European Journal of Physical and Rehabilitation Medicine
EDIZIONI MINERVA MEDICA

ARTICLE ONLINE FIRST
This provisional PDF corresponds to the article as it appeared upon acceptance.
A copyedited and fully formatted version will be made available soon.
The final version may contain major or minor changes.

From Histo-anatomy to Sonography in Lymphedema:
EURO-MUSCULUS/USPRM Approach

Vincenzo RICCI, Costantino RICCI, Fabrizio GERVASONI, Arnaldo ANDREOLLI,
Levent OZCAKAR

European Journal of Physical and Rehabilitation Medicine 2021 Apr 16
DOI: 10.23736/S1973-9087.21.06853-2

Article type: Special Article
© 2021 EDIZIONI MINERVA MEDICA

Article first published online: April 16, 2021
Manuscript accepted: April 14, 2021
Manuscript revised: April 12, 2021
Manuscript received: January 31, 2021

Subscription: Information about subscribing to Minerva Medica journals is online at:
http://www.minervamedica.it/en/how-to-order-journals.php
Reprints and permissions: For information about reprints and permissions send an email to:
journals.dept@minervamedica.it - journals2.dept@minervamedica.it - journals6.dept@minervamedica.it

EDIZIONI MINERVA MEDICA



http://www.minervamedica.it/en/how-to-order-journals.php
mailto:journals.dept@minervamedica.it
mailto:journals2.dept@minervamedica.it
mailto:journals6.dept@minervamedica.it
http://www.tcpdf.org

COPYRIGHT® EDIZIONI MINERVA MEDICA

From Histo-anatomy to Sonography in Lymphedema: EURO-MUSCULUS/USPRM Approach

Vincenzo Ricci 1, Costantino Ricci 23, Fabrizio Gervasoni !, Arnaldo Andreoli ?,

Levent Ozcakar, *

L Physical and Rehabilitation Medicine Unit, “Luigi Sacco” University Hospital,
A.S.S.T. Fatebenefratelli-Sacco, Milan, Italy

2 pathology Unit, Maggiore Hospital, Bologna, Italy

3 Department of Experimental, Diagnostic and Specialty Medicine (DIMES), University of Bologna,
Bologna, ltaly

4Hacettepe University Medical School, Department of Physical and Rehabilitation Medicine

Ankara, Turkey

Corresponding author:
Vincenzo Ricci
Physical and Rehabilitation Medicine Unit, Luigi Sacco Hospital, University of Milan, Milan, Italy

E-mail: vincenzo.ricci58 @gmail.com

ORCID ID: 0000-0003-2576-2039

Author Disclosures:
Conflict of interest: None. No funding was received.

A written permission was obtained from the patients.

This document is protected by infemational copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one
copy of this Article. It is not permifted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distibute
the electronic copy of the article through online infemet and/or infranet file sharing systems, electronic mailing or any other means which may allow access fo the Article. The use of all or any
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commmercial use is not
permitted. It is not permitted fo remove, cover, overlay, obscure, block, or change any copyright nofices or ferms of use which the Publisher may post on the Aricle. It is not permitted to
frame or use framina techniaues to enclose any frademark, loao, or other proprietary information of the Publisher.


mailto:vincenzo.ricci58@gmail.com

COPYRIGHT® EDIZIONI MINERVA MEDICA

ABSTRACT

Lymphedema is a disorder characterized by the accumulation of protein-rich lymphatic fluid in the
cutaneous and subcutaneous tissue. Based on the underlying causes, it is classified into primary and
secondary forms. The use of ultrasound has recently become widespread in the field of lymphedema
- especially for its diagnosis and treatment planning. In this sense/paper, we briefly review the
anatomy and histology of the skin and subcutaneous tissue - in an attempt to propose a
standardized ultrasound assessment of the superficial tissues in patients with upper/lower limb
lymphedema. We believe that identification of the sono-histological patterns of the dermo-
epidermal complex and subcutaneous tissue has place to serve as a simple and reproducible
strategy to evaluate their edema diseases that are often subject to an inaccurate diagnosis in daily

clinical practice.
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EURO-MUSCULUS

