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ABSTRACT

The objective of this study was to evaluate 
the accuracy of bioimpedance spectroscopy 
measurements (L-Dex) in the diagnosis 
of breast cancer-related lymphedema. A 
retrospective review of a prospectively 
maintained database was performed of all 
patients that underwent surgical treatment 
for breast cancer at a tertiary medical 
center. Patients who had preoperative 
and postoperative evaluation for possible 
lymphedema by limb circumference 
measurements and bioimpedance were eligible 
for inclusion in the study. No significant 
demographic differences were found between 
the group of patients clinically diagnosed with 
lymphedema (N=134) and those without a 
clinical diagnosis of lymphedema (N=261). 
The ability of bioimpedance to diagnose 
lymphedema based on the manufacturer's 
criteria demonstrated low sensitivity, which 
was 7.5% when lymphedema was defined as 
an absolute L-Dex value greater than 10, and 
24.6% when defined as a relative change of 
>10 between preoperative and postoperative 
measurements. This corresponded with a 
positive predictive value of 61-71% and a 
negative predictive value of 67-70%. We are 
unable to recommend the use of bioimpedance 
as a screening tool or for measurement of 
breast cancer-related lymphedema.

Keywords: lymphedema, breast cancer-relat-
ed lymphedema, bioimpedance spectroscopy, 
L-Dex, tape measurements, predictive value

Lymphedema is a serious complication 
that, in the Western world, is mostly iatrogen-
ic, associated with the treatment of cancer and 
manifests itself as swelling (volume excess), 
tightness, heaviness, pain, fibrosis and in some 
with recurrent episodes of cellulitis in the af-
fected area of the body (1). Current treatments 
aimed at curing cancer often include multiple 
modalities, such as surgical resection, chemo-
therapy, and radiation therapy, all of which in-
crease the patient's risk for the development of 
lymphedema to the region distal to the treated 
cluster of lymph nodes (2,3). Unfortunately, 
there is no standardized method for measuring 
lymphedema (4,5). 

Clinical definitions and measurements of 
lymphedema are inconsistent in the literature 
(5,6). This presents a significant dilemma for 
clinicians monitoring treatment. Numerous 
methods exist to evaluate lymphedema in 
clinical settings but these methods rely on 
quantifying changes in volume or circumfer-
ence of the affected extremity or head and 
neck region, which fails to capture changes 
in tissue composition associated with disease 
progression (6). Methods currently utilized in-
clude water displacement, tape circumference, 
tonometry, and perometry (1,4,7,8). None of 
these methods address the underlying etiology 
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of the volume change specific to lymphedema, 
namely the excess proteinaceous fluid accumu-
lation due to inefficient clearance (9). 

A newer technology, bioimpedance 
spectroscopy (bioimpedance), evaluates tissue 
fluid fluctuations. Bioimpedance relies on 
detecting the change of tissue impedance to a 
small amount of introduced electrical current 
or applied potential over a set distance of 
measurement electrodes (10-13). As tissues 
retain increasing amounts of fluid, bioimped-
ance decreases over time. The bioimpedance 
device most widely used in clinical practice 
measures lymphedema through a proprietary 
Lymphedema Index (L-Dex) score, which 
utilizes frequency dependent current flow to 
quantify changes in extracellular fluid in the 
patient's limb (L-Dex - Trademark of Imped-
iMed, Carlsbad, CA, USA). L- Dex scores 
that lie outside of the normal range (-10 to 
+10 L-Dex units) for this scale or those scores 
that represent a 10-point increase from prior 
measurements in the same patient are said to 
be indicators of lymphedema (14). 

Here we sought to evaluate our experience 
with bioimpedance measurements and the 
relationship of L-Dex Scores to clinically evi-
dent secondary lymphedema in breast cancer 
patients. 

METHODS

All patients who underwent surgical treat-
ment of breast cancer at Ohio State University 
Wexner Medical Center from January 2013 
- January 2015 were reviewed retrospectively 
after approval by the Institutional Review 
Board. Patient data were collected from the 
electronic health record using physical therapy 
visits, operative reports, and plastic surgery 
notes. Patient L-Dex scores, circumferential 
arm tape measurements, age, gender, comor-
bidities, surgical history, treatment history, 
and clinical diagnosis of lymphedema were 
examined. Individuals with metal implants 
and/or pacemakers were excluded, based upon 
recommendations of the impedance device 
manufacturer. Pregnant women, patients 

with bilateral disease, and patients with renal 
failure or heart failure were excluded because 
of patterns of fluid fluctuation associated with 
these medical conditions. Patients with incom-
plete or missing data were excluded from this 
study.

