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Abstract

Lymphoedema is a complication of breast cancer treatment. Its early diagnosis is related 
to a good prognosis for lymphoedema treatment. The bioimpedance spectroscopy (BIS) 
evaluates changes in extracellular fluid. The objective of our study was to evaluate the 
validity, agreement and accuracy of BIS in the diagnosis of breast cancer-related lymph-
oedema in a Brazilian population. 

Methods: This is a prospective, cross-sectional study of a convenience sample of 462 
women who underwent surgical treatment for breast cancer (mastectomy or breast-con-
serving treatment). The validity, agreement and accuracy were performed comparing BIS 
(lymphoedema index (L-DEX) ≥ 6.5 or 10) with volumetry by water displacement, which 
is the gold standard for evaluating lymphoedema. Receiver operating characteristic curve 
was performed. Additionally, other methods like perimetry and indirect volumetry of the 
upper limbs were compared with water displacement volumetry (direct volumetry), and 
the BIS were compared with subjective evaluation.

Results: Considering L-DEX ≥ 10 the sensitivity of the BIS was 44.1%, specificity 95.4%, 
positive predictive value (PPV) was 70.7%, negative predictive value (NPV) was 87% and 
kappa was 0.459. The BIS with L-DEX ≥ 6.5, the sensitivity, specificity, PPV, NPV and 
kappa were 57%, 88.5%, 55.8%, 89% and 0.452, respectively. Area under curve was 
0.724 and a possible cut-off point of L-DEX ≥ 7.35 with sensitivity of 57%, specificity of 
90.7% and kappa value = 0.489.

Conclusion: Although BIS was significantly associated with the subjective evaluation of 
lymphoedema, it showed low sensitivity and agreement and moderate correlation when 
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used as a method for diagnosing the condition. Thus, it is not the most valid method for evaluating lymphoedema. In addition, it was not 
the most accurate method when compared with other objective evaluation tools. Public health resources are scarce and must be used 
consciously. The knowledge that BIS is not a more accurate method than other, lower-cost instruments allows for better targeting of these 
resources.

Keywords: breast neoplasm, lymphoedema, diagnosis, biolectric impedance, ROC curve

Background

Upper limb lymphoedema secondary to breast cancer treatment is a disabling, chronic and incurable sequelae caused by lymphatic insuf-
ficiency. Its incidence, at 12 months, is approximately 3% in patients who undergo sentinel lymph node (SLN) biopsy and 20% in patients 
who undergo axillary lymphadenectomy [1, 2]. Breast cancer-related lymphoedema (BCRL) is a time dependent event [3] and its prevalence 
ranges from 6% to 49%, and the cumulative incidence over 10 years is 41.1% [1, 2]. The main factors associated with the risk of lymph-
oedema secondary to breast cancer are axillary lymphadenectomy, radiotherapy in the drainage chain, including the supraclavicular fossa, 
mastectomy, presence of affected lymph nodes, body mass index (BMI), trauma and infection in the arm [3]. 

The clinical diagnosis of BCRL is based on the report of a patient who often complains of a swollen arm, weight gain and difficulty moving; 
however, 18% of patients with BCRL are asymptomatic [4]. The diagnosis can be complemented by different objective methodologies, such 
as volumetry, perimetry, perometry and bioimpedance spectroscopy (BIS) of the upper limb [4].

Volumetry, considered the gold standard for the evaluation of lymphoedema, can be assessed directly by water displacement (Archimedes 
principle), that is, the volume of water displaced is equal to the volume of the submerged object [5]. Another way of assessing lymphoedema 
by volumetry is indirectly by the frustum formula. Assuming that the upper limb can be approximated as a cone, the volume can be calculated, 
and one side can be compared with the other, thus measuring the difference in volume between them. Using the formula of a cylindrical 
cone [V = h (C1

2 + C1C2 + C2
2) / 12π] [6, 7] and evaluating 10 points, best accuracy was associated with 96.7 mL [8]. Lymphoedema is also 

defined as a difference in circumference of the affected arm ≥2 cm compared to the unaffected side at one or more points [9, 10]. Another 
way to evaluate the volume of the limb is the perometer, a device that calculates the volume of the limb by means of infrared lamps inserted 
in a square frame. This optical scanner is moved along the extended limb, and the limb’s volume is calculated using the shadows of the limb 
projected on this frame [11]. According to Levenhagen et al [12], its diagnostic property is not superior to other forms of evaluation, and the 
device is expensive, difficult to acquire and bulky.

The BIS measures the resistance of the extracellular fluid to the flow of an electric current through the tissues of the body, generating a score 
called the lymphoedema index (L-DEX). L-DEX is the ratio of the impedance of the extracellular fluid of the unaffected limb to that of the 
affected limb. The greater the volume of extracellular fluid, the lower the impedance to current flow and consequently the higher the L-DEX; 
thus, it has been used in the early detection of lymphoedema and monitoring of sequelae [13–15]. 

Comparing the multiple methods, the tape measure is the easiest method, and volumetry is the most reliable method, but it is necessary to 
build an adapted container, as proposed by Lette [16]. In the frustum method, several measurements of the limb are needed, associated with 
the use of formulas calculated using programs or a preconfigured spreadsheet [17]. Bioimpedance spectroscopic analysis is considered the 
most accurate method [13, 14], but it is associated with high costs.

Other equipment or imaging methods have also been considered in the characterisation of lymphoedema, such as computed tomography, 
magnetic resonance imaging, lymphoscintigraphy and tonometry. However, due to a lack of evidence, high costs or invasiveness, these tests 
are not recommended in clinical practice [12]. Lymphoscintigraphy is also considered an accurate gold standard, but it is not available for 
routine screening due to logistics and cost concerns [18].

It is important that the diagnosis of BCRL be performed as soon as possible since it is directly related to the success of the treatment of 
lymphoedema, since the disease has negative impacts on patient functionality and quality of life. The bioimpedance spectroscopic is a device 
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that is being studied for the evaluation of lymphoedema, as it evaluates changes in extracellular fluid. To date, no studies have evaluated the 
validity of the BIS as a tool for assessing lymphoedema in the Brazilian population who have undergone treatment for breast cancer.

The objective of our study was to evaluate the validity, agreement and accuracy of BIS in the diagnosis of BCRL in a Brazilian population, 
comparing it with water displacement volumetry (direct volumetry).

Materials and methods

This is a prospective, cross-sectional study of a convenience sample of 462 women who underwent surgical treatment for breast cancer 
(mastectomy or breast-conserving treatment) at the Women’s Outpatient Clinic of the Barretos Cancer Hospital (HCB) – Pio XII Foundation, 
from May 2015 to January 2021. 