European Musculoskeletal Ultrasound Study Group in Physical and Rehabilitation Medicine
USPRM

Ultrasound Study Group of the International Society of Physical and Rehabilitation Medicine

(ISPRM)
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INTRODUCTION

Due to several reasons/diseases, lymphedema (LE) represents a chronic and disabling pathological
condition with increasing frequency in the population. With its primary and secondary forms, LE has
therefore a significant impact on the health and social assistance systems.! In this sense, prompt
diagnosing/staging is paramount to accurately plan for conservative/surgical treatment. Recently,
the commonly used clinical tools to evaluate these patients in daily practice (e.g. limb
circumference/volume, skin indentation, soft tissue stiffness, Stemmer sign) are coupled with
specific US features to optimize the management of LE.2 Actually, several authors have already
reported the potentiality of US assessment to accurately evaluate the presence and spatial
distribution of fluids, cellular infiltration, and fibrotic tissue in the lymphedematous limbs. 28

To this end, comprehensive knowledge of the anatomy of the peripheral lymphatic system and the
histological architecture of the superficial tissues would be paramount to better understand the
sonographic patterns of LE. In this regard, similar to the former protocols of the EURO-
MUSCULUS/USPRM *,°-1> we have briefly reviewed the anatomy and histology of the skin and the
subcutaneous tissue to allow a standardized US examination as well as correct interpretation of the

sonographic findings.

ANATOMY

Lymphatic capillaries - located immediately below the epidermis - appear as thin tubular structures
without an endo-luminal valve system and are characterized by gaps between the endothelial cells
that ensure high permeability to the interstitial fluid. Additionally, they have an open-ended
superficial edge defining the peripheral lymphatic system as an open system.'®1” Fluids drained
from the interstitial space are then directed - by the network of lymphatic capillaries - towards a

second level canalicular system that consists of pre-collectors. The latter are located in the deep
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dermis and equipped with unidirectional valves that guarantee a “vertical” lymphatic flow towards
the lymphatic collectors in the subcutaneous tissue (Figure 1).15'7 Lymphatic collectors, housed in
the fibrous scaffold interposed between the adipose lobules of the subcutaneous tissue, are
organized in superficial and deep networks interconnected by vertical/oblique communications.
Through endo-luminal valves and smooth muscle cells (with peristaltic activity), they ensure a

“horizontal” lymphatic flow conveying the fluids to the relative lymph node stations (Figure 1). 168

HISTOLOGY

Normal skin presents a multilayered composition consisting of epidermis, dermis, and subcutis. 1%:2°
The dermis consists of two layers: the papillary dermis and the reticular one.'®?° The papillary
dermis represents a thin layer - beneath the epidermis and between the rete ridges - that comprises
a unique morpho-functional unit with the epidermis. Conversely, the reticular dermis is thicker and
lies between the papillary dermis and the subcutaneous tissue (Figure 2).1°2! The papillary dermis
presents a mixture of finely woven meshwork - composed of type Il collagen fibers and thin elastic
fibers - arranged in a complex network wrapping the blood and lymphatic vessels running beneath
the dermal-epidermal junction.®2!

The reticular dermis, on the other hand, is characterized by thicker elastic fibers and type | collagen
bundles extending horizontally in various directions.’®?! Of note, the two layers of the dermis
greatly differ from each other - not only for the spatial architecture but also for the distribution of
lymphovascular components.??2?3 The papillary dermis contains the superficial lymphovascular
plexus consisting of an intricated network of arterioles, venules, capillaries, and lymphatic vessels -
highly anastomosed to each other - in close proximity to the epidermis and extending into each
dermal papilla.???3 Instead, the reticular dermis presents a lower number of (small) lymphovascular

structures required for its metabolic sustenance. Herein, it is mainly characterized by vertically-
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oriented blood and lymphatic vessels that directly connect the superficial plexus to the deep one
located in the subcutis.???3 The vertical vessels are of larger caliber, have different and more
complex multilayer composition and, are in continuity with lymphovascular branches extending
within fibrous septae (the fibrous scaffold) located between the adipose lobules of underlying
subcutaneous tissue.'®?® The aforementioned differences in the lymphovascular networks and
composition of the extracellular matrix of the stroma make the reticular dermis more compact and
less sensitive to edematous and inflammatory processes compared to the papillary dermis (Figure
2).1923