All patients who met inclusion criteria 
were examined by an experienced lymphede-
ma physical therapist at our Breast Center 
both before and within one year after surgi-
cal treatment of breast cancer. During each 
examination, any pitting edema and subcu-
taneous fibrosis, Stemmer's sign, range of 
motion of the upper limb joints, patient report 
of symptoms, and sensory and motor functions 
were evaluated. Circumference measurements 
were performed at two points: 10 cm proximal 
to the styloid process in the forearm, and 10 
cm proximal to the medial epicondyle in the 
upper arm. A single set of measurements was 
performed and used to calculate inter-arm 
difference. Hand dominance was not taken 
into account. Bioimpedance measurements 
were also taken at the same visit as detailed 
below. A clinical diagnosis of lymphedema was 
made by the lymphedema physical therapist, 
based on physical examination and circumfer-
ence measurements, and served as our clinical 
standard against which bioimpedance mea-
surements were compared.

The bioimpedance measurement was per-
formed using a multi-frequency bioimpedance 
analysis device developed for extracellular flu-
id measurement (L-Dex U400®, ImpediMed, 
Carlsbad, CA). During the procedure, an 
alternative current with a frequency between 
3 KHz and 1000 KHz was applied through 
the electrodes placed at the wrists and the 
resistance of the extracellular fluid against this 
current was measured.

 Before the measurement, the patent's age, 
dominant limb, and the side of surgery were 
entered into the device. For the measurement, 
the patient was brought to the supine position, 
and after both wrists and right ankle of the 
patient were cleaned with a skin antiseptic, 
special electrodes were attached. The colored 
wires of the device were connected to the 
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electrodes in line with the instruction manual 
and measurements were conducted first on the 
right arm, followed by the left arm. The dif-
ference of the extracellular fluid between both 
arms was recorded as the unit of lymphedema. 
According to the manufacturer, an absolute 
L-Dex value greater than 10, or a relative 
change of +10 L-Dex units from the patient's 
baseline value is indicative of a diagnosis of 
lymphedema (14). In addition, further analy-
sis was performed utilizing additional criteria 
that have been proposed, specifically where 
lymphedema is defined as an absolute L-Dex 
value greater than 6.5, or a relative change of 
+6.5 L-Dex units from the patient's baseline 
value (15). 

Statistical Analysis

Sensitivity, specificity, positive predictive 
value, and negative predictive value were 
used to evaluate the ability of L-Dex scores to 
measure lymphedema. Frequency data were 
compared using the Fisher test or chi-square 
test, as appropriate. Continuous data were 
compared using the Mann-Whitney test. All 
tests were two tailed. The p-values < 0.05 
were considered significant. All analyses were 
performed using SPSS version 25 (IBM Corp, 
Armonk, NY).

TABLE 1
Patient Characteristics
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RESULTS

A total of 395 patients met inclusion 
criteria, of which there were 134 (33.9%) 
patients with lymphedema and 261 (66.1%) 
patients without lymphedema based on 
physical examination and limb circumference 
measurements. As expected, the difference in 
limb circumference measurements between the 
unaffected limb and affected limb was greater 
in patients with lymphedema compared to 
patients without lymphedema (p = 0.017 at 
forearm, p = 0.02 at upper arm). A summary 
of the characteristics of the study population is 
presented in Table 1. There were no significant 
differences identified between patients with 
and without lymphedema with respect to age 
(p=0.76), sex (p=1.00), or BMI (p=0.88). Pa-
tients with a clinical diagnosis of lymphedema 
were more likely to have undergone mastecto-
my (p=0.0012), axillary lymph node dissection 
(p=0.0001), chemotherapy (p=0.0001), and ra-
diation therapy (p=0.0003). The mean follow 
up period was 10.2 months (7.1-12.0 months).

The average postoperative L-Dex score 
was 2.1 ± 6.4 for all patients. The average ab-
solute L-Dex score was 2.2 ± 8.9 and 2.1 ± 4.6 
for patients with and without lymphedema, 
respectively (p = 0.77). Of the patients with 
lymphedema, 10 (7.5%) patients demonstrated 
an absolute bioimpedance >10, 124 (92.5%) 
patients demonstrated an absolute bioimped-
ance <10, 33 (24.6%) patients demonstrated 
a relative change in bioimpedance >10, and 
101 (75.4%) patients demonstrated a relative 
change in bioimpedance <10. Of the patients 
without a clinical diagnosis of lymphedema, 
4 (1.5%) demonstrated an absolute bioimped-
ance >10, 258 (98.5%) patients demonstrated 
an absolute bioimpedance <10, 21 (8.0%) 
demonstrated a relative change in bioimped-
ance >10, and 241 (92.0%) demonstrated a 
relative change in bioimpedance <10. When 
utilizing the criteria of an absolute bioimped-
ance measurement of greater than 10 L-Dex 
units for diagnosis of lymphedema compared 
to patients with a clinical diagnosis of lymph-

