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INTRODUCTION

Lymphedema is a progressive disease affecting the lymphatic 
system involving chronic inflammation, fibrosis, hyperkeratosis, 
and adipose deposition [1]. It is mostly observed following on-
cological treatment, such as radiotherapy or lymph node dissec-
tion [2-4]. Secondary lymphedema after breast cancer surgery 

occurs in up to 30% of patients following axillary lymph node 
dissection [5]. Lymphedema results in significant pain and 
morbidity, and it negatively impacts patients’ quality of life. It 
also results in a significant financial burden for patients and the 
healthcare system [6]. Therefore, active support and treatment 
for patients with lymphedema are required.

Complete decongestive therapy is the standard of care for 
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lymphedema patients. However, surgical treatment has recently 
become increasingly popular [7,8]. Surgical treatment can be 
classified as excisional and physiologic procedures. Despite the 
promising short-term outcomes of excisional surgical tech-
niques and their ability to yield long-term reductions in limb 
circumference, these techniques cannot reverse the underlying 
pathophysiological processes of lymphedema, and patients are 
frequently required to maintain lifelong adherence to complete 
decongestive therapy and compression therapy [9]. In contrast, 
advanced microsurgical procedures, such as lymphovenous 
anastomosis (LVA) and vascularized lymph node transfer 
(VLNT), which are physiologic procedures, aim to improve 
lymphatic drainage via physiologic mechanisms [9] and to re-
verse the pathophysiological processes of the disease. Therefore, 
it is important to perform active surgical treatment during the 
early stages of lymphedema, when physiologic procedures are 
possible.

It has been reported that patients have difficulty finding and/
or understanding health information concerning lymphedema 
and its surgical management [10]. Additionally, most patients 
have been reported to learn about lymphedema surgery from 
sources who are not lymphedema specialists and, therefore, 
have an insufficient knowledge of lymphedema and its treat-
ment [11]. Thus, patients who do not have sufficient and accu-
rate knowledge of lymphedema and its surgical treatment are 
unlikely to undergo surgical treatment during the early stages of 
the disease.

This study analyzed the relationship between patients’ aware-
ness of lymphedema surgery and lymphedema severity at pre-
sentation. It also assessed whether patients’ knowledge of surgi-
cal treatment for lymphedema was associated with their initial 
presentation to a hospital at an earlier stage of lymphedema, re-
sulting in earlier surgical treatment.

METHODS

Patients
Approval from the Institutional Review Board of Pusan Nation-
al University Hospital (IRB No. 2009-013-095) was obtained 
before conducting this retrospective study. Fifty-two patients 
who were referred to our hospital for the assessment of upper 
extremity lymphedema (UEL) between December 2017 and 
December 2019 were initially included if they met the following 
criteria: (1) completed a survey about lymphedema and surgi-
cal treatment of lymphedema at presentation and (2) under-
went indocyanine green (ICG) lymphography for the evalua-
tion of UEL at presentation. The following patients were ex-
cluded: those who refused to complete the questionnaire sur-

vey; those with previous primary lymphedema; those lost to 
follow-up after lymphedema surgery; those with metastasis or 
infection of both arms; and those in whom staging was not pos-
sible due to atypical findings or poor image quality.

All patients were asked to complete a survey designed to assess 
their awareness of lymphedema and lymphedema surgery, as 
well as their source of knowledge and the information they ob-
tained about lymphedema surgery when they visited Pusan Na-
tional University Hospital for the treatment of lymphedema 
(Fig. 1). Based on their responses, patients were classified as be-
ing aware or unaware of surgical treatment. Moreover, at the 
time of presentation, information was obtained on patients’ his-
tory of radiotherapy, adjuvant chemotherapy, neoadjuvant che-
motherapy, and surgery, including axillary lymph node dissec-
tion, mastectomy, and breast-conserving surgery.