The inclusion criteria for participation in the study were as follows: previous surgical treatment of the breast; surgical treatment of the axilla, 
i.e., axillary lymphadenectomy or SLN biopsy; completion of radiotherapy in a period equal to or greater than 12 months; and an Eastern 
Cooperative Oncology Group score of 0 and 1. Participants were not included if they had metastatic disease, bilateral breast cancer, lymph-
oedema involving large volumes (circumference greater than 47.5 cm) that prevented evaluation with direct volumetry, or cardiac implants 
(pacemaker or defibrillator), were undergoing chemotherapy, or were pregnant.

The present study was approved by the Research Ethics Committee of the Pio XII Foundation – HCB and is registered under number 782/2014 
and CAAE 28140214.1.0000.5437. All patients were included in the study only after acceptance of and signing an informed consent form.

Sample 

The incidence of BCRL is approximately 3% in patients who undergo SLN biopsy and 20% in patients who undergo axillary lymphadenec-
tomy [2]. To reduce sampling bias, patients were selected at a ratio of one SLN biopsy for every three lymphadenectomies. The sample size 
was calculated according to the sensitivity and specificity of BIS in the detection of lymphoedema, according to the expressions suggested 
by Buderer [19], and performed using the online calculator available at https://wnarifin.github.io/ssc/sssnsp.html, accessed on 03/02/22.

For that calculation, the expected sensitivity (50.8%) and specificity (94%) values and prevalence of lymphoedema (21.3%) obtained in an 
interim sample were considered. A confidence level of 95% was also assumed for the confidence interval with a precision of ±2%, thus yield-
ing a sample size of 461 participants.

Assessment instruments

The participants underwent lymphoedema evaluation by BIS, volumetry, perimetry and self-report. Water displacement volumetry (direct 
volumetry) is the method adopted as the gold standard. In addition, sociodemographic data (age, weight, height, education and dominant 
limb) clinical data (date of initiation of treatment, pathological diagnosis, type of breast surgery, type of axillary surgery, data on radiotherapy 
and treated side) were collected. Weight in kilograms (kg) and height in metres (m) were obtained to calculate the BMI according to the for-
mula: BMI = weight / (height × height). 

Bioimpedance spectroscopy

BIS was performed using an ImpediMed U400 device (Figure 1a) following the manufacturer’s guidelines: the examination was conducted at 
least 12 hours after physical activity, 2 hours after caffeine ingestion and after the patient had emptied her bladder.

The patient was instructed to remove metal accessories and shoes and then lie down in the supine position on a stretcher. The electrodes 
were placed on the dorsum of the hands and right foot (Figure 1b) after the sites were cleaned with gauze moistened with 70% alcohol. 
Subsequently, bioimpedance measurements were performed. Lymphoedema was considered if L-DEX ≥ 10 [20] or L-DEX ≥ 6.5 [21, 22] 
(Figure 1c).
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Perimetry

Perimetry was performed using an inelastic tape measure. The patient was placed in a sitting position with the upper limb being measured in 
shoulder flexion at 90° [23]. Circumference was measured using a tape measure, and measurements were taken every 5 cm, starting at the 
cubital fossa in both arms, until reaching the axillary line and ulnar styloid process as closely as possible. A difference of 2 cm between the cir-
cumference of the treated limb and the untreated limb in at least one of the measurements was considered indicative of lymphoedema [24].

Direct volumetry

Equipment manufactured by the Department of Clinical Engineering of the HCB, according to the instructions proposed by Lette [16], was 
used to evaluate the volume of the upper limbs by water displacement. With the patient positioned next to the equipment, she was asked 
to lower her arm at low speed up to the last marking made on her arm during perimetry, then to repeat the same procedure with the other 
limb. The water displaced by each arm was recorded using a millimetre-scale Becker container. Lymphoedema was defined as a difference in 
volume between the treated limb and the contralateral limb ≥200 mL [20, 22]. 

Indirect volumetry

To calculate the indirect volume, the cylindrical frustum formula [VHR = h (C1
2 + C1C2 + C2

2) / 12π] was used. This formula uses the circumfer-
ences measured at two points (C1 and C2) and the distance (h) between these two points to estimate the volume of the segment. In the pres-
ent study, the circumference measurements were taken every 5 cm, the same as the circumference measurements for perimetry. The limb 
volume is the sum of the volume of each segment. 

Although we observed that 200 mL volumetry represents 96.7 mL [8] related to cylindrical frustum, we used current literature for compari-
son, which considers the difference of volume of 200 mL [20, 22] or 10% (volume of the affected limb/volume of the contralateral limb) [23]. 

Subjective evaluation

The subjective evaluation of lymphoedema by the patient was performed using three questions of the Breast Cancer Treatment Outcome Scale 
(BCTOS) questionnaire that refers to the domain of lymphoedema. The BCTOS evaluates the functional and cosmetic results after conserva-
tive breast cancer treatment. The questions regard the sensation of heaviness in the arm, swelling of the arm and adjustment of the sleeves of 
shirts. Patients are asked to compare the treated side with the contralateral side and graded the difference from 1 to 4, where 1 corresponds 
to no difference, 2 to slight difference, 3 to moderate difference and 4 to great difference [25]. Lymphoedema was considered to be any 
sensation of difference, whether slight, moderate or large.

Figure 1. Bioimpedance spectroscopic. (a): Bioimpedance spectroscopic device ImpediMed, model U400. (b): Demonstration of the positioning of the 
electrodes on the hands and feet. (c): Demonstration of the spectroscopic bioimpedance analysis with the L-DEX value.
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Statistical analysis

The study population was characterised using descriptive statistics, that is, the mean, standard deviation, minimum and maximum for quan-
titative variables and frequency for qualitative variables.

To evaluate the association of sociodemographic variables and clinical data with lymphoedema assessed by direct volumetry was used 
Pearson's chi-square test and for the variables that presented p < 0.1, multivariate logistic regression analysis was performed, with Wald's 
chi-square test considering p-value < 0.05, odds ratio (OR) and 95% confidence interval (CI 95%).

For assessing the validity of BIS and other lymphoedema evaluation methods (indirect volumetry and perimetry), sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive value (NPV) were calculated through comparison with direct volumetry (gold standard). 
To assess agreement, the kappa statistic was calculated. 

The receiver operating characteristic (ROC) curve and the corresponding cut-off point (the point yielding the highest sensitivity and kappa 
values) were plotted.

To verify normality, the Kolmogorov‒Smirnov test was used. None of the data from the present sample conformed to a normal distribution. 
To analyse the bivariate correlation between BIS and direct volumetry, the nonparametric Spearman correlation coefficient and intraclass 
correlation coefficient (ICC) were used. 

The methods were compared using the area under the curve (AUC), in which an AUC equal to 1 indicates perfect sensitivity and specificity, 
whereas an AUC = 0.5 indicates poor sensitivity and specificity [26]. AUCs were compared according to their confidence intervals. If the 
intervals did not overlap, there was a significant difference between the curves.

