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Quantitative Lymphoscintigraphy to Predict
the Possibility of Lymphedema Development
After Breast Cancer Surgery: Retrospective
Clinical Study
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Objective To predict the probability of lymphedema development in breast cancer patients in the early post-
operation stage, we investigated the ability of quantitative lymphoscintigraphic assessment.

Methods This retrospective study included 201 patients without lymphedema after unilateral breast cancer
surgery. Lymphoscintigraphy was performed between 4 and 8 weeks after surgery to evaluate the lymphatic system
in the early postoperative stage. Quantitative lymphoscintigraphy was performed using four methods: ratio of
radiopharmaceutical clearance rate of the affected to normal hand; ratio of radioactivity of the affected to normal
hand; ratio of radiopharmaceutical uptake rate of the affected to normal axilla (RUA); and ratio of radioactivity
of the affected to normal axilla (RRA). During a 1-year follow-up, patients with a circumferential interlimb
difference of 2 cm at any measurement location and a 200-mL interlimb volume difference were diagnosed with
lymphedema. We investigated the difference in quantitative lymphoscintigraphic assessment between the non-
lymphedema and lymphedema groups.

Results Quantitative lymphoscintigraphic assessment revealed that the RUA and RRA were significantly lower in
the lymphedema group than in the non-lymphedema group. After adjusting the model for all significant variables
(body mass index, N-stage, T-stage, type of surgery, and type of lymph node surgery), RRA was associated with
lymphedema (odds ratio=0.14; 95% confidence interval, 0.04-0.46; p=0.001).

Conclusion In patients in the early postoperative stage after unilateral breast cancer surgery, quantitative
lymphoscintigraphic assessment can be used to predict the probability of developing lymphedema.
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INTRODUCTION

Lymphedema can be defined as a chronic and progres-
sive pathologic condition of localized protein-rich fluid
accumulation and subcutaneous tissue swelling caused
by an impaired lymphatic system [1]. When lymphatic
drainage is reduced, water and protein accumulate in
local tissues. Secondary lymphedema resulting from an
increase in accumulated water is caused by increased
colloid osmotic pressure. The reported incidence of
secondary lymphedema after breast cancer surgery is
approximately 30% after axillary lymph node dissection
(ALND) and 4%-17% after sentinel lymph node biopsy
(SLNB) [1,2]. Other risk factors for lymphedema are
younger age, high body mass index (BMI), large tumor
size, number of removed lymph nodes (LNs), and the use
of radiation therapy or chemotherapy. Among these, the
greatest risk factors are BMI >25 kg/m? removal of >11
LNs, and use of radiation therapy [3]. However, the most
important factor for lymphedema development is the
lymphatic drainage status, such as lymphatic obstruction
[4].

Once lymphedema has developed, it cannot be com-
pletely cured by surgery or medication [5]. In addition,
the diagnosis of lymphedema in the early stages is dif-
ficult because of the lack of standardized diagnostic cri-
teria. Therefore, the diagnosis and treatment of second-
ary lymphedema after breast cancer surgery are delayed
[6]. If early diagnosis or prediction of lymphedema were
possible, the development of secondary lymphedema
could be avoided or controlled [7]. Therefore, adopting
appropriate preventive measures in patients who have a
high risk for lymphedema is important [8-10]. However,
four large-scale prospective cohort studies did not clearly
reveal the relationship between risk factors and lymph-
edema development [3,11-13]. Therefore, objective and
quantitative tests or parameters are necessary to predict
a high risk for lymphedema development in patients who
have undergone breast cancer surgery.

Lymphoscintigraphy is the primary imaging modality
used to diagnose lymphedema [14-17]. The technique is
a reliable, reproducible, and noninvasive diagnostic tool
for lymphedema without known adverse effects. It evalu-
ates severity by visualizing the lymphatic system, such
as lymphatic channels and regional LNs [18]. Until now,
lymphoscintigraphic findings have generally been sub-
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ject to qualitative interpretations. Qualitative lympho-
scintigraphic analysis helps reveal impairments of the
lymphatic system, such as obstruction of lymphatic flow,
collateral lymphatic flow, dermal backflow, vanished or
reduced LNs, and dilated or no visualized lymphatic sys-
tem [19,20]. Recently, quantitative lymphoscintigraphy
was suggested as being more sensitive than qualitative
lymphoscintigraphy to confirm the diagnosis of lymph-
edema [6]. It may be particularly sensitive in patients
with mild symptoms, which make early diagnosis diffi-
cult.