edema based on physical exam and tape 
measurements, L-Dex exhibited a sensitivity 
of 7.5% and a specificity of 98.5%, with a pos-
itive predictive value of 71.4% and a negative 
predictive value of 67.5%. When utilizing the 
criteria of a relative change in bioimpedance 
between two separate measurements of +10 
L-Dex units, L-Dex exhibited a sensitivity of 
24.6% and a specificity of 92.0%, with a posi-
tive predictive value of 61.1% and a negative 
predictive value of 70.5% when compared to 
patients with a clinical diagnosis of lymphede-
ma based on physical exam and tape measure-
ments. 

Further analysis was performed utilizing 
alternative criteria that have been proposed 
for the use of bioimpedance in lymphede-
ma patients. When utilizing the criteria of 
an absolute bioimpedance measurement of 
greater than 6.5 L-Dex units for diagnosis 
of lymphedema compared to patients with 
a clinical diagnosis of lymphedema based 
on physical exam and tape measurements, 
L-Dex exhibited a sensitivity of 22.4% and a 
specificity of 90.8%, with a positive predic-
tive value of 55.6% and a negative predictive 
value of 69.6%. When utilizing the criteria of a 
relative change in bioimpedance between two 
separate measurements of +6.5 L-Dex units, 
L-Dex exhibited a sensitivity of 41.0% and a 
specificity of 86.6%, with a positive predictive 
value of 56.1% and a negative predictive value 
of 73.5% when compared to patients with a 
clinical diagnosis of lymphedema based on 
physical exam and tape measurements. 

DISCUSSION

Breast cancer related lymphedema 
represents a great physical and psychological 
burden for patients with increased rates of 
anxiety and depression, perceived social and 
sexual dysfunction, and lower quality of life 
(3,16). It is associated with heaviness, pain, 
decreased mobility, disfigurement, difficulty 
fitting clothing, and a constant reminder of the 
prior cancer (17). Other complications include 
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increased risk of infection and higher overall 
medical costs (an increase of nearly $10,000 
per year over those individuals without lymph-
edema) placing a greater burden on cancer 
survivors and society (17). It is imperative 
that we find a reproducible, efficient, hygienic, 
cost- effective way to measure lymphedema 
in order to provide appropriate diagnosis and 
evaluate treatment (18). 

Bioimpedance measurements are an 
attractive method of evaluating BCRL due 
to the relatively quick measurement with a 
dichotomous result and the device is simple 
to operate, which makes it easy to incorporate 
into clinical practice (1,19,20). Therefore, we 
set out to determine if bioimpedance measure-
ments were a reliable indicator of BCRL in 
our patient population of breast cancer survi-
vors who had undergone prior treatment. 

We found 33.9% of our treated breast can-
cer patients had a clinical diagnosis of lymph-
edema by limb circumference measurements, 
which is comparable to other rates in the 
literature (0-56%) (2,21-23). The two groups 
of patients (those diagnosed with and without 
lymphedema postoperatively) were similar 
with respect to age, sex, and BMI. While 
a higher BMI predisposes to lymphedema 
(24,25), we did not find a statistically signifi-
cant difference of obese patients in the group 
diagnosed with lymphedema post breast can-
cer treatment in our patient population. This 
may have been the result of our study popu-
lation size and composition, and the multi-
factorial nature of lymphedema pathogenesis. 
Similar to other findings in the literature, the 
patients who were clinically diagnosed with 
lymphedema postoperatively were more likely 
to have undergone mastectomy (p=0.0012), 
axillary lymph node dissection (p=0.0001), 
chemotherapy (p=0.0001), and radiation ther-
apy (p=0.0003) (1,2,5,7,20,24,26). 

While there is no gold standard in lymph-
edema measurement, a commonly accepted 
definition is a 2 cm increase in limb circumfer-
ence or a 2 cm inter-limb difference (or 200 ml 
of difference in limb volume if water displace-
ment is used) (5,15,27). In patients diagnosed 

with lymphedema by the criteria listed above, 
tape measurements at both the affected fore-
arm and upper arm were significantly greater 
than the contralateral unaffected arm at both 
data points. 