Subcutaneous tissue consists of lobules of mature adipocytes separated from each other by thin
fibrous septae (the intercellular matrix) that form a complex net through which small
lymphovascular structures course (Figure 3).1%23 This complex and thin structural network provides
mechanical stability by compartmentalizing subcutaneous fat and connecting it to the reticular
dermis. Moreover, the intercellular matrix is directly connected to thicker fibrous septae that
separate the fatty lobules (the fibrous scaffold) within which blood and lymphatic vessels of larger
caliber course - draining the subcutaneous fat and communicating with the lymphovascular

components of the reticular dermis (Figure 4).1%23

ULTRASOUND IMAGING

First and foremost, the use of a large amount of gel (i.e. gel standoff technique) is a prerequisite to
avoid compression of the cutis/subcutis during imaging. This is important for correct assessment of
the real thickness of different layers and the spatial arrangement of fluids. Moreover, comparative
scanning (pathological vs. normal side) and identification of the specific anatomical areas of the
limbs to image (i.e. target zones related to the distribution of the lymphosomes) will guarantee

reproducibility of the US features as well as their precision during follow up.?> In this regard, the

This document is protected by infemational copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one
copy of this Article. It is not permifted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distibute
the electronic copy of the article through online infemet and/or infranet file sharing systems, electronic mailing or any other means which may allow access fo the Article. The use of all or any
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commmercial use is not
permitted. It is not permitted fo remove, cover, overlay, obscure, block, or change any copyright nofices or ferms of use which the Publisher may post on the Aricle. It is not permitted to
frame or use framina techniaues to enclose any frademark, loao, or other proprietary information of the Publisher.



COPYRIGHT® EDIZIONI MINERVA MEDICA

authors suggest performing a standardized sonographic approach both as regards the anatomic
areas (Table 1) and the different tissue layers in each and every area (starting from the DEC and
progressively evaluating the deeper histological components of the subcutaneous layers) using
various probe manuevers (e.g. lateral shift, tilting).

Of note, the more superficial canalicular system - lymphatic capillaries and pre-collectors located in
the dermis (i.e. subepidermal lymphatic plexus) - is not directly visible with the linear US probe (6-
18 MHz) commonly used in musculoskeletal practice. Herewith, indirect signs of pathology (e.g.
changes in thickness and/or echogenicity of the tissues) can precisely be evaluated - knowing the
trilaminar structure of the normal dermo-epidermal complex (DEC) i.e. hyperechoic - hypoechoic -
hyperechoic layers (Figure 1).23 The superficial hyperechoic band is generated by the reflective
interface between the gel and the stratum corneum of the epidermis. The intermediate band -
representing the papillary dermis - is hypoechoic due to the high water content, and the deep
hyperechoic layer is generated by the peculiar content/orientation of the collagen fibers of the
reticular dermis.® Immediately deep to the trilaminar structure of the DEC, the dermo-hypodermal
junction is easily recognizable as a continuous line - due to the marked difference of the echotexture
of the subcutaneous tissue.

On the other hand, the more deep canalicular component - harboring lymphatic collectors - is clearly
visible in case of pathologies due to progressive dilatation of the lymphatic channels with

disorganization of the hyperechoic fibrous scaffold of the subcutaneous tissue.?3

1. Dermo-Epidermal Complex
During the sonographic assessment, the following (main) patterns need to be sought (Figures 5,6):