We hypothesized that lymphoscintigraphy could help
predict ymphedema development in patients in the early
postoperative stage. The aim of this study was to evaluate
whether early quantitative lymphoscintigraphic assess-
ment can predict the probability of lymphedema devel-
opment in patients after breast cancer surgery.

MATERIALS AND METHODS

Patients

The inclusion criteria for this study were (1) women
over the age of 18 years, (2) history of unilateral breast
cancer surgery, (3) no prior clinical diagnosis of lymph-
edema, and (4) clinical follow-up of more than 1 year
after lymphoscintigraphy. The exclusion criteria were (1)
history of bilateral breast cancer, (2) history of bilateral
trauma in the arms, (3) previous chemotherapy or radio-
therapy, (4) previous history or presence of certain co-
morbidities (metastasis, lymphatic disease, or infectious
state of the arm), and (5) systemic edema due to chemo-
therapy.

Clinical and lymphoscintigraphy data were retrospec-
tively obtained from 201 identified patients at the Depart-
ment of Rehabilitation Medicine at Gachon University
Gil Medical Center who had undergone unilateral breast
cancer surgery between July 2013 and November 2016.
Among them, 41 patients developed lymphedema during
a 1-year follow-up after breast cancer surgery, while 160
patients did not. This research was approved by the Insti-
tutional Review Board of Gachon University Gil Medical
Center (No. GCIRB2013-160).

Lymphoscintigraphy protocol
All patients underwent lymphoscintigraphy between 4
and 8 weeks after surgery to evaluate the lymphatic sys-
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tem in the early postoperative stage. Lymphoscintigraphy
was performed at least 4 weeks after surgery to exclude
temporary edema occurring immediately after surgery.
All patients visited the outpatient clinic regularly every 4
weeks for 1 year to confirm the occurrence of lymphede-
ma. We quantitatively analyzed differences in lymphos-
cintigraphy performed in the early postoperative period
between patients with and without lymphedema during
that time.

The radiopharmaceutical was radiolabeled Tc-99m
phytate (500 uCi). After subcutaneous injection of par-
ticles into two sites at the first and second interdigital
spaces of the dorsum of each hand by using a 25-gauge
needle, the patients were immediately encouraged to
perform repeated gripping exercises for 20 minutes to
induce lymphatic flow in the upper limbs. Images of both
hands were acquired 5 and 20 minutes after injection.
Images of the axillae were acquired 30 and 60 minutes af-
ter injection by using a dual-head gamma camera (Sym-
bia; Siemens Healthcare Sector, Erlangen, Germany).

Diagnostic criteria for lymphedema

The circumferences of five areas in the upper extremi-
ties were measured bilaterally using a flexible tape mea-
sure without any pressure applied perpendicular to the
axis of the arm [21]. The upper arm was measured at the
midpoint between the lateral epicondyle of the humerus
and the acromion of the shoulder, and at a point 15 cm
above the lateral epicondyle of the humerus. The elbow
was measured at the lateral epicondyle of the humerus.
The forearm was measured at the midpoint between the
tip of the ulnar styloid process and the lateral epicondyle
of the humerus, and at a point 10 cm below the lateral
epicondyle of the humerus (Fig. 1).

The volume of each upper arm was measured using
plethysmography. Each arm was inserted into the ple-
thysmograph to a point 15 cm above the lateral epicon-
dyle of the humerus.

In all patients, the circumferences and volume were
initially measured before lymphoscintigraphy. The mea-
surements were repeated every 4 weeks for at least 1 year
after the initial measurement. The measurements were
blindly evaluated in consensus by two rehabilitation
nurses trained to perform the circumferential and vol-
ume measurements, whose mean values were obtained
for accuracy. Lymphedema was diagnosed when the
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Fig. 1. Points for objective circumference measurements
to diagnose lymphedema, as suggested by Starritt et al.
[21]. MP, midpoint between the lateral epicondyle of the
humerus and the acromion of the shoulder; C-15, 15 cm
above the lateral epicondyle of the humerus; F-MP, mid-
point between the ulnar styloid process and the lateral
epicondyle of the humerus; C-10, 10 cm below the lateral
epicondyle of the humerus; A, acromion; B, lateral epi-
condyle; C, ulnar styloid process.

circumferential interlimb difference at any location was
>2 cm and the interlimb volume difference was >200 mL
compared to the previous measurements.