ICG lymphography
We obtained ICG lymphography images using a near-infrared 
camera (Moment K; IANC&S, Seoul, Korea) with a 760-nm 
light-emitting diode and a filter that limited light to < 820 nm. 
All patients were subcutaneously injected with 0.2 mL of ICG 
(Diagnogreen, 2.5 mg/mL) into the first and third web spaces 
of the hand. To reduce pain, 2% lidocaine HCl with 1:100,000 
epinephrine was injected into the first and third web spaces of 
the hand before dye injection. After ICG dye injection, images 
of the anterior and posterior aspects of the lymphatic drainage 
of both upper limbs were obtained using a near-infrared camera. 
ICG lymphography images were obtained hourly post-injection 
until the ICG dye spread throughout the entire limb and was 
sufficient for ICG lymphography staging. 

The images were classified according to the arm dermal back-
flow (ADB) stage [12] and MD Anderson Cancer Center 
(MDACC) stage [13] based on the dermal back flow pattern 
and its extent. Scoring for the ADB stage was performed using 
the posterior aspect. ICG lymphography staging was conducted 
in a blinded manner, without information regarding patients’ 
clinical status.

Surgical techniques
LVA, VLNT, and power-assisted liposuction were performed to 
treat lymphedema. The surgical technique applied for each pa-
tient was determined based on the clinical evaluation, ICG lym-
phography results, and lymphoscintigraphy findings. If the se-
verity of lymphedema was low, then LVA and VLNT were pre-
dominantly considered; liposuction was performed if the sever-
ity was high. Patients were asked to supply compression gar-
ments or compression bandages, which were placed immediate-
ly after LVA, VLNT, and liposuction. Patients were asked to 
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Fig. 1. Questionnaire about the patients’ awareness of lymphedema surgery. Patients were asked to complete a questionnaire designed to eval-
uate their awareness of lymphedema and lymphedema surgery.

Questionnaire about awareness of lymphedema surgery

Cautions: The following survey is intended to assess patients’ understanding of lymphedema surgery. Please read each question carefully and answer the following 
questions. Your responses will be kept confidential and combined with other responses when reporting the results. Please do not write your name on this questionnaire.

1) What is your sex?

(  ) Male 
(  ) Female

2) How old are you?

(        )  

3) What is your highest level of education?

(  ) Less than high school 
(  ) High school graduate 
(  ) College graduate 
(  ) Postgraduate school

4) �How long have you been suffering from 
lymphedema?

(  ) Less than 6 months 
(  ) Between 6 months and 1 year 
(  ) Between 1 and 2 years 
(  ) Between 2 and 5 years 
(  ) More than 5 years

5) �Did you know about the surgical treatment 
of lymphedema when you visited the 
tertiary hospital (Pusan National University 
Hospital) for the treatment of lymphedema?

(  ) Yes
(  ) No

6) �How long after being diagnosed with 
lymphedema did you learn about 
lymphedema surgery?

(  ) �After visiting Pusan National 
University Hospital for the 
treatment of lymphedema 

(  ) �At the time of diagnosis/before 
diagnosis 

(  ) Less than 6 months 
(  ) Between 6 months and 1 year 
(  ) Between 1 and 2 years after 
(  ) Between 2 and 5 years
(  ) More than 5 years

If you choose “after visiting Pusan National 
University Hospital for the treatment of 
lymphedema” skip question number 6.

7) �How did you first learn about lymphedema 
surgery?

(  ) From a physician 
(  ) From a health care professionals 
(  ) From family/friend 
(  ) Internet

8) �Which treatments have you previously 
received for lymphedema? Please select all 
that apply.

(  ) Compression bandage 
(  ) Physical or occupational therapy 
(  ) Medications

If medications, please describe;

                                                                     

                                                                     

If other, please describe;

                                                                     

                                                                     

9) Have you had any surgery for reasons 
other than lymphedema?

(  ) Yes 
(  ) No 

If yes, please list all previous surgeries;

                                                                     

                                                                     

wear compression garments or compression bandages for ap-
proximately 6 months postoperatively.

Statistical analysis
Values are presented as mean ± standard deviation or as percent-
ages when appropriate. The Wilcoxon rank-sum test was per-
formed for continuous variables. The Fisher exact test was per-
formed for categorical variables. All data were analyzed using 
the R 4.0.1 IRR package (R Foundation for Statistical Comput-
ing, Vienna, Austria), and a P-value < 0.05 was considered to in-
dicate statistical significance.

