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IntroductIon

The clinical severity of lymphedema in an extremity 
is generally graded according to the International 

Society of Lymphology (ISL) stage.1) Because the ISL 
stage mainly consists of findings achieved by physical 

examinations and represents the most severely affected 
leg part, it is subjective and does not reflect the distribu-
tion and mode of progression of the disease. Accordingly, 
developing more objective measures may be useful to 
delineate the disease status more clearly. The character-
istic skin and subcutaneous tissue changes in extremities 
with chronic lymphedema are caused by changes in the 
extracellular matrix, such as connective tissue hypertrophy, 
fat accumulation resulting from both fat hypertrophy 
and an increased number of adipocytes, and interstitial 
protein-rich fluid accumulation.2) The observation of these 
changes in various parts of the extremity may further 
elucidate the severity and extent of disease. Ultrasound 
(US) can be one of the best tools for this purpose. In 
contrast to computed tomography (CT) or magnetic res-
onance imaging (MRI), US is readily available in many 
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The points of scanning were the following:
Upper medial thigh (UMT): Middle upper half of 

the thigh, immediately anterior to the great saphenous 
vein.

Upper lateral thigh (ULT): Middle upper half of the 
thigh, lateral aspect of the quadriceps femoris muscle.

Lower medial thigh (LMT): Middle lower half of 
the thigh, immediately anterior to the great saphenous 
vein.

Lower lateral thigh (LLT): Middle lower half of the 
thigh, lateral aspect of the quadriceps femoris muscle.

Upper medial leg (UML): Middle upper half of the 
leg, immediately anterior to the great saphenous vein.

Upper lateral leg (ULL): Middle upper half of the leg, 
lateral aspect of the tibialis anterior muscle.

Lower medial leg (LML): Middle lower half of the 
leg, immediately posterior to the great saphenous vein.

Lower lateral leg (LLL): Middle lower half of the leg, 
lateral aspect of the tibialis anterior muscle.

The probe was placed longitudinally on the leg. Field 
size and gain were adjusted as necessary to optimize 
image quality and boundary definition.

The typical US skin image depicts the following layers: 
an epidermal entrance echo, the dermal layer, and the 
low-echogenic or non-echogenic subcutaneous tissue. 
An epidermal entrance echo is a highly reflective echo 
that originates from the uppermost portions of the 
epidermis because of the changes in impedance from the 
coupling medium to the stratum corium. The dermis is 
less echogenic than the epidermal entrance echo and 
contains many different echoes of various intensities. 
This is the result of reflection of the ultrasound waves 
from the interface between collagen fibers and the 
surrounding intercellular matrix and the cells. The sub-
cutaneous, low-echogenic layer contains horizontal or 
obliquely oriented echogenic lines caused by connective 
tissue bundles that represent fat lobules and connective 
tissue septa. The muscular fascia, which is the lower 
boundary of subcutaneous tissue, can be clearly identified 
in the normal state.8)

Skin and subcutaneous tissue thickness
When the dermo-hypodermal junction was clearly 

identified, the full skin thickness (epidermis and dermis) 
from the anterior echogenic border of the epidermis to the 
posterior echogenic border of the dermis was measured 
in B-mode. Subcutaneous tissue thickness was measured 
as the distance between the posterior echogenic border 
of the dermis and the anterior echogenic border of the 

clinics and is also noninvasive and quite inexpensive. 
Although particular ultrasonographic findings have not 
been established to confirm the diagnosis of lymph-
edema, features typically found in limbs with lymph-
edema—such as increased thickness of the skin and 
subcutaneous tissue,3) unclear delineation at the der-
mo-hypodermal junction,4) and diffuse subcutaneous 
fibrosclerosis observed as increased echogenicity of the 
fat layer5)—have been reported.

In the current study, we retrospectively reviewed 
these ultrasound findings in legs with secondary lymph-
edema, and observed their correlation with ISL clinical 
stage, to determine whether these findings represent dis-
ease progression.