Pearson's chi-square test was used to assess the association BIS with the subjective assessments and BMI; and direct volumetry, indirect 
volumetry, perimetry and BIS with BMI.

IBM SPSS software® v.25 was used for all calculations except for the comparison of the ROC curves, which was performed with Stata soft-
ware v.14.0. The significance level considered was 5%.

Results

Sociodemographic and clinical characteristics

The population of this study consisted of 462 women. The mean age of the participants was 57 years (SD ± 9; minimum 25, maximum 87). 
Slightly more than a third had incomplete primary education (38.5%) or were obese with a BMI ≥ 30 (33.4%), and the majority were right-
handed (96.1%). Half had breast cancer on the right side, as shown in Table 1.

Regarding the characteristics of breast cancer and its treatment, 392 (89.5%) participants had invasive ductal carcinoma, 373 (81.3%) under-
went quadrantectomy, 265 (57.7%) underwent axillary lymphadenectomy and 88 (19.2%) underwent SLN biopsy that progressed to lymph-
adenectomy, for a total of 353 lymphadenectomies (76.9%). Most patients did not undergo radiotherapy to the supraclavicular fossa. There 
was a statistically significant association between lymphoedema and the clinical variables BMI, armpit surgery and supraclavicular radio-
therapy, as shown in Table 1. 

A multivariate analysis was performed with the variables BMI and armpit surgery. In the BMI classification into underweight, normal, over-
weight and obese there was no significance, however, when classified into obese and non-obese, obese patients have a 2.32-fold increased 
risk of developing lymphoedema. In relation to armpit surgery, performing lymphadenetomy increases the chance of having lymphoedema 
by 7.77 times, as shown in Table 2.
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Table 1. Sociodemographic factors and clinical data and the association with lymphoedema diagnosed by water displacement volumetry.

Variable Category N %
Lymphoedema

p-valuePositive 
N (%)

Negative
N (%)

Education Illiterate 13 2.8 2 (18.2) 9 (81.8) 0.456

Incomplete elementary school 178 38.5 28 (22.8) 95 (77.2)

Completed first degree 80 17.3 28 (23.1) 93 (76.9)

High school 114 24.7 11 (13.3) 72 (86.7)

Higher education 77 16.7 24 (19.8) 97 (80.2)

BMI Underweight (<18.5) 6 1.3 0 (0) 6 (100) 0.001

Normal (18.5–24.9) 125 27.3 14 (11.25) 111 (88.8)

Overweight (25–29.9) 174 38.0 32 (18.4) 142 (81.6)

Obese 153 33.4 47 (30.7) 106 (69.3)

Limb at risk Right 231 50 54 (23.5) 176 (76.5) 0.104

Left 231 50 39 (17) 190 (83)

Dominant limb Right 441 96.1 87 (19.7) 354 (80.3) 0.225

Left 18 3.9 6 (33.3) 12 (66.7)

Histology DCIS 25 5.7 4 (16) 21 (84) 0.444

Invasive ductal carcinoma 392 89.5 77 (19.6) 315 (80.4)

Invasive lobular carcinoma 17 3.9 4 (23.5) 13 (76.5)

Other 4 0.9 2 (50) 2 (50)

Type of breast Quadrantectomy 373 81.3 73 (19.6) 300 (80.4) 0.520*

surgery Radical or modified mastectomy 62 13.5 14 (22.6) 48 (77.4)

Skin or nipple-sparing mastectomy 11 2.4 3 (27.3) 8 (72.7)

Simple mastectomy 9 1.9 1 (11.1) 8 (88.9)

Other 4 0.9 2 (50) 2 (50)

Armpit surgery SLN biopsy 106 23.1 4 (3.8) 102 (96.2) <0.001

SLN biopsy + lymphadenectomy 88 19.2 20 (22.7) 68 (77.3)

Lymphadenectomy 265 57.7 69 (26) 196 (74)

Boost radiotherapy Performed 309 67.6 25 (16.9) 123 (83.1) 0.217

Not performed 148 32.4 68 (22) 241 (78)

Supraclavicular 
radiotherapy

Performed 172 37.6 48 (16.8) 237 (83.2) 0.022

Not performed 285 62.4 45 (26.2) 127 (73.8)

BMI = Body mass index; DCIS = ductal carcinoma in situ; SLN = sentinel lymph node
*For this analysis, the SLN biopsy + lymphadenectomy groups were grouped with the lymphadenectomy alone group

Evaluation of lymphoedema

Three participants did not undergo direct volumetry because they had injuries in the upper limb. One patient had burn blisters, and two had 
cuts.
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Regarding the objective assessment tools for lymphoedema, direct volumetry, indirect volumetry, perimetry, L-DEX ≥ 10 and L-DEX ≥ 6.5, 
lymphoedema was present in 93 (20.1%), 131 (28.4%), 141 (30.5%), 59 (12.8%) and 96 (20.8%) women, respectively, as shown in Table 3.

In the subjective evaluations of lymphoedema as described by the participants who regarded a mild to great difference between the limbs, 
of the 462 women, 196 (42.4%) felt a difference in arm weight, 167 (36.1%) felt a difference in the fit of their shirts and 163 (35.3%) felt a 
difference in arm swelling (Table 3). 

Validity and agreement of BIS

When comparing patients with lymphoedema diagnosed by direct volumetry with those diagnosed by BIS with L-DEX ≥ 10, BIS did not diag-
nose lymphoedema in 52 of the 93 patients with a volume difference ≥200 mL in the upper limbs, resulting in moderate agreement between 
the methods with a kappa value = 0.459.

When comparing patients with lymphoedema diagnosed by direct volumetry with those diagnosed by BIS with L-DEX ≥ 6.5, 40 of the 93 
patients with lymphoedema had L-DEX < 6.5, resulting in moderate agreement with a kappa value = 0.452 (Tables 4 and 5).

For L-DEX ≥ 10, the sensitivity and specificity of BIS were 44.1% and 95.4%, respectively, while if L-DEX ≥ 6.5, the corresponding values were 
57% and 88.5%, respectively. For the lower threshold, there was a slight increase in sensitivity; however, there was a decrease in specificity 
and a slight decrease in the kappa value, as shown in Table 5.

Correlation of BIS and volumetry

When evaluating the correlation between BIS and volumetry using the ICC, we observed a moderate correlation with an α-Cronbach value 
of 0.703 (95% CI = 0.643–0.753).

ROC curve and cut-off point

When performing ROC curve analysis between the BIS and the difference in volume, a good AUC was obtained (AUC = 0.724). For an L-DEX 
cut-off point 1.35, the sensitivity was 74.2% and the specificity was 66.9%, but the kappa value was 0.298. For an L-DEX cut-off point of 
7.35, the sensitivity was 57%, the specificity was 90.7%, and the kappa value was 0.489 (Table 5).