RESULTS

Of the 52 patients who were referred to our hospital for UEL as-
sessment during the study period, 48 were finally included in 
the study. No patient was excluded from the analysis due to poor 
imaging quality results of the final test. However, one patient re-
fused to complete the survey, and another patient was excluded 

because of bilateral UEL. Two other patients were excluded be-
cause they were diagnosed with primary lymphedema.

Demographic characteristics were compared between patients 
who were aware or lymphedema surgery (n = 34) and those who 
were not (n = 14) (Table 1). All patients were female and had a 
history of breast cancer. The mean age of those who were aware 
of lymphedema surgery was 55.09 ± 8.01 years, while that of 
those who were not aware of lymphedema surgery was 57.29 ±  
10.97 years. This difference was not statistically significant 
(P = 0.506). Preoperative and postoperative body mass index 
(BMI), limbs with lymphedema, and educational levels were 
likewise not significantly different between the two groups. No 
significant between-group difference was found in the duration 
of suffering from lymphedema (P = 0.458). Preoperative and 
postoperative BMI values were calculated based on the height 
and weight measured at presentation and height and weight 
measured at the time of the outpatient visit at 6 months after 
surgery, respectively. The proportions of patients with a history 
of radiotherapy, adjuvant and neoadjuvant chemotherapy, and 
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surgery including axillary lymph node dissection, modified radi-
cal mastectomy, mastectomy, and breast-conserving surgery 
were not significantly different between the groups (Table 1).

All patients in both groups used compression bandages or gar-
ments. Fourteen patients who were aware of lymphedema sur-
gery underwent physical or occupational therapy, while this was 
the case for seven patients who were not aware of lymphedema 
surgery. Venous circulation improvers and vascular stiffeners 
were used by seven patients who were aware of lymphedema 
surgery and four patients who were not. The treatments previ-
ously received for lymphedema were similar between the two 
groups. All patients underwent breast cancer surgery. Other sur-
gical procedures, including cesarean delivery, laparoscopic ap-
pendectomy, and carpal tunnel surgery, were not directly associ-
ated with the development of lymphedema.

Patients who indicated that they were aware of lymphedema 

surgery completed additional survey questions, and their re-
sponses were assessed (Table 2). Almost half of the patients 
learned about the availability of surgical treatment 1 to 2 years 
after diagnosis (41.2%). Furthermore, they learned about surgi-
cal treatment from their physicians (64.7%), other healthcare 
professionals (26.5%), or the internet (8.8%). Among the pa-
tients who were aware and unaware of lymphedema surgery, the 
time intervals from diagnosis to lymphedema surgery were 1 to 
2 years for 32.3% and 28.6% and 2 to 5 years for 32.3% and 
42.9%, respectively (Table 2). The time interval from diagnosis 
to lymphedema surgery was not significantly different between 
the two groups (P = 0.764).

To compare the ICG lymphography stage at presentation ac-
cording to patients’ awareness of lymphedema surgery, the ADB 
stage and MDACC stage were used. There were significant dif-
ferences in the staging of the two groups for both systems were 

Table 1. Patient demographics

Characteristics Total Aware of lymphedema surgery Unaware of lymphedema surgery P-valuea)

No. of patients 48 34 14

Female sexb) 48 (100.00) 34 (100.00) 14 (100.00)

Age (yr) 55.73±8.91 55.09±8.01 57.29±10.97 0.506

Body mass index (kg/m2)

   Preoperative 24.73±2.72 24.65±2.90 24.92±2.29 0.732

   Postoperative 24.60±2.80 24.56±3.05 24.71±2.18 0.851

Affected limbs 1.000

   Right 21 (43.8) 15 (44.1) 6 (42.9)

   Left 27 (56.2) 19 (55.9) 8 (57.1)

Education 0.953

   Less than high school 5 (10.4) 3 (8.8) 2 (14.3)

   High school graduate 20 (41.7) 14 (41.2) 6 (42.9)

   College graduate 20 (41.7) 15 (44.1) 5 (35.7)