PatIents and Methods

In this retrospective study, we investigated patients 
who met the following inclusion criteria:

• First visit to the clinic between April 2009 and March   
2012

• Newly diagnosed with secondary leg lymphedema
• Lymphedema was due to intra-pelvic lymph node 

dissection during cancer surgery
• Diagnosis was confirmed by lymphangioscintigra-

phy (LAS)
• Venous insufficiency was excluded by venous duplex   

ultrasound
Thirty-five patients (i.e., seventy lower extremities) 

met the above requirements and were included in the 
study. Characteristics of patients are summarized in 
Table 1. For LAS, each patient was given an intradermal 
injection of 111 MBq of 99mTc suspended in 0.1 mL 
of human serum albumin (99mTc-HAS) into the first 
interdigital web. The diagnosis of abnormal LAS was 
made according to the criteria introduced by Szuba, et 
al.6) and Burnand, et al.7) The clinical stage of lymph-
edema was assigned from the Consensus Document of 
ISL.1) In the current study, legs without apparent symp-
toms were all regarded as Stage 0 because all patients 
who underwent intrapelvic lymph node dissection were 
considered to have impaired lymph transport.

ultrasound

At the time of the first visit for each patient, the 
skin and subcutaneous tissue were scanned using an 
ultrasound system (GE Healthcare, Little Chalfont, 
Buckinghamshire, UK) with an 8–12 MHz transducer. 
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as black.
Grade 1: Diffuse increase in echogenicity, but ident-

ifiable horizontal or obliquely oriented echogenic lines 
caused by connective tissue bundles.

Grade 2: Diffuse increase in echogenicity. Echogenic 
lines are not identifiable

Since the echogenicity is relative evaluation and is 
easily changed by controlling encoder of B-mode gain, 
this is first adjusted using normal subcutaneous fat in the 
other part of the body to be observed as black.

statIstIcal analysIs

Results are expressed as means standard deviation or 
counts, unless otherwise indicated. Spearman’s rank 
correlation was used to test the relationships between 

muscular fascia. When the dermo-hypodermal junction 
or the muscular fascia was not clearly identified, mea-
surements were not performed, and it was classified as 
a “blurred border.”

Subcutaneous echogenicity
At each scan point, the subcutaneous echogenicity 

was evaluated. Full thickness subcutaneous hypere-
chogenicity of any degree was defined as “increased 
echogenicity.” In the current study, a mild increase of 
echogenicity limited to the area above the muscular fas-
cia was not regarded as “increased echogenicity.” The 
subcutaneous echogenicity grade (SEG) was defined as 
follows (Fig. 1):

Grade 0: No increase in echogenicity in the subcuta-
neous layer. Namely, the subcutaneous fat layer is observed 

Table 1 Patient characteristics

Gender (male:female) 5:30
Age (years; median [range]) 69 (45–85)
BMI (kg/m2; median [range]) 22.9 (18.9–38.9)
Time from onset to first visit (years; median [range]) 2.0 (0.1–28)
Causes of surgery causing lymphedema Uterine cancer 23

Ovarian cancer  5
Prostate cancer  4
Bladder cancer  1
Penile cancer  1
Vulval cancer  1

Fig. 1 Definition of subcutaneous echogenicity grade (SEG). 
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accompanied by a significant amount of EFS (evident 
edema). As with the skin, the delineation of boundaries at 
the dermo-hypodermal junction and upper boundary of 
muscular fascia were poorer for lower scan points 
and higher ISL stages (Table 2). In ISL Stage III, measure-
ment of subcutaneous tissue thickness was, therefore, 
not feasible at 29% to 71% of scan points.

The changes in SEG at 8 scan points with respect to 
ISL stage is depicted in Fig. 2C. At each point, there was 
a significant positive correlation between SEG and ISL 
stage. As we were comparing changes in skin and subcu-
taneous tissue thickness, the SEG at each scan point 
changed in a more linear manner with respect to the 
progression in ISL stage. In all leg lesions, SEG increased 
between Stages 0 and I and Stages I and II. Between 
Stages II and III, SEG did not increase in the lower thigh 
(LMT, LLT) and UML but increased significantly at the 
other scan points. For ISL Stages I and II, SEG was lower 
in the lateral thigh (ULT and LLT). This was also 
observed in Stage III, although this was not significant. 
In contrast to skin and the subcutaneous tissue, this find-
ing was properly assessed at all scan points. 