1.1 Dermal edema with enlarged interstitial space
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Dermal edema is a complex phenomenon starting with dilatation of the subepidermal lymphatic
plexus (i.e. lymphatic capillaries and pre-collectors). It progressively leads to extravasation of fluid
in the interstitial space of dermis with the development of vessel-like structures among the
endothelial cell-free collagen bundles (i.e. dermal backflow).?4?> These histological changes may
involve the papillary and/or the reticular dermis leading to an increase in the DEC thickness and a
reduction of its echogenicity (i.e. hypoechoic dermis). Of note, dermal edema usually involves the
papillary dermis earlier than the reticular dermis due to the different distributions of lymphatic and
blood vessels and the different quality and spatial arrangement of the collagen fibers.1>2* Some
authors have also/even suggested a link between the dermal edema and paresthesias - due to
stretching and irritation of the dermal sensory terminations.®

1.2 Dermal sclerosis with infiltrative phenomena

Cellular infiltration of the dermis leading to a disorganization of the classical trilaminar structure of
the DEC (i.e. hyper-hypo-hyperechoic layers) is seen along with a marked increase of the DEC
thickness and echogenicity (i.e. hyperechoic dermis).

1.3 Dermal sclerosis with fibrotic involution

In the chronic phase, progressive deposition of collagen fibers causes changes in the DEC thickness
and increase of its echogenicity. This is true until the disappearance of the dermo-hypodermal
interface (i.e. undifferentiated dermis) - making the exact measurement of the different layers
difficult or even impossible.

Using the aforementioned sono-histological classification of the DEC, it is possible to promptly
differentiate a “fluid pattern” - typical for the acute phase of the disease and reversible with a
targeted treatment - from a “sclerotic pattern”. The latter actually ensues in a more advanced phase

of the disease and may progressively evolve to an irreversible condition i.e. the dermal fibrosis. %
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2. Subcutaneous Tissue

During the sonographic assessment, the following (main) patterns need to be sought (Figures 5,7,8):
2.1 Dilatation of the lymphatic collectors of the fibrous scaffold

Fluids progressively dilate the lymphatic collectors leading to disappearance of the (hyperechoic)
fibrous scaffold of the subcutaneous tissue and increase in its thickness with multiple anechoic
tubular structures. These are highly interconnected with each other and dissociate the adipose
lobules (i.e. ‘cobblestone’ pattern) (Figure 7). It is noteworthy that massive distension of the
lymphatic collectors can cause mechanical disruption of the collagen fibers of the subcutaneous
tissue (fibrous scaffold and intercellular stroma of the adipose lobules) with the formation of
lymphatic lakes. Different from the dilatated lymphatic collectors that collapse during sono-
palpation (and slowly refilled upon lifting the probe), fluids contained within the lymphatic lakes are
not easily compressible with the probe.?®

2.2 Edema and infiltrative phenomena of the adipose lobules

Fluid and cellular infiltration of the stromal component of the adipose lobules lead to an increase of
the thickness and echogenicity of the subcutaneous tissue with poor visualization of the surrounding
fibrous scaffold. Hypoechoic fatty lobules are progressively replaced by a diffuse and coarse
hyperechoic background, also known as the ‘snowfall’ (i.e. sclero-edematous) pattern (Figure 8). In
this pathological condition, the fluid pressure induces a mechanical deformation of the stromal
matrix of the adipose lobules until the development of a network of intercellular micro-cracks.
Inside these novel tissue cavitations, fluids can accumulate; but - different from the lymphatic
collectors which are equipped with smooth muscle cells and peristaltic activity - the “neo-channels”
do not have their own propelling force.?®

2.3 Subcutaneous sclerosis with fibrotic involution
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In the chronic phase, adipose lobules are progressively replaced by collagen fibers and fibrotic tissue
- leading to a reduction of the subcutaneous thickness and an increase of its echogenicity (i.e. fibro-
sclerotic pattern). Herein, as previously described for dermal fibrosis, subcutis fibrosis can also be
associated with the disappearance of the dermo-hypodermal interface - a sonographic sign of local
atrophy (Figure 8). For sure, in clinical practice, two or more patterns of the subcutaneous tissue
can coexist in the same patient e.g. dilatation of the lymphatic collectors of the fibrous scaffold and
sclero-edema of the adipose lobules. Accordingly, a detailed description of the mixed pattern is
paramount to exactly define the pathological condition of that particular case. Of note, in patients
with a predominant pattern of lymphatic collectors’ dilatation, fluids are mainly confined in a
canalicular system (i.e. a collection system housed inside the fibrous scaffold). On the other hand,
in patients with a predominant pattern of sclero-edema of the adipose lobules, fluids are widely
diffuse in the stromal matrix of the fatty lobules (i.e. in the intercellular network). Herein, the
different spatial distribution of the edema should be carefully considered during the management
of these patients (Figure 8).