The main aim of this study was to eval-
uate how the L-Dex score compares to clin-
ical diagnosis of lymphedema based on tape 
measurements, clinical exam, and patient 
symptoms. We did not find that the L-Dex 
scores were accurate in diagnosing lymphede-
ma when compared to our clinical diagnoses. 
The average postoperative L-Dex score was 
2.1 ± 6.4 for all patients. The average absolute 
L-Dex score was 2.2 ± 8.9 and 2.1 ± 4.6 for pa-
tients with and without lymphedema, respec-
tively (p = 0.77). If there was good correlation 
between patients with clinical lymphedema 
and L-Dex scores, we would expect patients 
with clinical lymphedema to have an average 
L-Dex score >10 or 10 points above their base-
line. This was not the case.

In this study, we chose to apply the man-
ufacturer's criteria for the diagnosis of lymph-
edema using bioimpedance spectroscopy. 
Other investigators have proposed alternative 
criteria, such as utilizing a 2 SD (L-Dex score 
>6.5, or a change of >6.5 compared to base-
line) rather than a 3 SD (L-Dex score >10, or 
a change of >10 compared to baseline) cutoff 
(19,28). The choice of which criteria to apply 
might certainly have implications with regard 
to the interpretation of our results. Thus, we 
additionally analyzed this alternative criteria 
of 2 SD, and observed marginal improvements 
in sensitivity compared to the 3 SD criteria, 
as might be expected. However, sensitivity 
remained relatively low, and came at the ex-
pense of a decrease in specificity. 

Bioimpedance testing is currently in 
practice to screen patients for lymphedema 
(8,19,20,24,29,30). In general, screening tests 
should have a high sensitivity so that few pa-
tients have a false negative result, and a high 
specificity so that few patients will require 
further testing or treatment if they receive a 
false positive result (31). When utilizing the 
criteria of an absolute bioimpedance mea-
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surement of greater than 10 L-Dex units for 
diagnosis of lymphedema, L-Dex exhibited a 
sensitivity of 7.5% and a specificity of 98.5%, 
with a positive predictive value of 71.4% and 
a negative predictive value of 67.5%. There-
fore, with such a low sensitivity, it is not able 
to identify a large proportion of patients that 
were diagnosed with clinical lymphedema in 
our patient population. 

When utilizing the criteria of a relative 
change in bioimpedance between two separate 
measurements of +10 L-Dex units, L-Dex 
exhibited a sensitivity of 24.6% and a specific-
ity of 92.0%, with a positive predictive value 
of 61.1% and a negative predictive value of 
70.5%. While the sensitivity of this diagnostic 
criterion was improved from the absolute val-
ue of 10 units, we do not believe that a sensi-
tivity of 24.6% is adequate for medical deci-
sion making and further treatment planning.

Fu et al had similar results to our study 
when evaluating L-Dex values and tape mea-
surements in women with BCRL (19). Their 
study evaluated the reliability and reproduc-
ibility of 3 consecutive L-Dex measurements in 
healthy women volunteers, women with breast 
cancer without lymphedema, and women with 
BCRL and found strong intra-class correla-
tion coefficients (ICC= 0.99) among healthy 
women and women at risk for BCRL, however 
only fair agreement (ICC= 0.69) among wom-
en diagnosed with BCRL (19). The unreliable 
measurements in women with BCRL are likely 
due to the fact that human tissues are highly 
heterogeneous material systems with aniso-
tropic properties. Women with lymphedema 
have an impaired ability to maintain tissue 
fluid homeostasis, which directly affects the 
L-Dex measurement and may cause variable 
readings (32). Moreover, the reduced reliability 
for L-Dex values in the known lymphedema 
group may be due to tissue changes, adipose 
infiltration or more general adiposity (19). 
Furthermore, structural changes in tissues 
such as fibrosis, level of tissue hydration and 
fluid content, and amount of muscle and 
fat content easily induce variability in mea-
surements from patient to patient (12,33). 

Therefore L-Dex score comparisons are only 
meaningful within the same patient over time 
and may not serve as a reliable staging method 
of lymphedema. 

Other studies in the past have evaluat-
ed the role of bioimpedance in patients with 
lymphedema, but these studies are severely 
limited in sample size, do not analyze women 
with breast cancer associated lymphedema, 
compare bioimpedance to other methods of 
lymphedema measurements (such as perome-
try or water displacement), or use a different 
bioimpedance device (4,8,20,24,29,30,34). Due 
to the heterogeneity and limited data quality 
in the literature, we are unable to directly 
compare our results to these other studies. 