dIagnostIc Value

In Table 3, the presence of increased SEG (≥1) was 
correlated with the presence of lymphedema in the 
extremity. In UM) and LML, the sensitivity of this find-
ing was greater than 95%. In UMT, ULT, and ULL, the 
specificity of this finding was greater than 95%. When 
this finding is assessed in a wider area, i.e., the entire 
medial thigh (UMT + LMT) or entire medial leg (UML 
+ LML), the specificity was 100%. 

dIscussIon

There were 4 major findings in the current study. First, 
skin thickness, subcutaneous tissue thickness, and subcu-
taneous echogenicity were all positively correlated with 
ISL stage. Second, measurements of skin and subcutane-
ous tissue thicknesses were not feasible at a large number 
of scan points because of poor delineation particularly in 
the legs with severe symptoms. Third, subcutaneous 
echogenicity could be consistently assessed and was 
linearly correlated with ISL stage. Fourth, lymphedema 
could be diagnosed or excluded using this finding, 
particularly when this finding is assessed in broader 
areas of the leg.

ISL stage and skin and subcutaneous tissue thickness or 
SEG. The Mann-Whitney U-test was used to compare 
skin and subcutaneous tissue thickness and SEG to 
determine the significance of differences among ISL 
stages at each scan point. The Kruskal-Wallis test was 
used to determine the significance of the differences in 
SEG between the scan points at each clinical stage, and 
the Mann-Whitney U-test was used for multiple compar-
isons. These analyses were not performed for skin and 
subcutaneous tissue thickness because the parameters 
differed at different sites along the extremity, when they 
were measured using high-frequency ultrasound.4) 
Statistical analyses were performed using Dr. SPSS II 
software (IBM, Armonk, New York, USA). A P value of 
less than .05 was considered significant.

results

Correlation with ISL stage
The skin thickness at 8 scan points according to ISL 

stage is presented in Fig. 2A. At each scan point, there 
was a significant positive correlation between skin thick-
ness and ISL stage. No increase in skin thickness was 
observed between Stage 0 and Stage I at any of the scan 
points. Between Stages I and II, skin thicknesses in the 
thigh lesions (except for ULT; i.e., UMT, LMT, and LLT) 
increased significantly. However, between Stages II and 
III, skin thickness in the leg lesion (except for ULL; i.e., 
UML, LML, and LLL) increased. Delineations of the 
boundary at the dermo-hypodermal junction were poorer 
for lower scan points and higher ISL stages (Table 2). 
Particularly in ISL Stage III, the measurement of skin 
thickness was not feasible for 29% to 71% of the scan 
points.

The changes in subcutaneous tissue thickness accord-
ing to ISL stage at the 8 scan points is depicted in Fig. 2B. 
At each point, there was a significant positive correlation 
between subcutaneous tissue thickness and ISL stage. 
Significant increases in subcutaneous tissue thickness 
in all thigh lesions (UMT, ULT, LMT, and LLT) were 
observed between Stage 0 and Stage I. These increases 
in the subcutaneous tissues in thigh lesions were accom-
panied by little or no echo-free space (EFS); i.e., these 
changes were not accompanied by severe edema. Signif-
icant increases in subcutaneous tissue thickness were not 
observed between Stages I and II but were observed in 
the entire leg, except for the lateral thigh (UMT, LMT, 
UML, ULL, LML, and LLL) between Stages II and III. 
These increases in subcutaneous tissue thicknesses were 
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Fig. 2  (A) Relationship between skin thickness and the International Society of Lymphology (ISL) stage; 
(B) Relationship between subcutaneous tissue thickness and ISL stage; (C) Relationship between subcuta-
neous echogenicity grade (SEG) and ISL stage. UMT: upper medial thigh; ULT: upper lateral thigh; LMT: 
lower medial thigh; LLT: lower lateral thigh; UML: upper medial leg; ULL: upper lateral leg; LML: lower 
medial leg; LLL: lower lateral leg

(A)

(B)