   Postgraduate school 3 (6.2) 2 (5.9) 1 (7.1)

Duration of suffering from lymphedema 0.458

   <6 mo 1 (2.08) 1 (2.94) 0

   6 mo to <1 yr 1 (2.08) 1 (2.94) 0

   1 to <2 yr 9 (18.75) 7 (20.59) 2 (14.29)

   2 to <5 yr 28 (58.33) 21 (61.76) 7 (50.00)

   ≥5 yr 9 (18.75) 4 (11.76) 5 (35.71)

Radiotherapy 1.000

   No 9 (18.75) 6 (17.65) 3 (21.43)

   Yes 39 (81.25) 28 (82.35) 11 (78.57)

Adjuvant or neoadjuvant chemotherapy 0.728

   No 13 (27.08) 10 (29.41) 3 (21.43)

   Yes 35 (72.92) 24 (70.59) 11 (78.57)

Axillary lymph node dissection 1.000

   No 3 (6.25) 2 (5.88) 1 (7.14)

   Yes 45 (93.75) 32 (94.12) 13 (92.86)

Type of surgery 1.000

   Modified radical mastectomy 9 (18.75) 7 (20.59) 2 (14.29)

   Mastectomy 36 (75.00) 25 (73.53) 11 (78.57)

   Breast-conserving surgery 3 (6.25) 2 (5.88) 1 (7.14)

Values are presented as the number (%) or mean±SD. 
a)Wilcoxon rank-sum test for continuous variables and Fisher exact test for categorical variables; b)All patients were female. 
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used (Table 3). Using both the ADB and MDACC staging sys-
tems, the proportion of patients with relatively low stages was 
significantly higher among those who were aware of lymphede-

ma surgery than among those who were not (P = 0.036 and 
P = 0.013, respectively).

The surgical techniques used in both groups were compared 

Table 2. Time interval between diagnosis and awareness of lymphedema surgery and time interval between diagnosis and lymphedema surgery 

Characteristics Aware of lymphedema surgery Unaware of lymphedema surgery P-valuea)

Time interval from diagnosis of lymphedema to awareness of 
lymphedema surgery 

   At the time of diagnosis/before diagnosis 4 (11.8)

   <6 mo 5 (14.7)

   6 mo to <1 yr 4 (11.8)

   1 to <2 yr 14 (41.2)

   2 to <5 yr 5 (14.7)

   ≥5 yr 2 (5.9)

First source of knowledge about lymphedema surgery

   Physician 22 (64.7)

   Healthcare professional 9 (26.5)

   Family/friend 0

   Internet 3 (8.8)

Time interval from diagnosis of lymphedema to surgery for lymphedema 0.764

   <6 mo 4 (11.8) 1 (7.1)

   6 mo to <1 yr 6 (17.6) 1 (7.1)

   1 to <2 yr 11 (32.3) 4 (28.6)

   2 to <5 yr 11 (32.3) 6 (42.9)

   ≥5 yr 2 (5.9) 2 (14.2)

Values are presented as the number (%).
a)Fisher exact test for categorical variables.

Table 3. Relationship between awareness of lymphedema surgery and ICG lymphography severity stage

Total Aware of lymphedema surgery Unaware of lymphedema surgery P-valuea)

Arm dermal backflow stage 0.036

   I 1 (2.1) 1 (2.9) 0

   II 10 (20.8) 9 (26.5) 1 (7.1)

   III 19 (39.6) 16 (47.1) 3 (21.4)

   IV 9 (18.8) 4 (11.8) 5 (35.7)

   V 9 (18.8) 4 (11.8) 5 (35.7)

MD Anderson Cancer Center stage 0.013

   I 2 (4.2) 1 (2.9) 1 (7.1)

   II 13 (27.1) 12 (35.3) 1 (7.1)

   III 22 (45.8) 17 (50.0) 5 (35.7)

   IV 11 (22.9) 4 (11.8) 7 (50.0)

Values are presented as the number (%).
ICG, indocyanine green.
a)The Fisher exact test was performed, P<0.05.