Comparison of different methods for evaluating lymphoedema

Comparing the sensitivity, specificity, PPV, NPV and kappa of the different objective evaluation methods for upper limb lymphoedema, BIS 
with L-DEX ≥ 10 or L-DEX ≥ 6.5 was the method, demonstrating the lowest sensitivity and kappa value, as shown in Table 5. Table 6 shows 
the AUCs of BIS, indirect volumetry and perimetry. Comparison of the AUCs via their confidence intervals (CI 95%) shows a significant dif-
ference between the corresponding ROC curves (p < 0.001).

Table 2. Multivariate analysis of the type of axillary surgery and armpit surgery.

Variable OR CI (95%) p-value

Armpit surgery SLN biopsy Ref. Ref. Ref. Ref.

SLN biopsy + lymphadenectomy or 
lymphadenectomy alone

7.77 2.77 21.81 <0.001

BMI Not obese Ref. Ref. Ref. Ref.

Obese 2.32 1.44 3.74 <0.001

Constant 0.031

SLN = Sentinel lymph node; BMI = body mass index
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Table 3. Numbers and percentages of patients with lymphoedema assessed objectively by direct volumetry, indirect 
volumetry, BIS and perimetry and subjectively by sensation of arm weight, shirt sleeve adjustment and arm swelling.

Variable Category Number %

Direct volumetry ≥200 mL 93 20.1

<200 mL 366 79.2

Not performed 3 0.7

Indirect volumetry ≥200 mL 131 28.4

<200 mL 331 71.6

Perimetry ≥2 cm 141 30.5

<2 cm 321 69.5

BIS L-DEX ≥10 59 12.8

<10 403 87.2

≥6.5 96 20.8

<6.5 366 79.2

Arm weight No difference 266 57.6

Slight difference 105 22.7

Moderate difference 61 13.2

Large difference 30 6.5

Shirt sleeve adjustment No difference 295 63.9

Slight difference 102 22.1

Moderate difference 39 8.4

Large difference 26 5.6

Arm swelling No difference 299 64.7

Slight difference 93 20.1

Moderate difference 47 10.2

Large difference 23 5

Table 4. Contingency table with numbers and percentages of patients diagnosed with lymphoedema using BIS with 
L-DEX ≥ 10 and L-DEX ≥ 6.5.

Volumetria

<200 mL ≥200 mL Total <200 mL ≥200 mL Total

BIS < 10 349
(76%)

52  
(11.4%)

401  
(87.4%)

BIS < 6.5 324
(70.6%)

40
(8.7%)

364 
(79.3%)

BIS ≥ 10 17
(3.7%)

41
(8.9%)

5
(12.6%)

BIS ≥ 6.5 42
(9.2%)

53
(11.5%)

95
(20.7%)

Total 366
(79.7%)

93 (20.3%) 459
(100%)

Total 366
(79.7%)

93
(20.3%)

459 
(100%)

BIS = Bioimpedance spectroscopy
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Table 5. Sensitivity, specificity, PPV, NPV and kappa coefficient in the evaluation of lymphoedema by BIS, indirect volumetry and perimetry.

BIS Indirect volumetry Perimetry

L-DEX ≥ 10 L-DEX ≥ 7.35 L-DEX ≥ 6.5 L-DEX ≥ 1.35 Vol ≥ 200 mL Vol dif. ≥ 10%

Sensitivity (%) 44.1 57 57 74.2 65.6 58.1 84.9

Specificity (%) 95.4 90.7 88.5 66.9 96.3 97 83.1

PPV (%) 70.7 60.95 55.8 36.35 81.3 83.1 57.7

NPV (%) 87 89.2 89 91 91.7 90.1 95.7

Kappa 0.459 0.489 0.452 0.298 0.666 0.620 0.587

95% CI 0.35–0.56 0.39–0.59 0.35–0.55 0.21–0.38 0.58–0.75 0.53–0.71 0.53–0.71

Table 6. AUCs of objective evaluation methods and their comparisons.

Method Value AUC CI (95%) p value

BIS L-DEX 0.724 0.654–0.794 <0.001

L-DEX ≥ 10 0.688 0.637–0.739

L-DEX ≥ 7.35 0.715 0.662–0.768

L-DEX ≥ 6.5 0.718 0.664–0.771

L-DEX ≥ 1.35 0.681 0.629–0.734

Indirect volumetry Vol ≥ 200 mL 0.792 0.742–0.842

Vol dif. ≥ 10% 0.765 0.715–0.817

Perimetry ≥2 cm 0.904 0.871–0.937

Subjective evaluation of lymphoedema and BIS

Table 7 shows the data on the association between the subjective assessment of lymphoedema and the BIS assessment. The frequency of 
patients with L-DEX ≥ 10 or L-DEX ≥ 7.35 was higher and statistically significant among patients with a large difference in the feeling of 
heaviness in the arm, a difference in the fit of the shirt sleeve and a difference in arm swelling. At L-DEX ≥ 6.5, the frequency was higher, 
statistically significant among patients with a large difference in the feeling of heaviness in the arm, a moderate difference in the fit of the 
shirt sleeve and a large difference in arm swelling. In L-DEX ≥ 1.35, the frequency was higher, statistically significant, only among patients 
who reported a large difference in arm swelling.

Comparison of different lymphoedema assessment methods with BMI

BMI is a risk factor for lymphoedema. Table 8 shows the comparison of BMI stratified into underweight, normal weight, overweight and 
obese, with BIS, direct volumetry, indirect volumetry and perimetry. The prevalence of lymphoedema in obese people was statistically sig-
nificant with the methodologies of direct volumetry (p < 0.001), indirect (p < 0.001) and perimetry (p < 0.001) and there was no statistically 
significant difference in BIS at any cutoff point.

The BIS was not significantly associated with BMI even when stratifying into non-obese and obese.
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Table 7. Numbers and percentages of patients reporting subjective evaluations of arm weight, shirt sleeve adjustment and arm swelling and associations 
of subjective evaluations with BIS and L-DEX cut-off points ≥10, ≥7.35, ≥6.5 and ≥1.35 (HCB-SP, April 2018 to January 2020). 