Regions of interest and quantitative lymphoscintigraphic
assessment

Regions of interest (ROIs) were drawn on both hands
with circular boundaries of the same size to cover radio-
pharmaceutical uptake areas at the injection sites. Im-
ages were acquired 5 and 20 minutes after injection to
compare the calculated clearance rate from the injection
site (Fig. 2). The clearance rate from the injection site was
obtained using the following equation [6]:

(11Sx0.97)-LIS

1 =
Clearance rate 1Sx0.97 :

where IIS is the initial uptake at the injection site at 5
minutes after injection, LIS is the late uptake at the in-
jection site at 20 minutes after injection, and 0.97 is the
technetium correction factor.

Counts from the total amount remaining at the injec-
tion site were determined from the images acquired 20
minutes after injection. Subsequently, the ratio of ra-
dioactivity of the affected to normal hand (RRH) in the
ROI of the injection site was calculated. As the absolute
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RT RT

Fig. 2. Typical images of qualita-
tive lymphoscintigraphy of the
upper arms of a patient after
breast cancer surgery. The images
were acquired approximately 5
‘ minutes (A) and 20 minutes (B)

after injection and used to calcu-
late the clearance rate from the

injection site.

RT

®

RT

Fig. 3. Typical images of qualitative lymphoscintigraphy of the upper arms of a patient after breast cancer surgery. The
images were acquired approximately 30 minutes (A) and 60 minutes (B) after injection and used to calculate the up-

take rate of the axillary nodes. RT, right; LT, left.

remaining amount varied for each individual, we com-
pared the ratio of radioactivity of the affected and normal
sides [6].

Symmetrical ROIs were placed over the axillae on each
lymphoscintigram acquired approximately 30 and 60
minutes after injection to calculate the uptake rate of the
axillary nodes (Fig. 3). Then, the ratio of radiopharma-
ceutical uptake rate of the affected to normal axilla (RUA)
was calculated. The uptake rate of the axillary nodes was
obtained using the following equation [6]:

Late axillary node uptake
11Sx0.89 ’

Uptake rate=
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where IIS is the initial uptake at the injection site and 0.89
is the technetium correction factor.

The total absorbed amount in the axillary nodes was
also determined from the image acquired 60 minutes
after injection. Finally, the ratio of radioactivity of the af-
fected to normal axilla (RRA) in the axillary ROIs was cal-
culated. Quantitative lymphoscintigraphic analysis was
performed in patients who received SLNB and patients
who received ALND, and analyzed in all patients.

Statistical analyses
All statistical analyses were performed using IBM SPSS
Statistics for Windows ver. 21.0 (IBM Corp., Armonk,
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Table 1. Characteristics of patients with and without lymphedema after breast cancer surgery

Non-lymphedema (n=160) Lymphedema (n=41) p-value
Age (yr) 54.21+10.08 53.56+9.03 0.707
BMI (kg/m?) 23.33+3.01 25.88+3.98 <0.001*
Location of tumor
Right 81 (50.6) 17 (41.5) 0.295
Left 79 (49.4) 24 (58.5)
Stage
I 19 (11.9) 3(7.3) 0.058
11 58 (36.3) 10 (24.4)
11 65 (40.6) 17 (41.5)
1A% 18 (11.3) 11 (26.8)
N-stage
NO 113 (70.6) 25 (61.0) 0.023*
N1 32 (20.0) 7(17.1)
N2 12 (7.5) 4(9.8)
N3 3(1.9) 5(12.2)
T-stage
TO 19 (11.9) 3(7.3) 0.002*
T1 70 (43.8) 12 (29.3)
T2 61 (38.1) 16 (39.0)
T3 8 (5.0) 10 (24.4)
T4 2(1.3) 0(0.0)
Radiation therapy
Yes 123 (76.9) 31 (75.6) 0.864
No 37(23.1) 10 (24.4)
Chemotherapy
Yes 88 (55.0) 26 (63.4) 0.332
No 72 (45.0) 15 (36.6)
Type of surgery
BCS 134 (83.8) 25 (61.0) 0.004*
™ 9 (5.6) 4(9.8)
MRM 17 (10.6) 12 (29.3)
Type of lymph node surgery
SLNB 113 (70.6) 21(51.2) 0.019*
ALND 47 (29.4) 20 (48.8)
Number of removed lymph nodes
SLNB 3.87+1.96 4.00+1.87 0.775
ALND 19.77+9.87 18.25+6.94 0.535
SLNB and ALND 8.99+9.24 11.32+8.68 0.717