Table 4. Relationships between awareness of lymphedema surgery and surgical techniques

Total Aware of lymphedema surgery Unaware of lymphedema surgery P-valuea)

Surgical technique 0.003

   Physiologic procedure

      L�ymphovenous anastomosis 36 (75.00) 29 (85.29) 7 (50.00)

      V�ascularized lymph node transfer 5 (10.42) 4 (11.76) 1 (7.14)

   Excisional procedure

      P�ower-assisted liposuction 7 (14.58) 1 (2.94) 6 (42.86)

Values are presented as the number (%).
a)Fisher exact test for categorical variables, P<0.05.
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(Table 4), and a significant difference was observed (P = 0.003). 
The overwhelming majority (97.05%) of patients who were 
aware of lymphedema surgery underwent LVA and VLNT, 
while 2.94% of patients underwent liposuction. In contrast, 
42.86% of patients who were not aware of lymphedema surgery 
underwent liposuction, while the remaining 57.14% underwent 
LVA and VLNT.

DISCUSSION

Many risk factors are associated with UEL related to breast can-
cer, which is quite concerning for patients and their healthcare 
providers. Furthermore, the risk factors for lymphedema are 
multifactorial and ambiguous. In this study, the authors aimed 
to assess patient-related risk factors such as age, sex, BMI, and 
the affected limb. The history of treatment procedures, such as 
radiotherapy, adjuvant and neoadjuvant chemotherapy, axillary 
lymph node dissection, extensive breast surgery, and mastecto-
my, which are risk factors for lymphedema, was also assessed 
[14,15]. No statistically significant differences in the distribu-
tions of these risk factors were observed between groups. How-
ever, assessing patients’ lifestyle factors, such as income, occupa-
tion, hand dominance, and excessive use of the affected limb 
[16], which may have additional effects, would have helped im-
prove the demographic data analysis.

Lymphedema severity assessed using ICG lymphography im-
ages was significantly different between groups; however, the 
duration of suffering from lymphedema did not show a statisti-
cally significant difference. Therefore, the criteria for suffering 
and perception of suffering may have been ambiguous and may 
have differed among patients. In this study, patients were in-
structed that suffering referred to the swelling of the upper 
limbs, heaviness, tightness, aching, discomfort, motion restric-
tion, recurring infection, and thickening of the skin. Moreover, 
although statistically insignificant, the proportion of patients 
who experienced suffering for > 5 years because of lymphede-
ma was 35.71% among those who were not aware of lymphede-
ma surgery, which was higher than the proportion observed in 
those who were aware of lymphedema surgery (11.76%). How-
ever, further statistical analyses are necessary to better under-
stand the implications of the finding that patients who were un-
aware of lymphedema surgery experienced suffering for longer 
periods. 

No significant difference was found in the time interval be-
tween the diagnosis of lymphedema and surgery (Table 2). 
However, the percentage of patients who underwent surgery af-
ter 2 years was higher among those who were unaware of 
lymphedema surgery (57.1%) than among those who were 

aware (38.2%). In particular, the percentage of patients who re-
ceived surgery after 5 years was 14.2% among those who were 
unaware of lymphedema surgery and 5.9% among those who 
were aware. The fact that patients who were unaware of lymph-
edema surgery constituted a minority of the sample may help 
explain the lack of statistical significance for this trend. Most pa-
tients were diagnosed based on a clinical evaluation; hence, the 
diagnosis time may have varied between patients depending on 
the physician’s awareness and competence. In addition, patients 
with only edema—that is, lacking other signs and symptoms as-
sociated with lymphedema, such as infection, motion restric-
tion, and tightness—may have delays in visiting the hospital, 
which in turn delays the diagnosis. These circumstances may be 
an obstacle in the statistical analysis. Somewhat fewer than half 
(41.2%) of patients who were aware of lymphedema surgery 
learned about this option 1 to 2 years post-diagnosis, while 
20.6% did so 2 years or more after their diagnosis (Table 2). 
Earlier awareness of the surgical treatment option earlier may 
enable more prompt surgery, thereby reducing the time interval 
between diagnosis and surgery.