Sense of 
difference

BIS
p-value

BIS
p-value

BIS
p-value

BIS
p-value

<10 ≥10 <7.35 ≥7.35 <6.5 ≥6.5 <1.35 ≥1.35

Arm weight

None 244 (91.7) 22 (8.3) 0.003* 233 (87.6) 33 (12.4) <0.001* 228 (85.7) 38 (14.3) <0.001* 165 (62) 101 (38) 0.328

Slight 85 (81) 20 (19) 73 (69.5) 32 (30.5) 71 (67.6) 34 (32.4) 56 (53.3) 49 (46.7)

Moderate 52 (85.2) 9 (14.8) 49 (80.3) 12 (19.7) 48 (78.7) 13 (21.3) 35 (57.4) 26 (42.6)

Large 22 (73.3) 8 (26.7) 19 (63.3) 11 (36.7) 19 (63.3) 11 (36.7) 15 (50) 15 (50)

Shirt sleeve 
adjustment

None 272 (92.2) 23 (7.8) <0.001* 255 (86.4) 40 (13.6) 0.001* 250 (84.7) 45 (15.3) 0.001* 179 (60.7) 116 (39.3) 0.625

Slight 82 (80.4) 20 (19.6) 74 (72.5) 28 (27.5) 72 (70.6) 30 (29.4) 58 (56.9) 44 (43.1)

Moderate 29 (74.4) 10 (25.6) 26 (66.7) 13 (33.3) 25 (64.1) 14 (35.9) 20 (51.3) 19 (48.7)

Large 20 (76.9) 6 (23.1) 19 (73.1) 7 (26.9) 19 (73.1) 7 (26.9) 14 (53.2) 12 (46.2)

Arm swelling 

None 281 (94) 18 (6) <0.001* 267 (89.3) 32 (10.7) <0.001* 262 (87.6) 37 (12.4) <0.001* 197 (65.9) 102 (34.1) <0.001*

Slight 71 (76.3) 22 (23.7) 63 (67.7) 30 (32.3) 60 (64.5) 33 (35.5) 42 (45.2) 51 (54.8)

Moderate 36 (76.6) 11 (23.4) 33 (70.2) 14 (29.8) 33 (70.2) 14 (29.8) 25 (53.2) 22 (46.8)

Large 15 (65.2) 8 (34.8) 11 (47.8) 12 (52.2) 11 (47.8) 12 (52.2) 7 (30.4) 16 (69.6)

BIS = Bioimpedance spectroscopy; ≥ = greater than or equal to; < = less than, % = percentage
*p < 0.05

Discussion

BIS has emerged in the literature as a promising tool in the diagnosis of lymphoedema secondary to breast cancer, allowing measurement 
of the ratio of extracellular fluid to total fluid in the affected limb [2, 27]. It is a less invasive, objective method, fast and capable of being 
completed with an average time of 2 minutes [2].

At an L-DEX cut-off point of 10, BIS demonstrated a sensitivity of 44.1%, specificity of 95.4%, PPV of 70.7% and NPV of 87%. Spitz et al [21] 
also evaluated the sensitivity, specificity, PPV and NPV of the L-DEX score in measuring lymphoedema in 395 women at risk for lymphoe-
dema secondary to breast cancer and obtained values of 7.5%, 98.5%, 71.4% and 67.5%, respectively. Compared to those in our study, the 
sensitivity and NPV values are lower; however, the specificity and PPV values are similar.

Some studies found sensitivity values greater than 60%. Fu et al [26], the sensitivity was 66%, and the specificity was 95%. However, 
these metrics were evaluated for assessing discriminability between the group with lymphoedema (n = 42) and the group at risk for 
lymphoedema (n = 150) according to the hypothesis that women with breast cancer had L-DEX < 10 and women with lymphoedema had 
L-DEX > 10. There was no comparison with a gold standard methodology. Qin et al [28] compared BIS (L-DEX > 10) with indocyanine 
green lymphography (ICG) in 62 participants with primary or secondary lymphoedema of the upper and lower limbs in both sexes. Of 
these patients, 54 (83.9%) had secondary lymphoedema, and 35 (67%) had lymphoedema secondary to breast cancer. The sensitivity was 
64%, and the specificity was 100% [28]. The specificity was 100% because only four patients had negative ICG lymphography and were 
also negative on BIS. They did not calculate the PPV and NPV because they had a large variation in prevalence due to the wide range of 
aetiologies of the diseases.
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Table 8. Comparison between BMI and lymphoedema according to direct volumetry, indirect volumetry, perimetry, BIS with 
L-DEX ≥ 10 and BIS with L-DEX ≥ 6.5.

BMI
p-value

Underweight (%) Normal (%) Overweight (%) Obese (%)

Direct volumetry

<0.001With lymphoedema 0 (0) 14 (11.2) 32 (18.4) 47 (30.7)

No lymphoedema 6 (100) 111 (88.8) 142 (81.6) 106 (69.3)

Perimetry

<0.001With lymphoedema 0 (0) 25 (20) 52 (29.5) 65 (42.2)

No lymphoedema 6 (100) 100 (80) 124 (70.5) 89 (57.8)

BIS ≥ 10

0.779With lymphoedema 1 (16.7) 17 (13.6) 19 (10.8) 22 (14.3)

No lymphoedema 5 (83.3) 108 (86.4) 157 (89.2) 132 (85.7)

BIS ≥ 6.5

0.748With lymphoedema 2 (33.3) 27 (21.6) 33 (18.8) 34 (22.1)

No lymphoedema 4 (66.7) 98 (78.4) 143 (81.2) 120 (77.9)

BIS ≥ 1.35

0.544With lymphoedema 2 (33.3) 56 (44.8) 66 (37.5) 67 (43.5)

No lymphoedema 4 (66.7) 69 (55.2) 110 (62.5) 87 (56.5)

BIS ≥ 7.35

0.671With lymphoedema 2 (33.3) 24 (19.2) 30 (17) 32 (20.8)

No lymphoedema 4 (66.7) 101 (80.8) 146 (83) 122 (79.2)

Indirect volumetry 

<0.01With lymphoedema 0 (0) 20 (16) 51 (29) 60 (39)

No lymphoedema 6 (100) 105 (84) 125 (71) 94 (61)

BMI = Body mass index; BIS = bioimpedance spectroscopy

Barrio et al [29] evaluated L-DEX as a diagnostic tool by sensitivity of the method. Similar to our study used the BIS U400 from ImpediMed 
and direct water displacement volumetry as the gold standard. In the Barrio et al [29] study, the sensitivity was 92%; only 13 of the 186 
participants had lymphoedema, and BIS diagnosed 12 of them.

For an L-DEX cut-off point of 6.5, there was an increase in sensitivity to 57% and NPV to 89%, but there was a decrease in the specificity 
value to 88.5% and PPV to 55.8%. Similar to our study, Spitz et al [21] showed an increased sensitivity and NPV to 55.6% and 69.6%, respec-
tively, and a decreased specificity and PPV to 90.8% and 55.6%, respectively, with this cut-off point.