Values are presented as meantstandard deviation or number (%).
BMI, body mass index; BCS, breast-conserving surgery; TM, total mastectomy; MRM, modified radical mastectomy;
SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection.
*
p<0.05.
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NY, USA). An independent t-test and a chi-square test
were used to compare the general characteristics of the
patients and lymphoscintigraphic findings between pa-
tients with and without lymphedema. Independent t-
tests were used to confirm statistical differences between
the lymphedema and non-lymphedema groups in age,
BMI, and number of removed LNs. A chi-square test was
used to assess the correlations between tumor location,
breast cancer stage, radiation therapy, chemotherapy,
type of surgery, type of LN surgery, and lymphedema
development. After the analysis, all predefined vari-
ables were included in a multivariate logistic regression
analysis by using a forward selection procedure to iden-
tify the independent risk factors for lymphedema. The
predefined variables were age, BMI, location of tumor,
stage, N-stage, T-stage, radiation therapy, chemotherapy,
type of surgery, type of LN surgery, number of removed
LNs, the ratio of radiopharmaceutical clearance rate of
the affected to normal hand (RCH), RRH, RUA, and RRA.
Forward selection began with a model that contained the
most important variables in the initial analysis; variables
were continuously added until none of the remaining
variables were significant when added to the model. The
odds ratio (OR) and 95% confidence interval (CI) were
calculated for every variable; a p-value <0.05 was consid-
ered significant.

RESULTS

General characteristics

In total, 468 patients underwent breast cancer surgery
between July 2013 and November 2016. Of these, 201 pa-
tients did not meet the inclusion criteria and 267 patients
did. Of the latter, 204 patients agreed to participate, and
201 visited the outpatient clinic over 1 year. Three pa-
tients dropped out. Finally, 201 patients who had under-
gone breast cancer surgery were included.

All patients were women (mean age, 54.1+9.8 years).
Forty one had been diagnosed with secondary lymph-
edema within 1 year after surgery. No statistically sig-
nificant differences were found in age, location of tumor,
stage, radiotherapy or chemotherapy use, and number of
removed LNs. In contrast, there were significant differ-
ences in BMI, N-stage, T-stage, type of surgery, and type
of LN surgery (Table 1).
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Table 2. Scintigraphic quantitative analysis

Patients with SLNB and ALND

Non-lymphedema Lymphedema

Patients with ALND

Non-lymphedema Lymphedema

Patients with SLNB

Non-lymphedema Lymphedema

p-value

=41)

(n
0.463+1.990

(n=160)
0.177+8.050

p-value

=20)

(n
0.938+0.676

=47)
1.714+13.980
1.017+0.126
0.958+0.363
0.967+0.370

(n

p-value

=21)

(n
0.011+2.660
1.006+0.136
0.716x0.272
0.708+0.262

(n=113)
0.468+3.220

0.617

0.402

0.541

RCH
R

0.620
<0.001*
<0.001*

1.006+0.115
0.720+0.256
0.718+0.251

1.019+0.157
0.922+0.419
0.932+0.422

0.742

1.006+0.093
0.656+0.246
0.662+0.246

0.717

1.020+0.168
0.907+0.443
0.918+0.445

RH

0.001*
0.001*

0.029*
0.020*

Values are presented as meantstandard deviation.

RUA

RRA

SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; RCH, ratio of radiopharmaceutical clearance rate of the affected to normal

hand; RRH, ratio of radioactivity of the affected to normal hand; RUA, ratio of radiopharmaceutical uptake rate of the affected to normal axilla; RRA,

ratio of radioactivity of the affected to normal axilla.

*p<0.05.
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Correlation between quantitative lymphoscintigraphic
assessment and lymphedema development

In patients who received SLNB, RUA was significantly
lower in patients with lymphedema (0.736+0.272) than
in those without (0.907+0.443; p=0.029). RRA was signifi-
cantly lower in patients with lymphedema (0.728+0.262)
than in those without (0.918+0.445; p=0.020) on lympho-
scintigrams acquired 60 minutes after injection (Table 2).

