluid being 
transported since the valve mechanism preventing back-
ward flow is also compromised.

Incompetent lymphatic valves could also explain the 
morphological abnormalities observed in a quarter of the 
ipsilateral arms. An insufficient closure of the valves could 
lead to lymphatic fluid flowing backward and explain the 
“dermal backflow”  pattern28 we observe (Video  1). (See 
Video 1 [online], which displays injection of indocyanine 
green intradermally. A, Dorsal injection on the ipsilateral 
arm showing a characteristic dermal backflow pattern. B, 
Dorsal injection on the corresponding contralateral arm 
showing normal uptake into the lymphatic vessels.)

Lymphatic abnormalities are well described in lymph-
edematous arms and have also been observed in patients 
treated for breast cancer with no lymphedema.18,28 It is pro-
posed that these early morphological abnormalities could 
be an indicator of subclinical lymphedema.19 Only three 
of the six patients who were identified as BCRL-destined 
patients expressed lymphatic abnormalities. It has to be 
taken into consideration that the follow-up is relatively 
short and many more patients may develop abnormalities 
with time.

It is noteworthy that all patients who presented with 
lymphatic abnormalities had ALND which is considered a 
major risk factor for developing BCRL.2 This suggests that 
the causality of early lymphatic abnormalities and BCRL 
could be similar. It is, however, important to notice that 
five of the eight patients who demonstrated lymphatic 

Table 2. Functional and Morphological Data of the  
Ipsilateral and Contralateral Arm of Breast Cancer Patients

 
Ipsilateral  

Arm, n = 32
Contralateral 
Arm, n = 32 P

NIRF imaging    
  Maximum pumping  

  pressure, mm Hg
48 ± 15* 46 ± 14* 0.1964

  Contraction frequency, min−1 0.9 ± 0.5* 0.8 ± 0.4* 0.6313
  Contraction velocity, cm/s 1.1 ± 0.4‡ 1.0 ± 0.2† 0.5504
Morphological abnormalities,  

n (%)
8 (25) 0 (0) 0.0048

Data reported as means ± SDs or absolute numbers and percentages of patients.
*n = 30. 
†n = 28. 
‡n = 25.

Table 3. Functional and Morphological Data of the  
Ipsilateral Arm of Patients Destined to Develop BCRL  
and Patients Who Have Not Developed BCRL

 

BCRL- 
destined,  

n = 6

Non- 
BCRL,  
n = 26 P

NIRF imaging    
  Maximum pumping  

  pressure, mm Hg
49 ± 5 47 ± 3 0.7320

  Contraction frequency, min−1 1.1 ± 0.3 0.8 ± 0.1 0.1623
  Contraction velocity, cm/s 1.5 ± 0.6* 1.0 ± 0.2† 0.0219
Morphological abnormalities, 

n (%)
3 (50) 5 (19) 0.1479

Data reported as means ± SDs or absolute numbers and percentages of patients. 
*n = 5.
†n = 20.

Fig. 2. CFR of the ipsilateral and contralateral arm of breast cancer-
treated patients.
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morphological abnormalities were not identified as BCRL-
destined patients. We suggest early lymphatic morphologi-
cal abnormalities to be regarded as a possible risk factor 
for developing BCRL and not necessarily a precursor for 
BCRL.

Limitations
Due to low tissue penetration of the fluorescence, 

only the superficial lymphatic vessels are visualized. Also, 
some lymphatic vessels of the forearm might not be con-
nected to the three injection sites of the hand and wrist 
and as such might not be recognized, leaving a possibility 
of underestimating the total amount of lymphatic vessels 
present in the arm.

In addition, the vessels involved in the lymphatic 
abnormalities were often marked unfit for functional 
measurements. These vessels might have a lower contrac-
tility compared to the vessels not involved in the lymphatic 
abnormality. As such, the average contractions per minute 
measured in the arms with lymphatic abnormalities might 
have been overestimated.

Since breast cancer treatment involves systemic treat-
ments such as chemotherapy, endocrine therapy and zole-
dronic acid, both arms were affected by these treatments. 
A possible effect of the systemic treatment on the func-
tionality of the lymphatic vessels would therefore have 
been unnoticed. This is also true regarding the possible 
systemic reaction to the local axillary treatment.

Only six patients were identified as destined to 
develop BCRL which limits the power of the statistics 
regarding this subgroup. The risk of type-2 errors is evi-
dent and as such interpretation of the data should be 
done cautiously; however, the study opens for generating 
hypotheses.

CONCLUSIONS
A quarter of the breast cancer patients demonstrated 

lymphatic morphological abnormalities immediately after 
completed locoregional radiotherapy. A change in func-
tion could not be shown at this point, however, patients 
destined to develop BCRL did have a higher contraction 
velocity when compared to patients who were not destined 
to develop BCRL. These two findings suggest that early 
changes in the lymphatic function and morphology could 
be a predictor of the risk of later diminishing lymphatic 
function and eventual lymphatic failure leading to lymph-
edema. This study also indicates that lymphatic changes 
leading to lymphatic failure occur over longer timespans 
than covered by this study. Larger studies following the 
lymphatic changes in breast cancer-treated patients closer 
and for a longer period of time is highly encouraged as it 
could help enlighten the pathophysiology of the develop-
ment of BCRL.
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