Soran et al used bioimpedance to diagnose 
subclinical lymphedema in women following 
breast cancer treatment and then instituted 
compression therapy to women that were 
diagnosed with subclinical lymphedema and 
found that there was a low rate of progression 
to clinical lymphedema versus a control group 
of similar women at risk for BCRL that did 
not undergo routine bioimpedance testing due 
to insurance restrictions (26). While this study 
demonstrates the importance of early diagno-
sis and treatment for patients with BCRL, it 
does not validate the accuracy or reliability of 
L-Dex values. All the women in this study that 
were diagnosed as subclinical lymphedema 
(stage 0) were by definition asymptomatic. It 
is unclear if the L-Dex value was instrumental 
in dictating who would benefit from compres-
sion wrapping or if all women following breast 
cancer treatment undergoing prophylactic 
wrapping would have the same outcome. 
The reliability of L-Dex values in diagnosing 
BCRL was not the main objective in this study.

Dylke et al compared the diagnostic 
accuracy of commonly used methods such as 
L-Dex and perometer against lymphoscin-
tigraphy as the standard for the diagnosis of 
lymphedema in women with breast cancer 
associated lymphedema. Normatively deter-
mined thresholds were set at 2SD and 3SD 
above the mean for all tools utilized. Inter-
estingly, they found that when women with 
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dermal backflow score of 3 on lymphoscintig-
raphy were excluded from the analysis, fewer 
diagnostic thresholds were able to discriminate 
between patients with lymphedema compared 
to L-Dex. Similar to our results, Dylke et al 
found a higher positive likelihood ratio using 
the arm circumference ratio compared to 
BIS. They believe this was due to the whole 
arm being surveyed in the BIS measurement 
and circumference measurements can pick 
up isolated areas of lymphedema and have 
improved detection of localized changes (15). 
While Dylke et al found a very strong correla-
tion of L-Dex values to circumference mea-
surements and perometer readings at 2 and 3 
SD thresholds, these data include 38 women 
out of 68 in the known breast cancer associat-
ed lymphedema group that have well- estab-
lished lymphedema with an assigned dermal 
backflow score of 3. Our patient population 
was evaluated at an average of 10.2 months 
postoperatively following their surgical breast 
cancer treatment, and it would be too early 
to have well established lymphedema at the 
time point that they were being measured. 
Therefore, our results are consistent with those 
of Dylke et al when participants with well 
established lymphedema were excluded from 
the analysis.

Limitations inherent to bioimpedance 
measurements include the need to compare 
the affected extremity to a non-affected 
contralateral limb. Some patients with lymph-
edema have bilateral affected extremities and 
would not be able to undergo bioimpedance 
measurements. Additionally, the L-Dex value 
is based on a ratio of the affected to non-af-
fected limb which has an underlying assump-
tion that the two limbs are symmetric at 
baseline. Armer et al found that this assump-
tion does not hold true, and that there may be 
a limb volume difference of 160 ml in healthy 
women (18). Furthermore, bioimpedance 
measurements can change significantly with 
variations in lead placement (12). 

The limitations of our study include the 
small sample size, one set of pre and postoper-

ative tape measurements and L-Dex scores per 
patient, not controlling for arm dominance, 
the lack of a gold standard for diagnosing 
lymphedema and use of a 2 cm inter-arm cir-
cumference difference as a surrogate for sta-
tistical purposes, and limited long term follow 
up. The retrospective nature of our study lim-
ited our ability to have standard time points 
postoperatively for clinical lymphedema 
evaluation and bioimpedance analysis. In the 
future, we suggest that each patient be mea-
sured at consistent postoperative time points 
that would address potential confounders such 
as postoperative edema at varying time out 
from surgery. The study design also limited 
the way patients with discordance between 
physical exam and symptoms were classified. 
The lymphedema physical therapist used her 
most educated clinical judgment on any indi-
vidual case where discordance occurred. This 
should be addressed with a specific protocol 
in future prospective studies to mitigate the 
issue. Additionally, we recommend the use of 
taxanes be recorded for each patient, as they 
can impact the amount of extremity swelling 
with use (35). 

CONCLUSION

Despite its popularity, L-Dex scores in this 
study correlated poorly with the presence of 
clinically evident lymphedema. Furthermore, 
a clinical improvement in lymphedema was 
not reflected in improved L-Dex scores. For 
the majority of our patients with a clinical 
diagnosis of lymphedema, L-Dex scores were 
within normal range (sensitivity of 7.5% and 
24.6%; based on absolute value and 10 unit 
change from baseline respectively) making it 
a poor screening tool for diagnosis. Further 
studies evaluating tools to measure lymphede-
ma in a reliable, reproducible, convenient, and 
inexpensive way are still warranted.
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