Similar results were obtained in patients who re-
ceived ALND. RUAs were 0.676+0.246 and 0.958+0.363
in patients with and without lymphedema, respectively
(p=0.001). RRAs were 0.672+0.246 and 0.967%0.370 in
patients with and without lymphedema, respectively
(p=0.001) (Table 2).

The significance increased when all patients were

Table 3. Multivariate stepwise logistic regression analy-
sis of variables associated with lymphedema after breast
cancer surgery

Variable OR (95% CI) p-value
BMI 1.29(1.14-1.46) <0.001*
Type of surgery

MRM 7.96 (2.81-22.53) <0.001*
RRA 0.14 (0.04-0.46) <0.001*

OR, odds ratio; CI, confidence interval; BMI, body mass
index; MRM, modified radical mastectomy; RRA, ratio of
radioactivity of the affected to normal axilla.

*p<0.05.

®

1.2 1
00 *
1.0 ..... v
0..s L 4 A
0.8 ——— 3 A
o® P'S —adA v
S 061 °& A
x ° A
v
0.4 .
.’ . I
0.2 *
v
0.0 T T T T T 1
2.0 2.5 3.0 3.5 4.0

Difference of circumference (cm)

analyzed. RUAs were 0.720+0.256 and 0.922+0.419 for
patients with and without lymphedema, respectively
(p<0.001). RRAs were 0.718+0.251 and 0.932+0.422 in
patients with and without lymphedema, respectively
(p<0.001) (Table 2).

BM]I, type of surgery, and RRA were confirmed as inde-
pendent risk factors for lymphedema development after
multivariate logistic regression analysis using a forward
selection procedure. Among quantitative lymphoscin-
tigraphic assessment, RRA was associated with lymph-
edema (OR=0.14; 95% CI, 0.04-0.46; p<0.001) (Table 3).

Correlation between quantitative lymphoscintigraphy
and maximum circumference difference

The relationship between the RUA and maximum cir-
cumference difference between the upper arms in pa-
tients with lymphedema was not statistically significant
but showed an inverse correlation (p=0.19). The rela-
tionship between the RRA and maximum circumference
difference showed similar results (p=0.18). The inverse
correlation was not statistically significant, but a similar
result was obtained in the volume analysis (Fig. 4).

DISCUSSION
To our knowledge, this is the first study to evaluate the

usefulness of early lymphoscintigraphy after breast can-
cer surgery for predicting the probability of lymphedema
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Fig. 4. Correlation between quantitative lymphoscintigraphy analysis and difference in circumference. The maximum
circumference difference between the upper arms of patients with lymphedema show a significant inverse correlation
with the RUA (A) and the RRA (B). RUA, ratio of radiopharmaceutical uptake rate of the affected to normal axilla; RRA,

ratio of radioactivity of the affected to normal axilla.
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development. Our results suggest that quantitative lym-
phoscintigraphic analysis, especially RRA, correlated
with the probability of lymphedema development. Early
lymphoscintigraphic evaluation of lymphatics after breast
cancer surgery can help formulate preventative manage-
ment and follow-up plans, and potentially improve long-
term outcomes.

Many studies have investigated the medical and demo-
graphic risk factors for lymphedema after breast cancer
treatment. Among them, ALND is the most recognized
risk factor [22]. Previous studies have also reported other
risk factors, such as the number of nodes involved in the
cancer, radiotherapy administered to the axilla, supra-
clavicular nodes, and increased body weight [23-25]. The
relationship between the risk of lymphedema and the
number of nodes removed is still debatable [26]. Previous
studies have reported that the number of removed LNs
increases the risk of lymphedema [27-29]. In contrast,
other retrospective studies have reported the number
of removed nodes was not significantly associated with
lymphedema [30,31]. The risk of lymphedema is more
related to the magnitude of lymphatic destruction and
an individual patient’s ability to re-establish collateral
lymphatic circulation than to the number of removed
LNs. Therefore, the number of removed LNs alone may
not be sufficient to determine the risk of lymphedema
[26]. Moreover, the relationship between lymphedema
and chemotherapy remains unproven and controversial,
with some studies reporting a relationship [12,13,22] and
other studies reporting no clear relationship [32-34]. It
is unclear whether chemotherapy is directly associated
with lymphedema because chemotherapy is associated
with a higher cancer stage. No statistically significant
correlation was observed between chemotherapy and
lymphedema development. In this study, all the patients
treated using chemotherapy received it postoperatively
and not preoperatively.