We further investigated the reasons for the presentation of pa-
tients who were unaware of surgical treatment for lymphedema. 
Two patients presented to the hospital for wound treatment of 
the affected limbs, five patients presented to the hospital to un-
dergo rehabilitation for lymphedema and treatment consulta-
tion at the department of rehabilitation medicine, and seven pa-
tients who had edema in their arm after breast cancer surgery 
visited the department of general surgery or thoracic surgery 
and were subsequently referred to a plastic surgery specialist by 
a general surgery specialist or a thoracic surgery specialist. All of 
the unaware patients reported that they had not been informed 
about surgical treatment before they visited the tertiary hospital, 
despite undergoing rehabilitation treatment for lymphedema. 
Lymphedema is one of the most devastating complications fol-
lowing surgery for breast cancer [17,18]; however, these find-
ings can be interpreted as indicating that many physicians are 
still unaware of the surgical treatment options available for 
lymphedema. Therefore, information regarding surgical treat-
ment options for lymphedema should be introduced to physi-
cians to provide comprehensive information to their patients.

Compression decongestive therapy is commonly applied in 
minor cases of lymphedema when lymphatic dysfunction is 
seen on ICG lymphography, but edema is not observed clinical-
ly. It is also applied when edema is reversible, as established by 
observing that the swelling decreases when the affected limb is 
elevated. Surgical procedures are commonly performed if no 
improvement is observed after 6 months of compression decon-
gestive therapy. However, in this study, several patients who 
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were aware of surgical treatment mistakenly thought that it was 
the last resort. Therefore, quite a few patients who presented to 
the hospital after the affected limb hardened, after pain was ex-
perienced in the affected limb, or when irreversible edema de-
veloped in the affected limb. Lymphatic dysfunction leads to 
fluid stasis in the interstitial area, which initially causes edema. 
When lymphatic dysfunction causes inflammation, adipose tis-
sue hypertrophy and progressive fibrosis occur. Therefore, it is 
critical to perform physiologic procedures during the early stag-
es of lymphedema when the adipose tissue has not yet become 
fibrotic [19]. Fahradyan et al. [11] reported that introducing 
patients to surgical treatment early during the course of the dis-
ease and informing them of surgical options enabled early dis-
cussions about lymphedema surgery and that such steps had 
positive effects on treatment outcomes and quality of life. Physi-
cians must be informed of the surgical treatment options and 
should be aware that surgical treatment can be performed dur-
ing the early stages of lymphedema; therefore, these options can 
be discussed with patients as early as possible.

Clinical evaluations and physical examinations are helpful 
when diagnosing lymphedema. Nevertheless, as reported by 
Maclellan et al. [20], 25% of patients who were referred to a 
lymphedema specialist did not have true lymphedema; there-
fore, such evaluations may be inaccurate. Objective diagnostic 
imaging modalities, including lymphoscintigraphy, magnetic 
resonance lymphography, and ICG lymphography, are impor-
tant for evaluating lymph function and distinguishing lympho-
genic edema from non-lymphogenic edema. In this study, ICG 
lymphography, which allows for the safe and immediate evalua-
tion of small lymphatic vessels, was used to classify the lymph-
edema severity stage. ICG lymphography is more sensitive for 
detecting early-stage lymphedema, and finer visualization of 
functional superficial lymphatic drainage can be achieved [21]. 
However, ICG lymphography has limitations when used to ex-
amine deep lymphatic vessels. In our study, lymphoscintigraphy 
was performed for all patients at 1 to 2 months after presenta-
tion to the hospital; however, the results did not reflect those 
observed at presentation. Therefore, these results were excluded 
from the study.

The two ICG lymphography stages are generally classified as 
(1) visible superficial lymphatic vessels and dominant dermal 
backflow and (2) reflux of lymph fluid into dermal lymphatics. 
In ADB staging, the stages are classified according to the ex-
tended area of the dermal backflow, while the MDACC staging 
system classifies cases according to the number of patent lym-
phatics. Two-stage ICG lymphography, which was used for this 
study, is a useful method of assessing lymphedema severity. In 
the present study, patients who were aware of lymphedema sur-

gery had significantly lower severity according to both systems 
than those who were unaware of lymphedema surgery. Regard-
ing the overall staging distribution, 50% of the patients who 
were unaware of lymphedema surgery had stage IV lymphede-
ma, while 50% of the patients who were aware of lymphedema 
surgery had stage III lymphedema, indicating that less severe 
lymphedema predominated among those who were aware of 
the surgical treatment option. 

