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ABSTRACT

Lipedema is characterized by symmetrical accumulation of subcutaneous fat in the lower and
upper limbs, sparing the trunk, feet and hands. Although diagnosis is primarily clinical, ultra-
sound has proven to be a valuable, non-invasive, reproducible, and cost-effective tool for the
assessment of lipedema. Ultrasound (US) facilitates diagnosis through quantitative evaluation
of subcutaneous tissue thickness and enables qualitative Lipedema Dermal and Hypodermal
Classification (LDHC), with morphological changes. The presence of hyperechoic nodules in
patients with lipedema has been previously described and classified as LDHC 3; recently, a case
report analyzing the microscopic features of such nodules demonstrated hemorrhagic areas and
steatonecrosis, resulting from disorganized hypodermal expansion leading to increased pressure
within the subcutaneous compartment—causing hypoxia and stimulating immature neovas-
cularization (fragile wall, predisposing to hemorrhage). However, these nodules are not uniform
and exhibit different morphologies, enabling subclassification. The first type presents with
poorly defined margins; the second is well-defined margins; the third has an anechoic area,
and the fourth shows a faint posterior shadow. These different nodule presentations in lipedema
may be correlated with evolutionary stages or previously described clinical presentations, re-
quiring future correlation with pathological anatomy or other diagnostic methods.

1. INTRODUCTION

Lipedema is a progressive disorder characterized by the accumulation of adipose tissue in the subcutaneous
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of the lower and upper limbs, bilaterally and symmetrically, sparing the trunk, hands, and feet; affecting ap-
proximately 12.3% of women in Brazil [1, 2]. Its etiology remains uncertain but is primarily associated with
genetic factors and hormonal exposure to estrogen [3]. The diagnosis is clinical, based on leg heaviness, pain
or tenderness upon palpation, negative Godet’s sign for edema, spontaneous hematomas, and difficulty with
weight loss despite diet [2, 4, 5].

The two main clinical classifications currently in use are: the first based on the distribution of fat accu-
mulation, and the second on skin and adipose tissue morphology (Table 1) [2, 5]. Although clinical classi-
fication is widely used, some details revealed through ultrasound (US) make it possible to visualize the path-
ophysiological and evolutionary mechanisms of the disease.

Table 1. Progressive functional classification of lipedema based on skin, subcutaneous tissue, and lym-
phatic involvement.

Stage Skin Subcutaneous tissue Lymphatic Involvement
1 Smooth Increased, Nodules Absent
2 Irregular Increased, Nodules Absent
3 Skin folds Increased, Nodules, Fibrosis Absent
4 Skin folds Increased, Nodules, Fibrosis Present

Source: Adapted from Herbst, 2012 [5].

The US is increasingly used as an auxiliary tool in diagnosing lipedema, with quantitative measure-
ments of subcutaneous tissue at specific points and cutoff values (Table 2) [6]. More recently, a qualitative
assessment of dermal and hypodermic alterations called Lipedema Dermal and Hypodermal Classification
(LDHC) has been proposed, which may correlate with an inflammatory or fibrotic environment, thus po-
tentially guiding therapy and indicating response to treatments.

Table 2. Reference values for ultrasonographic diagnosis of lipedema of the lower limbs.

Topography Thickness (mm)

Pre-tibial (mid-region) Greater than 11.7
Anterior thigh (mid-distal) Greater than 17.9
Lateral leg (mid-proximal) Greater than 8.4
Medial leg (supramalleolar region) Greater than 7.0

Source: Adapted from Amato et al, 2021 [6].

Table 3. US Lipedema Dermal and Hypodermal Classification (LDHC).

Echogenic Dermal-hypodermal

LDHC Architecture Hypodermal septa nodules junction
1 Preserved Linear and thin Less than 50% rupture  Absent Preserved
2 Bulging Irregular and curved =50% rupture ~ Absent Preserved
3 i Bulging deep i Irregular Disruption superficial Present Irregular
Disorganized superficial
4 “Marbled” Irregular Branching and verticalization =~ Absent Irregular (“serrated”)

Source: Adapted from Vargas et al, 2021 [7].
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A recent case report selected a female patient with lipedema (ultrasonographic LDHC 3) and painful
nodules in the thigh and arm (LDHC 3), who then underwent biopsy and histopathological analysis (Table
3). It was demonstrated that the nodule represented a hemorrhagic focus with hemosiderin deposition. Fi-
brous proliferation, steatonecrosis, newly formed capillaries, granular eosinophilic content, and histiocytic
reaction were also demonstrated [8]. This is the first microscopic analysis to confirm hypoxic-ischemic changes,
all others had observed only inflammatory and fibrotic reactions [9-11]. In addition to microscopic findings,
the Resistance Index (RI) was assessed through Doppler evaluation of subcutaneous arteries, showing in-
creased RI in the lipedema patient compared to the control patient (without lipedema) [8].