These known risk factors do not accurately predict the
probability of lymphedema development [22]. Wang et al.
[35] suggested a scoring system comprised of five patho-
logical factors to predict arm lymphedema risk: level of
ALND, radiotherapy, surgical infection/seroma/early
edema, history of hypertension, and surgery of the domi-
nant arm. As these risk factors have a combined impact
on lymphedema development rather than independent
impacts, it is important to evaluate lymphatic function
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rather than assess each risk factor. Furthermore, this
study highlights the importance of quantifying lymphatic
function for assessing lymphedema development.

Lymphoscintigraphy has become the standard for eval-
uating lymphedema [14-17]. Lymphoscintigraphy offers
an objective and reliable approach for diagnosing and
identifying the severity of lymphedema by visualizing an
impaired lymphatic system. However, these abnormal
findings are not always present in patients with lymph-
edema and may be overlooked during qualitative inter-
pretation [6]. The quantitative analysis of lymphoscin-
tigraphy has the advantage of detecting subtle changes
in the lymphatic system that may be overlooked during
qualitative analysis. These subtle changes may cause
lymphedema over time.

Recently, many studies have used quantitative analysis
of lymphoscintigraphy to diagnose lymphedema. Dalia
et al. [6] suggested that quantitative lymphoscintigraphic
analysis might be a sensitive technique for diagnos-
ing lymphedema in normal patients or those with mild
symptoms. Carena et al. [36] reported that quantitative
lymphoscintigraphy is an effective indicator of early
changes in lymphatic pathophysiology and revealed that
lymphedema generally develops after predisposing lym-
phatic pathophysiology. Other studies have reported that
the mean transit time of tracer can reliably discriminate
between the presence and absence of lymphedema and
that it is associated with disease severity [37,38].

Our study showed that lymphoscintigraphy can be used
as a diagnostic as well as prognostic tool for lymphede-
ma. The RCH and RRH measured at the hand were not
significantly different between patients with and without
lymphedema, but the RUA and RRA measured at the ax-
illa were statistically significant. Presently, inguinal node
uptake was significantly different between patients with
and without lymphedema, but without a significant dif-
ference in the clearance rate from the injection site of the
foot [6]. The following are the possible reasons for these
observations. First, the clearance rate from the injection
site is relatively rapid. Therefore, the clearance rate from
the distal part could not reveal the clinical status of the
entire limb in cases of minor or focal lymphatic system
changes [39]. Second, the disturbance of lymphatic flow
is the main cause of lymphedema and the lymphatic sys-
tem in the axillary area is directly damaged during breast
cancer surgery. Hence, the uptake rate in the axillary
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area could be disturbed earlier than is the clearance rate
change in the hand area.

Using the predictive factors of quantitative lymphos-
cintigraphic analysis, such as lower RRA, clinicians could
plan a short-term follow-up schedule to evaluate the
possibility of developing secondary lymphedema. These
results have important clinical implications in prevent-
ing lymphedema, which is a chronic and difficult-to-cure
disease. In addition, clinicians could strongly encourage
such patients to consider the need for short-term follow-
up and more careful preventive management.

This study has several limitations. First, there was a se-
lection bias because of the single-center design. Second,
the number of patients with lymphedema was small;
hence, the relationship between quantitative lympho-
scintigraphic analysis and maximum circumference
difference may not be statistically significant. Further
studies should include a larger number of patients with
lymphedema after breast cancer surgery. Third, because
of the possibility of developing lymphedema after a long
period, longer follow-up periods are warranted to ana-
lyze the long-term relationship between quantitative
lymphoscintigraphic assessment and lymphedema de-
velopment. Fourth, we confirmed that the RUA and RRA
were predictive indicators of lymphedema, but we could
not find accurate cut-off levels for the RUA and RRA for
predicting lymphedema development. We plan to fur-
ther investigate the cut-off levels of predictive indicators
such as the RUA and RRA depending on the method of
Ilymph node resection. Finally, patient characteristics
(e.g., physical activity or subjective symptoms) that could
affect lymphedema development were not considered;
analyzing these variables will strengthen future research
findings.

In conclusion, our results suggest that early lymphos-
cintigraphy after breast cancer surgery may be useful in
predicting lymphedema development. RRA was associ-
ated with the probability of developing lymphedema. We
suggest that early lymphoscintigraphy after breast can-
cer surgery is important for evaluating the potential for
lymphedema development and formulating therapeutic
and follow-up plans.
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