ROC curves and possible cut-off points were plotted in our study population. Seeking a cut-off point that maximises sensitivity and speci-
ficity, L-DEX ≥ 1.35 had a sensitivity of 74.2% and specificity of 66.9%. However, a PPV of 36.35% indicated a low proportion of patients 
among those who had L-DEX ≥ 1.35, which could lead to an overestimation of cases of lymphoedema, generating a negative impact on the 
lives of these women since it is the complication most feared after breast cancer treatment [30]. L-DEX ≥ 7.35 had the same sensitivity and 
NPV as L-DEX ≥ 6.5, but a slight increase in specificity and PPV. Fu et al [26] described L-DEX > 7.1 as the best cut-off point among women 
with lymphoedema versus those at risk for lymphoedema.
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In the analysis of agreement between the methods with direct volumetry of lymphoedema, we used the kappa coefficient, with moderate 
agreement between L-DEX ≥ 10 or ≥6.5 and perimetry and substantial agreement between direct and indirect volumetry. We did not find 
studies in the literature that evaluated agreement by the kappa coefficient. 

The agreement according to the ICC between BIS and direct volumetry showed a moderate correlation. Ferro et al [31] evaluated the 
correlation of the amount of intracellular, extracellular and total fluid, as predicted by BioBas InBody510 multifrequency BIS, with the 
indirect volume of the upper limb ipsilateral to breast cancer surgery in 27 Brazilian volunteers with lymphoedema. The correlations 
were moderate and positive (Pearson correlation coefficient = 0.60 in the intracellular fluid; 0.50 in the extracellular fluid and 0.60 in 
the total fluid); however, the authors did not take into account the difference between limbs, and compare total bioimpedance water 
with the volume of the limb on the contralateral side. Therefore, it cannot be said that this moderate correlation was due to lymphoe-
dema. Our study included 462 participants with lymphoedema or who were at risk for lymphoedema. The diagnosis was based on the 
difference between the volume of the treated limb and that of the contralateral limb. In addition, the BIS U400 device from Imped-
iMed was used, which generates L-DEX, a linearised L-DEX, through the ratio of the impedance of the unaffected limb to that of the 
affected limb.

Fu et al [26] found a significant correlation (Pearson's coefficient = 0.44) between BIS (ImpXCA) and indirect volumetry. Czerniec et al [23] 
found a strong correlation (Lin concordance correlation = 0.89) between indirect volume (affected limb/unaffected limb) and BIS (SFB7).

The AUC of BIS as a continuous variable was 0.724 (95% CI 0.654–0.794). In the study by Smoot et al [32], the AUC of BIS as a continuous 
variable was 0.83 (95% CI 0.76–0.90), but the BIS device used was the SFB7. The AUC of BIS (ImpXCA) as a continuous variable in the study 
by Fu et al [26] was 0.941 (95% CI 0.907–0.976).

The highest AUC was obtained for L-DEX ≥ 6.5. The higher the AUC is, the more accurate the method. Among all the objective tools that we 
evaluated in the present study, the one with the greatest accuracy was perimetry, followed by indirect volumetry. Although BIS is an objec-
tive method and can be performed rapidly, the device is currently too expensive for widespread acquisition in Brazil.

Studies have evaluated the association of self-reported symptoms by patients with objective assessments [23, 33]. In a systematic review, 
the most prevalent symptoms in patients with lymphoedema were swelling and heaviness. Additionally, the symptoms of swelling now, 
heaviness now or in the past, arm firmness and temperature increase were associated with the presence of lymphoedema and found moder-
ate correlation between swelling and firmness in the past with BIS [34]. Our study also found a statistically significant association between 
symptoms of arm weight, shirt sleeve adjustment and arm swelling with BIS, with an exception of L-DEX ≥ 1.35, which supports our conclu-
sion that it is not the best cut-off point despite its high sensitivity. Another cross-sectional study, like ours, also found an association of three 
self-reported symptoms (swelling, heaviness and tightness) with BIS [33].

Shah et al [35] point out as risk factors for the development of BCRL: extension of axillary surgery, radiotherapy, chemotherapy with high 
rates and BMI. In the present study we also found an association of BCRL with axillary lymph dissection (lymphadenectomy), supraclavicular 
fossa radiotherapy and higher BMI. Chemotherapy has not been evaluated.

As well as in the study, Vicini et al [36], evaluated the association between BIS and BMI and no association was observed. However, in our 
study, in addition to BIS, we evaluated the association of other lymphoedema assessment methods (direct volumetry, indirect volumetry and 
perimetry) with BMI and found association in all methods, except BIS, even at different cutoff points. Possibly, obesity can alter the imped-
ance to the passage of the electrical current from the BIS, and this could be a negative factor in the use of this device in this population, 
however, more studies need to be carried out to elucidate this issue.

HCB is a public tertiary oncologic hospital, specialised in cancer treatment. This makes screening with brief returns for early diagnosis of 
centralised lymphoedema in the hospital difficult. This practice is also performed in Brazilian public hospitals. 

The main limitation of this study is a cross-sectional evaluation. As all patients had already undergone cancer treatment, a pretreatment 
L-DEX was not collected. Another limitation of our study is that we did not collect information on previous lymphoedema, such as the time 
of lymphoedema, whether the patient had undergone or was undergoing treatment, and the type of lymphoedema treatment performed.
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Conclusion

Although BIS was significantly associated with the subjective evaluation of lymphoedema, it showed low sensitivity and agreement and mod-
erate correlation in the Brazilian population when used as a method for diagnosing the condition. In addition, it was not the most accurate 
method when compared with other objective evaluation tools.

Conflicts of interest

The authors declare no conflicts of interest.

Funding

This study was supported by Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP) under the number 14/0819-0 and from the 
Teaching and Research Institute of the Cancer Hospital of Barretos, number IEP 5/2017.

Informed consent

All patients were included in the study only after acceptance of and signing an informed consent form. The present study was approved by the 
Research Ethics Committee of the Pio XII Foundation – HCB and is registered under number 782/2014 and CAAE 28140214.1.0000.5437. 

Author contributions

Concept/idea/research design: FCBST, RACV, AJS and MAO; writing: FCBST, RACV, AJS, WEP and CPS; data collection: FCBST and UBCS; 
data analysis: FCBST, RACV and MAO; project management: FCBST and RACV; providing facilities/equipment: RACV; and consultation 
(including review of manuscript before submitting): FCBST, RACV, AJS, UBCS, WEP, MAO and CPS. All authors read and approved the final 
manuscript.