The LDHC 3 classification already highlights the echogenic nodule as the ultrasonographic marker of
advanced lipedema; however, this finding presents distinct patterns such as margin alterations, different
echogenicities, the presence of anechoic areas, and a faint posterior acoustic shadow. These data support the
elaboration of a subdivision of the LDHC 3 classification, believing that we may be facing evolutionary
phases of the same echographic finding.

2. MATERIALS AND METHODS

The study selected 20 patients who were ultrasonographically classified as LDHC 3, characterized by
the presence of echogenic nodules and their morphological variations. The mean age of the participants was
41.95 * 8.39 years. The recruitment took place between January and September 2025. The study was approved
by the institutional research ethics committee, and all patients signed the informed consent form.

US images were obtained and classified according to protocol and described by Vargas et al. [7], using
high-frequency linear transducers (10 to 15 MHz) on Samsung V6 (Samsung Medison Co. Ltd., Republic of
Korea, 2024) and LOGIQ e (GE Medical Systems Co. Ltd., China, 2024) in order to assess the reproducibility
of the findings across different platforms. The examinations were performed by two radiologists with at least
10 years of experience in musculoskeletal and dermatological ultrasonography. Patients with a diagnosis of
lipedema who also presented concomitant obesity were excluded from this analysis.

Our sample included patients with an average BMI of 26.65 + 1.45, with a focus on a primary diagnosis
of lipedema to concentrate on its pathological features and variants. It is important to emphasize that typical
dermal and hypodermic structural changes of lipedema can be found in obese individuals, however, obese
individuals without lipedema only demonstrate an increase in the subcutaneous layer and do not present
the typical findings described by the LDHC classification. Ultrasound showed a relevant role in distinguish-
ing between isolated obesity and lipedema or the coexistence of both conditions.

3. RESULTS: FINDINGS AND PROPOSED CLASSIFICATION

A total of 62 nodules were identified by US in subcutaneous tissue, analyzed, and classified according
to their characteristics, as shown in Table 4. This analysis can enlarge the original proposal of LDHC, which
described stage 3 as containing the characteristic echogenic nodules. Subsequently, upon identifying four dis-
tinct variants (LDHC 3a, 3b, 3¢, and 3d), this detailed subclassification fits within the scope of LDHC 3, allow-
ing for a more refined characterization of the echogenic nodules and providing additional information on
potential evolutionary patterns of the disease.

The subcutaneous echogenic nodules identified varied in distribution, predominantly in the posterior
and lateral thigh. Regarding clinical correlation, 13 patients (65%) were classified as grade 2, while 7 patients
(35%) were classified as grade 3. Despite efforts to correlate the higher number of nodules or their subtype
with clinical factors such as BMI, age, or duration since the diagnosis of lipedema, the factor that demon-
strated the most significant association with the distribution of more nodules was the site identified as the
most painful point reported by the patient.

The nodules were categorized into four distinct types based on their ultrasonographic characteristics:
Figure 1(a) represents an US image of the LDHC 3a nodule and Figure 1(b) an illustrative image of the
same nodule. Figure 2(a) and Figure 2(b) show the LDHC 3b nodule in US and in an illustrative image,
respectively. Figure 3(a) and Figure 3(b) demonstrate the characteristics of the LDHC 3¢ nodule in US and
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illustration, respectively. Figure 4(a) and Figure 4(b) illustrate the LDHC 3d nodule in US and illustration,
respectively. The quantity of each type of nodule identified is shown in Table 5.

Table 4. Proposed qualitative ultrasonographic classification for hyperechoic nodules in lipedema.

LDHC Margins Echogenicity Anechoic area Posterior acoustic shadow
3a Ill-defined Slightly echogenic Absent Absent
3b Well-defined Echogenic Absent Absent
3¢ Variable Echogenic Present Absent
3d Well-defined Echogenic Absent Present (faint)

(b)

Figure 1. US image (a) and schematic (b) of LDHC 3a classification. Nodule with ill-defined margin,
slightly echogenic, without anechoic area and without posterior acoustic shadow.

