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Purpose: 
• Current diagnostic measures for lymphedema 

are limited in detesting subclinical disease. 
• The purpose of this study was to quantify early 

skin-changes in lymphedematous skin and 
evaluate their correlation with indocyanine-
green (ICG) lymphography findings and 
patient-reported symptoms.

Methods: 
• Trans-epidermal-water-loss (TEWL), tonometry 

(fibrosis), and percentage-water-content (PWC) 
were prospectively measured under ICG 
lymphography

• Both dermal backflow areas and areas not 
impacted by dermal backflow were assessed 
using three non-invasive devices. 

• Matched biopsies were collected and analyzed 
using histology and immunofluorescence.

Results: Conclusions: 
• Early-stage lymphedema 

is characterized by a 
localized increase in 
tissue water-content, 
fibrosis, and skin-barrier 
dysfunction. 

• These changes are highly 
correlated with patient 
symptoms.

• This is the first study to 
show that early detection 
of localized skin changes 
using simple, non-
invasive methods 
applicable for clinical 
adaptation, is a 
promising tool in the 
screening of subclinical-
lymphedema. 

0 100 200 300
0

2

4

6

8

10

S
ym

pt
om

s 
1-

10

0 100 200 300
0.0

0.5

1.0

1.5

2.0

TE
W

L 
in

de
x

0 100 200 300
0.0

0.5

1.0

1.5

2.0

P
W

C
 in

de
x

0 100 200 300
0

1

2

3

4

To
no

m
et

ry
 in

de
x

Average Intensity 

r = 0.79
p < 0.0001

r = 0.77
p < 0.0001

r = 0.42
p = 0.0002

r = 0.14
p = 0.2509

H
&

E
E

C
ad

  D
A

PI
K

R
T

10
  D

A
PI

Figure 5. Lymphedematous skin in dermal backflow areas is characterized by 
higher epidermal thickness, pathologic epidermal spongiosis and hyperkeratosis. 
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Power analysis (n=7)
T-tests
For effect size of 0.8 with α of 0.05 - low discriminatiry power (β=0.09) 
Pearson correlations
For α of 0.05, β of 0.2 and r=0.2, n=194. For our data with n=7, powered to detect a correlation 
of r=0.89 or higher. 
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Figure 2. Correlations between regional dermal backflow intensity, patient-
reported symptoms and skin properties 
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