References

 1. Ribeiro Pereira ACP, Koifman RJ, and Bergmann A (2017) Incidence and risk factors of lymphedema after breast cancer treatment: 10 
years of follow-up Breast 36 67–73 https://doi.org/10.1016/j.breast.2017.09.006 PMID: 28992556

 2. Hidding JT, Viehoff PB, and Beurskens CH, et al (2016) Measurement properties of instruments for measuring of lymphedema: system-
atic review Phys Ther 96(12) 1965–1981 https://doi.org/10.2522/ptj.20150412 PMID: 27340195

 3. Vieira RA, da Costa AM, and de Souza JL, et al (2016) Risk factors for arm lymphedema in a cohort of breast cancer patients followed 
up for 10 years Breast Care (Basel) 11(1) 45–50 https://doi.org/10.1159/000442489 PMID: 27051396 PMCID: 4813649

 4. Vieira RAC, Silva FCB, and Biller G, et al (2016) Instruments of quantitative and qualitative evaluation of breast cancer treatment 
sequels Rev Bras Mastol 26(3) 126–132

 5. Karges JR, Mark BE, and Stikeleather SJ, et al (2003) Concurrent validity of upper-extremity volume estimates: comparison of calcu-
lated volume derived from girth measurements and water displacement volume Phys Ther 83(2) 134–145 https://doi.org/10.1093/
ptj/83.2.134 PMID: 12564949

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2023.1649
https://doi.org/10.1016/j.breast.2017.09.006
http://www.ncbi.nlm.nih.gov/pubmed/28992556
https://doi.org/10.2522/ptj.20150412
http://www.ncbi.nlm.nih.gov/pubmed/27340195
https://doi.org/10.1159/000442489
http://www.ncbi.nlm.nih.gov/pubmed/27051396
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4813649
https://doi.org/10.1093/ptj/83.2.134
https://doi.org/10.1093/ptj/83.2.134
http://www.ncbi.nlm.nih.gov/pubmed/12564949


Re
se

ar
ch

ecancer 2023, 17:1649; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2023.1649 14

 6. Kim WJ, Jo GY, and Park JH, et al (2021) Feasibility of segmental bioelectrical impedance analysis for mild- to moderate-degree breast 
cancer-related lymphedema: correlation with circumferential volume measurement and phase angle Medicine 100(4) e23722 https://
doi.org/10.1097/MD.0000000000023722 PMID: 33530173 PMCID: 7850733

 7. Mayrovitz HN (2003) Limb volume estimates based on limb elliptical vs. circular cross section models Lymphology 36(3) 140–143 PMID: 
14552033

 8. Silva FCB, Sarri AJ, and Silva JJ, et al (2021) Volumetric evaluation of upper limb for the breast cancer associated lymphedema Mastology 
31(Supplement 1) 27 [https://doi.org/10.29289/259453942021V31S1027]

 9. Shaitelman SF, Cromwell KD, and Rasmussen JC, et al (2015) Recent progress in the treatment and prevention of cancer-related lymph-
edema CA Cancer J Clin 65(1) 55–81 https://doi.org/10.3322/caac.21253

 10. Terada M, Yoshimura A, and Sawaki M, et al (2020) Patient-reported outcomes and objective assessments with arm measurement and 
bioimpedance analysis for lymphedema among breast cancer survivors Breast Cancer Res Treat 179(1) 91–100 https://doi.org/10.1007/
s10549-019-05443-1

 11. Michelotti A, Invernizzi M, and Lopez G, et al (2019) Tackling the diversity of breast cancer related lymphedema: perspectives on diag-
nosis, risk assessment, and clinical management Breast 44 15–23 https://doi.org/10.1016/j.breast.2018.12.009

 12. Levenhagen K, Davies C, and Perdomo M, et al (2017) Diagnosis of upper-quadrant lymphedema secondary to cancer: clinical practice 
guideline from the oncology section of APTA Rehabil Oncol 35(3) E1–E18 https://doi.org/10.1097/01.REO.0000000000000073 PMID: 
28748128 PMCID: 5497787

 13. Hayes S, Janda M, and Cornish B, et al (2008) Lymphedema secondary to breast cancer: how choice of measure influences diagnosis, 
prevalence, and identifiable risk factors Lymphology 41(1) 18–28 PMID: 18581955

 14. Warren AG, Janz BA, and Slavin SA, et al (2007) The use of bioimpedance analysis to evaluate lymphedema Ann Plast Surg 58(5) 541–
543 https://doi.org/10.1097/01.sap.0000244977.84130.cf PMID: 17452840

 15. Forte AJ, Huayllani MT, and Boczar D, et al (2020) Bioimpedance spectroscopy for assessment of breast cancer-related lymphedema: a 
systematic review Plast Surg Nurs 40(2) 86–90 https://doi.org/10.1097/PSN.0000000000000306 PMID: 32459756

 16. Lette J (2006) A simple and innovative device to measure arm volume at home for patients with lymphedema after breast cancer J Clin 
Oncol 24(34) 5434–5440 https://doi.org/10.1200/JCO.2006.07.9376 PMID: 17135645

 17. Martín ML, Álvarez FJV, and González G, et al (2011) Validación de herramienta informática para el cálculo de linfedema en pacientes 
con afectación unilateral de extremidad superior Rehabilitación (Madr) 45(2) 127–133 https://doi.org/10.1016/j.rh.2011.03.008

 18. McLaughlin SA, Brunelle CL, and Taghian A (2020) Breast cancer-related lymphedema: risk factors, screening, management, and the 
impact of locoregional treatment J Clin Oncol 38(20) 2341–2350 https://doi.org/10.1200/JCO.19.02896 PMID: 32442064 PMCID: 
7343436

 19. Buderer NMF (2016) Statistical methodology: I. Incorporating the prevalence of disease into the sample size calculation for sensitivity 
and specificity Acad Emerg Med 3(9) 895–900 https://doi.org/10.1111/j.1553-2712.1996.tb03538.x

 20. Seward C, Skolny M, and Brunelle C, et al (2016) A comprehensive review of bioimpedance spectroscopy as a diagnostic tool for the 
detection and measurement of breast cancer-related lymphedema J Surg Oncol 114(5) 537–542 https://doi.org/10.1002/jso.24365 
PMID: 27393376

 21. Spitz JA, Chao AH, and Peterson DM, et al (2019) Bioimpedance spectroscopy is not associated with a clinical diagnosis of breast 
cancer-related lymphedema Lymphology 52(3) 134–142 PMID: 31874125