(b)

Figure 2. US image (a) and schematic (b) of LDHC 3b classification. Nodule with well-defined margin,
echogenic, without anechoic area and without posterior acoustic shadow.
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(b)

Figure 3. US image (a) and schematic (b) of LDHC 3c classification. Nodule with variable margin (in
this case ill-defined), echogenic with anechoic area, and without posterior acoustic shadow.

(b)

Figure 4. US image (a) and schematic (b) of LDHC 3d classification. Nodule with well-defined margin,
echogenic, without anechoic area, and with faint posterior acoustic shadow.

Table 5. Quantity of nodules classified according to the qualitative US evaluation.

LDHC Number of nodules
3a 35
3b 12
3c
3d 7

4. DISCUSSION

According to the systematic review that proposed to compare different methods for non-clinical diag-
nosis of lipedema it is necessary to establish an imaging method that unveils the pathogenesis of the disease
and a tool capable of distinguishing lipedema from obesity, both requirements found in ultrasound [12].
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Ultrasound is a widely accessible imaging modality that can be performed without radiation exposure
or contrast agent administration, and it can be applied in overweight individuals without the limitations
encountered in MRI and CT, where gantry diameter and table load capacity often represent the main con-
straints for patient size. Moreover, within the same examination, ultrasound can diagnose lipedema and
differentiate it from obesity, lymphedema or venous insufficiency.

Ultrasonographic dermal and hypodermic alterations associated with hyperechoic nodules in patients
with lipedema were already known; however, their microscopic analysis in a case report, demonstrated that
they represent hemorrhage, as well as providing new insights into the presence of ischemia in these tissues.
The different patterns of nodules suggest the need for subclassifications that consider these variables, which
appear to encompass the evolutionary phases from ischemia to fibrosis and could propose distinct therapies
for each one [8].

Identifying a subcutaneous nodule on US in a patient with lipedema is a marker of hemorrhagic focus,
resulting from immature neoangiogenesis secondary to ischemia and increased pressure in the subcutaneous
compartment (suggested by the increased RI). Other factors were also revealed by microscopy, including in-
flammation and fibrosis [8].

Nodules classified as LDHC 3a and 3b were more frequent, given the absence of anechoic areas and
faint posterior acoustic shadow, which may indicate an evolutionary correlation or time since their for-
mation, indicating the degree of degradation or resorption of hemorrhagic tissue. There may also be a cor-
relation with the degree of ischemia or even the volume of local hemorrhage.

LDHC 3c classification was the least frequent, with the same proportion as LDHC 3d. The reason for
the finding of an anechoic area is uncertain, but it can match a focal resorption of hemorrhage, possibly
corresponding to hemosiderin deposition. It could represent an area of central necrosis, which microscopi-
cally could correspond to steatonecrosis. Another possibility is that it represents a new recent hemorrhagic
area within an older one.

In LDHC 3d, the posterior acoustic shadow could correspond to an area with increased tissue density,
either due to expansion of the hemorrhagic area or even transformation into fibrosis, as part of the evolution
toward chronicity of these nodules.

It is important to note that the different types of nodules are not correlated with clinical findings of
skin bruises or palpable irregularities of the skin. Instead, they may be clinically related to a painful point
that possibly presents sonographically as hemorrhage in different evolutionary patterns, which could be
categorized and monitored by ultrasound.

It is emphasized that, in clinical practice, physicians should systematically apply this subclassification
to more accurately monitor disease progression and evaluate therapeutic response, ensuring uniformity in
describing findings and facilitating comparability between different centers.

5. CONCLUSION

Ultrasound (US) is an essential tool in the diagnosis of lipedema; providing objective, qualitative and
highly reliable data. The LDHC classification complements the quantitative diagnostic evaluation by de-
scribing structural changes in the dermis and hypodermis. Nodules identified in the subcutaneous tissue of
patients with lipedema (LDHC 3) can be further subdivided into four distinct US patterns, suggesting dif-
ferent stages of evolution of the same nodule or different consequences of the same cause. Further studies with
histological analysis, elastography or Doppler are needed to better assess the composition of each of these
nodules. This could help with more precise staging and therapeutic monitoring. A high inter-observer agree-
ment was observed applying the new subclassification of the nodules, demonstrating the consistency of the
method regardless of the equipment used. The integration of imaging with histopathology promises to en-
hance diagnostic accuracy and guide personalized management strategies.
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