Using the ADB staging system, scoring was performed based 
on the posterior aspect rather than the anterior aspect of the up-
per limb because the posterior aspect depends on gravity more 
than the anterior aspect, thus allowing ICG to spread more 
widely and making the extended area of the dermal backflow 
more visible. Additionally, in our previous study, the lymphos-
cintigraphy severity stage [22] was more positively correlated 
with the ADB stage of the posterior aspect than that of the ante-
rior aspect [23]. Therefore, scoring was performed based on the 
posterior aspect rather than the anterior aspect in this study to 
obtain a more accurate evaluation of dermal backflow.

There is no universally accepted algorithm to guide decision-
making regarding the timing, selection, and possible combina-
tions of the available surgical procedures for lymphedema. In 
this study, patients with high lymphedema severity, as assessed 
by ICG lymphography performed at the time of presentation, 
underwent power-assisted liposuction. Patients with a high 
lymphedema stage included those with ADB stage V, a small 
number of patients with ADB stage IV, a small number of pa-
tients with MDACC stage IV, and patients in whom ICG did 
not move proximally from the injection site. LVA was per-
formed for patients with MDACC stages II and III and for some 
patients with MDACC stage IV whose superficial patent lym-
phatic vessels were identified by ICG lymphography. VLNT 
was considered if a functional lymphatic channel or node was 
not identified with no or mild upper limb fibrosis. However, the 
surgical procedures were partially changed depending on pa-
tients’ clinical symptoms, arm circumference, bioimpedance, 
and radiological imaging results. Patients who were unaware of 
lymphedema surgery had larger circumference differences and 
higher ratios of bioimpedance values between both arms, mean-
ing that this group had more cases of chronic non-pitting 
lymphedema. Therefore, although the lymphography stages 
were terminal in both groups, more patients who were not 
aware of lymphedema surgery had undergone excisional proce-
dures than their counterparts who were aware of surgical treat-
ment options. In addition, all patients received an explanation 
about all lymphedema surgical procedures, and the final surgical 
procedure was selected by the patient. Many patients who were 
aware of lymphedema surgery upon presentation chose physio-
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logic procedures first and proceeded with excisional procedures 
in the event of unsatisfactory effects of the physiologic proce-
dures; however, the patients who were not aware of lymphede-
ma surgery complained of daily discomfort due to the thicken-
ing circumference of their arms and requested an immediate re-
duction in volume. Therefore, most of the patients who were 
initially unaware of lymphedema surgery chose excisional pro-
cedures rather than physiologic procedures. All patients were 
followed up for approximately 6 months to 1 year after surgery; 
if there were no improvements after surgery, liposuction or ad-
ditional LVA and VLNT were considered.

Our study had some limitations. First, the two groups of pa-
tients, defined according to whether they were aware or unaware 
of lymphedema surgery, had unequal numbers of patients, and 
the total sample size was small. Although statistical significance 
may be observed with this sample size, further evaluations in-
volving a larger number of patients are required because only 
one or two patients were distributed in each subgroup. Second, 
the questionnaire used to evaluate the patients’ awareness of 
lymphedema and surgery was not validated; however, our find-
ings are valuable in terms of initiating a discussion about pa-
tients’ awareness of lymphedema surgery and comparing the 
patients’ lymphedema staging and surgical techniques according 
to their awareness of surgical treatment options.

Patients who were aware of surgical treatment presented to the 
hospital during earlier stages of lymphedema. Furthermore, 
these patients were able to actively undergo physiologic proce-
dures such as LVA and VLNT during the early stages of lymph-
edema. Therefore, promptly and actively providing surgical 
treatment education to guide patients may facilitate performing 
physiologic procedures during the early stages of UEL.
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