(C)
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reported a significant increase in skin and subcutis 
thickness in the upper arm with lymphedema compared 
with those in the contralateral normal arm.3) They also 
demonstrated that skin thickness correlated positively 
with  subcutaneous tissue thickness and arm circumfer-
ence in the ipsilateral arm using 7- and 20-MHz ultra-
sound. Naouri, et al. reported increased dermal thickness 
in legs with lymphedema compared with normal legs.4) 
This difference was not observed when legs with 
lipedema were compared with normal legs. In the current 

skIn thIckness

Increased skin thickness in the extremity with lymph-
edema has been reported in previous studies.3,4,9,10) 
 Morphologically, as lymphedema progresses, the dermis 
becomes thicker, cones of tissue extend both toward the 
surface and into the subcutaneous tissue because of 
the increased number of fibers.2) The skin may be further 
thickened by an increase in the subepidermal low- 
echogenic band as a result of edema.11) Mellor, et al. 

Table 3 Diagnostic value of increased subcutaneous echogenicity for presence of lymphedema

Increased subcutaneous 
echogenicity (SEG ≥1)

Lymphedema symptom 
(ISL ≥1) Sensitivity Specificity

+ −

UMT + 54  0 0.964 1.000
−  2 14

LMT + 53  1 0.946 0.929
−  3 13

ULT + 38  0 0.679 1.000
− 18 14

LLT + 37  1 0.661 0.929
− 19 13

UML + 53  1 0.946 0.929
−  3 13

LML + 55  2 0.982 0.857
−  1 12

ULL + 47  0 0.839 1.000
−  9 14

LLL + 50  1 0.893 0.929
−  6 13

Medial thigh + 53  0 0.946 1.000 
(both UMT and LMT) −  3 14
Medial leg + 53  0 0.946 1.000 
(both UML and LML) −  3 14

UMT: upper medial thigh; LMT: lower medial thigh; ULT: upper lateral thigh; LLT: lower lateral thigh; UML: upper medial leg; 
LML: lower medial leg; ULL: upper lateral leg; LLL: lower lateral leg

Table 2 Number of unmeasurable scan points because of blurred border

UMT ULT LMT LLT UML ULL LML LLL

Skin thickness
Stage 0 (N = 14) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (7)
Stage I (N = 11) 1 (9) 0 (0) 3 (27) 1 (9) 0 (0) 1 (9) 2 (18) 5 (45)
Stage II (N = 38) 9 (24) 8 (21) 10 (26) 7 (18) 10 (26) 12 (32) 12 (32) 18 (47)
Stage III (N = 7) 2 (29) 3 (43) 4 (57) 3 (43) 3 (43) 5 (71) 5 (71) 5 (71)
Subcutaneous tissue thickness
Stage 0 (N = 14) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (7)
Stage I (N = 11) 1 (9) 0 (0) 3 (27) 1 (9) 0 (0) 1 (9) 3 (27) 6 (55)
Stage II (N = 38) 9 (24) 8 (21) 10 (26) 7 (18) 11 (29) 12 (32) 12 (32) 18 (47)
Stage III (N = 7) 2 (29) 3 (43) 4 (57) 3 (43) 3 (43) 5 (71) 5 (71) 5 (71)

UMT: upper medial thigh; ULT: upper lateral thigh; LMT: lower medial thigh; LLT: lower lateral thigh; UML: upper medial 
leg; ULL: upper lateral leg; LML: lower medial leg; LLL: lower lateral leg; Percentages in parentheses
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the muscular fascia. Blurring of these borders is caused 
by the increase in fiber content that inevitably occurs in 
the course of disease progression. Moreover, the value 
itself has no diagnostic importance because the subcuta-
neous tissue thickness is largely different depending on 
the scanning point, as well as the amount of edema, fat, 
and other factors. It is impractical to constantly align the 
dermo-hypodermal junction and the muscular fascia in 
parallel and to perform the measurement repeatedly at 
exactly the same point. Therefore, the subcutaneous tissue 
thickness again may not be an appropriate parameter to 
determine the status of the disease. 

subcutaneous echogenIcIty

Increased echogenicity of the fat with blurring of 
the interface between the subcutaneous fat and the skin 
was previously reported in extremity lymphedema,4,5) 
but this is not a finding specific to lymphedema because 
is seen in various inflammatory conditions such as cel-
lulitis.12) The histological characteristics of the extracel-
lular matrix in chronic lymphedema are similar to those 
of chronic inflammation.2) Therefore, the application of 
typical US findings in the inflammation, such as increa-
sed echogenicity of the subcutaneous fat, to evaluate 
extremity lymphedema would be appropriate. The find-
ing is readily obtained even with low-resolution ultra-
sound, and this can be observed in any part of the 
extremity in any condition, which is most practical for 
most physicians.