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2023.1649
https://doi.org/10.1097/MD.0000000000023722
https://doi.org/10.1097/MD.0000000000023722
http://www.ncbi.nlm.nih.gov/pubmed/33530173
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7850733
http://www.ncbi.nlm.nih.gov/pubmed/14552033
https://doi.org/10.29289/259453942021V31S1027
https://doi.org/10.3322/caac.21253
https://doi.org/10.1007/s10549-019-05443-1
https://doi.org/10.1007/s10549-019-05443-1
https://doi.org/10.1016/j.breast.2018.12.009
https://doi.org/10.1097/01.REO.0000000000000073
http://www.ncbi.nlm.nih.gov/pubmed/28748128
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5497787
http://www.ncbi.nlm.nih.gov/pubmed/18581955
https://doi.org/10.1097/01.sap.0000244977.84130.cf
http://www.ncbi.nlm.nih.gov/pubmed/17452840
https://doi.org/10.1097/PSN.0000000000000306
http://www.ncbi.nlm.nih.gov/pubmed/32459756
https://doi.org/10.1200/JCO.2006.07.9376
http://www.ncbi.nlm.nih.gov/pubmed/17135645
https://doi.org/10.1016/j.rh.2011.03.008
https://doi.org/10.1200/JCO.19.02896
http://www.ncbi.nlm.nih.gov/pubmed/32442064
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7343436
https://doi.org/10.1111/j.1553-2712.1996.tb03538.x
https://doi.org/10.1002/jso.24365
http://www.ncbi.nlm.nih.gov/pubmed/27393376
http://www.ncbi.nlm.nih.gov/pubmed/31874125


Re
se

ar
ch

ecancer 2023, 17:1649; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2023.1649 15

 22. Dylke ES, Schembri GP, and Bailey DL, et al (2016) Diagnosis of upper limb lymphedema: development of an evidence-based approach 
Acta Oncol 55(12) 1477–1483 https://doi.org/10.1080/0284186X.2016.1191668 PMID: 27333213

 23. Czerniec SA, Ward LC, and Refshauge KM, et al (2010) Assessment of breast cancer-related arm lymphedema – comparison of physical 
measurement methods and self-report Cancer Invest 28(1) 54–62 https://doi.org/10.3109/07357900902918494

 24. Koehler LA, Hunter DW, and Blaes AH, et al (2018) Function, shoulder motion, pain, and lymphedema in breast cancer with and with-
out axillary web syndrome: an 18-month follow-up Phys Ther 98(6) 518–527 https://doi.org/10.1093/ptj/pzy010 PMID: 29361075 
PMCID: 6692645

 25. Brandini da Silva FC, Jose da Silva J, and Sarri AJ, et al (2019) Comprehensive validation study of quality-of-life questionnaire using 
objective clinical measures: Breast Cancer Treatment Outcome Scale (BCTOS), Brazilian Portuguese version Clin Breast Cancer 19(1) 
e85–e100 https://doi.org/10.1016/j.clbc.2018.10.004

 26. Fu MR, Cleland CM, and Guth AA, et al (2013) L-dex ratio in detecting breast cancer-related lymphedema: reliability, sensitivity, and 
specificity Lymphology 46(2) 85–96 PMID: 24354107 PMCID: 4040962

 27. Koelmeyer LA, Ward LC, and Dean C, et al (2020) Body positional effects on bioimpedance spectroscopy measurements for lymph-
edema assessment of the arm Lymphat Res Biol 18(5) 464–473 https://doi.org/10.1089/lrb.2019.0067 PMID: 32027213

 28. Qin ES, Bowen MJ, and Chen WF (2018) Diagnostic accuracy of bioimpedance spectroscopy in patients with lymphedema: a retrospec-
tive cohort analysis J Plast Reconstr Aesthet Surg 71(7) 1041–1050 https://doi.org/10.1016/j.bjps.2018.02.012 PMID: 29650264

 29. Barrio AV, Eaton A, and Frazier TG (2015) A prospective validation study of bioimpedance with volume displacement in early-stage 
breast cancer patients at risk for lymphedema Ann Surg Oncol 22(Suppl 3) S370–S375 https://doi.org/10.1245/s10434-015-4683-0 
PMID: 26085222 PMCID: 4684482

 30. McLaughlin SA (2012) Lymphedema: separating fact from fiction Oncology (Williston Park) 26(3) 242–249 PMID: 22545305

 31. Ferro AP, Ferreira VTK, and Rezende MS, et al (2018) Intra- and inter-rater reliability of bioimpedance in the evaluation of lymphedema 
secondary to treatment of breast cancer Lymphat Res Biol 16(3) 282–286 https://doi.org/10.1089/lrb.2017.0036

32. Smoot BJ, Wong JF, and Dodd MJ (2011) Comparison of diagnostic accuracy of clinical measures of breast cancer-related lymphedema: 
area under the curve Arch Phys Med Rehabil 92(4) 603–610 https://doi.org/10.1016/j.apmr.2010.11.017 PMCID: 3698223

 33. Svensson BJ, Dylke ES, and Ward LC, et al (2020) Screening for breast cancer-related lymphoedema: self-assessment of symptoms and 
signs Support Care Cancer 28(7) 3073–3080 https://doi.org/10.1007/s00520-019-05083-7

 34. Gursen C, Dylke ES, and Moloney N, et al (2021) Self-reported signs and symptoms of secondary upper limb lymphoedema related to 
breast cancer treatment: systematic review Eur J Cancer Care (Engl) 30(5) e13440 https://doi.org/10.1111/ecc.13440 PMID: 33733550

 35. Shah C, Whitworth P, and Valente S, et al (2023) Bioimpedance spectroscopy for breast cancer-related lymphedema assessment: clini-
cal practice guidelines Breast Cancer Res Treat 198(1) 1–9 https://doi.org/10.1007/s10549-022-06850-7

 36. Vicini F, Shah C, and Whitworth P, et al (2018) Correlation of bioimpedance spectroscopy with risk factors for the development of 
breast cancer-related lymphedema Lymphat Res Biol 16(6) 533–537 https://doi.org/10.1089/lrb.2017.0078 PMID: 30133336 PMCID: 
6306658

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2023.1649
https://doi.org/10.1080/0284186X.2016.1191668
http://www.ncbi.nlm.nih.gov/pubmed/27333213
https://doi.org/10.3109/07357900902918494
https://doi.org/10.1093/ptj/pzy010
http://www.ncbi.nlm.nih.gov/pubmed/29361075
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6692645
https://doi.org/10.1016/j.clbc.2018.10.004
http://www.ncbi.nlm.nih.gov/pubmed/24354107
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4040962
https://doi.org/10.1089/lrb.2019.0067
http://www.ncbi.nlm.nih.gov/pubmed/32027213
https://doi.org/10.1016/j.bjps.2018.02.012
http://www.ncbi.nlm.nih.gov/pubmed/29650264
https://doi.org/10.1245/s10434-015-4683-0
http://www.ncbi.nlm.nih.gov/pubmed/26085222
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4684482
http://www.ncbi.nlm.nih.gov/pubmed/22545305
https://doi.org/10.1089/lrb.2017.0036
https://doi.org/10.1016/j.apmr.2010.11.017
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3698223
https://doi.org/10.1007/s00520-019-05083-7
https://doi.org/10.1111/ecc.13440
https://doi.org/10.1007/s10549-022-06850-7
https://doi.org/10.1089/lrb.2017.0078
http://www.ncbi.nlm.nih.gov/pubmed/30133336
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6306658