In the present study, SEG showed good correlation 
with the ISL stage at all scan points in the lower extrem-
ity. These changes were relatively linear compared with 
the changes in skin and subcutaneous tissue thickness. 
SEG increased significantly between Stages 0 and I in 
most parts of the leg, as well as between Stages I and II. 
In Stages I and II, SEG was lower in lateral thigh lesions 
possibly because lymph congestion originates from the 
ventromedial bundle in secondary leg lymphedema and 
protein-rich interstitial fluid accumulates from around 
this bundle and in the lower leg by gravity. Medial and 
lower parts of the extremity are affected first, and the 
lateral thigh lesion is relatively preserved from skin and 
subcutaneous inflammation until a later stage. Particu-
larly in the early stage of the disease, the increase in sub-
cutaneous echogenicity was accompanied by increased 
subcutaneous tissue thickness in the medial thigh lesion, 
but this was not the case in the medial leg lesion. Similar 
cases are often encountered in the clinic, in which 

study, skin thickness increased with progressive 
ISL stages. Particularly in Stage III, the skin thickness 
in the medial leg and the lower lateral leg were markedly 
increased. 

Measurement of skin thickness involved some chal-
lenges. The first questionable issue was the accuracy of 
the value. The thickness of the epidermal entrance echo 
does not correlate with the thickness of the epidermis.8) 
Special transducers such as 50–100-MHz transducers 
may be necessary to study the epidermal layer. Although 
there appeared to be a clear delineation of the skin, the 
accuracy of skin thickness measurements using a low 
resolution of 20 MHz or less was suboptimal. A second 
difficulty was the low rate of successful measurements. 
As demonstrated in this study, the measurement could 
not be performed at a large number of scan points 
because of poor delineation of the dermo-hypodermal 
junction. Blurring of this border inevitably occurred 
as lymphedema progressed, and; therefore, this low rate 
could not be improved by the use of high-resolution 
ultrasound. A third problem was the reproducibility of 
the measurements; this delicate measurement could not 
be repeatedly performed at exactly the same point or 
at an identical point of the right and left extremities. 
Considering these issues, skin thickness—particularly 
measured using low resolution ultrasound—may not be a 
good parameter to determine the status of the disease.

subcutaneous tIssue thIckness

In contrast to the skin, the widely available 7–12-MHz 
transducers are adequate for examining subcutaneous 
tissues. Increased thickness of subcutaneous fat in limbs 
with lymphedema is also reported in limbs with lymph-
edema.3) In the current study, a significant positive cor-
relation was observed between the subcutaneous tissue 
thickness and ISL stage. Interestingly, the increase in 
subcutaneous tissue thickness in the thigh that was seen 
in early stages was not accompanied by significant 
edema, but the increases in the medial thigh and the leg 
at later stages was complicated by marked increases in 
echo-free space (i.e., edema). Significant increases in 
subcutaneous thicknesses were not observed between 
Stages I and II, but this was possibly the result of large 
fluctuations in the amount of edema.

Measurements of subcutaneous tissue thickness also 
involve difficulties. As for the skin, the measurement 
could not be performed at several scan points because of 
poor delineation of the dermo-hypodermal junction or 
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can lead to chronic venous insufficiency, which also 
causes inflammation and edema. Because there is no 
particular measure to diagnose this functional venous 
insufficiency at present, we cannot differentiate the 
impact of this factor.

conclusIon

In the present study, we demonstrated 3 typical ultra-
sound findings in extremities with lymphedema, namely, 
increased skin thickness, increased subcutaneous tissue 
thickness, and increased subcutaneous echogenicity. All 
3 findings correlated well with the ISL stage. However, 
from a practical point of view, subcutaneous echogenic-
ity is considered the most valuable finding because it 
may be successfully assessed in any part of the extremity 
at any stage, and it is linearly correlated with ISL stage 
when expressed as subcutaneous echogenicity grade. 
This finding may thus have great diagnostic value.
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