Lastly, in some anatomical areas (e.g. hand), special sonographic patterns may be detected due to
the atypical arrangement of the superficial tissues. For instance, due to the presence of several
dorsal fasciae of the hand (i.e. dorsal superficial, dorsal intermediate, dorsal deep and the
subvenous fascia), pathological changes of the DEC are often associated with dilatation of the
superficial dorsal venous plexus (i.e. ‘black bubbles’ interface) and irregular edema of the
subcutaneous tissue (i.e. ‘striped’ pattern) (Figure 9).?” Likewise, in the advanced stage of the
disease, fibrotic tissue can progressively envelop the wall of superficial veins - i.e. perivascular

fibrosis - generating a peculiar sonographic finding also known as the “white ring sign”.
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CLINICAL REHABILITATION IMPACT

Physical examination and anthropometric measurements of the edematous limbs are still the
cornerstones in the management of patients with LE. Herewith, owing to its convenience and the
ever-developing technology providing high-frequency probes and high-resolution imaging, US
evaluation is inevitable and already/rapidly taking its invaluable place in the management of LE.??
While the optimal timing and number of US evaluations are not well established,?®33 the authors
believe that repeat US imaging (with close monitorization) could help better plan the rehabilitation
strategies i.e. for selecting necessary therapeutic methods/orthoses in particular patients/scenarios
at different disease stages.3* In one study, sonographic skin thickness measurements have shown
that a combination of complex decongestive therapy (CDT) and progressive resistance exercises was
found to be superior to CDT alone.?® Likewise, in another study, sonographic monitoring at two-
week follow-ups after CDT clearly demonstrated significant reduction of the soft tissue thickness in
lymphedematous limbs.? Additionally, US measurements were also reported to be highly correlated
with the commonly used anthropometric tools.*?°

Needless to say, US examination always follows the clinical assessment in daily clinical practice.
Indeed, sonographic mapping of the superficial tissues represents an easy tool to i. promptly define
the histological layers involved in the pathological process, ii. quantify those tissues before and after
the treatment and iii. understand (especially) the sono-histological patterns of involvement.267:24
To this end, using the aforementioned US protocol, the authors believe that a specific diagnosis can
be established which, in turn, would help tailor the treatment as well. Yet, several authors have
clearly demonstrated that peculiar patterns of fluid distribution in the (sub)cutis could be refractory
to some treatments.>30-33

Suehiro et al.> have shown that the reduction of limb volume induced by CDT is limited if there is no

sonographic evidence of lymphatic collector dilatation of the fibrous scaffold in the subcutaneous
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tissue i.e. subcutaneous echo-free space (SEFS). Moreover, as the limb volume did not seem to
increase without the use of compression sleeves, the authors concluded that regular compression
therapy may not be necessary in LE in the absence of deep canalicular system distension.” Of note,
the SEFS is strongly correlated with the global status of extracellular fluids in the entire upper/lower
limb evaluated via bioelectrical impedance analysis.3! In this sense, the presence/intensity of
dilatation of the lymphatic collectors in the subcutaneous tissue may be considered as a quick and
easy-available tool in order to promptly perform a panoramic quantification of the edematous
status of a limb in the outpatient settings. Similarly, in another study, sonographic evidence of
cobblestone pattern was found to be a predictor of good response to intensive DCT whereby early
fluid evacuation also counteracted the fibrotic involution of the cutis/subcutis.3? Further, high
echogenicity of the subcutaneous tissue (fibro-sclerotic and/or sclero-edematous pattern) was
mentioned to be responsible for worse clinical and functional results after DCT.3? Based on the
aforementioned studies; the “fluid” patterns seem to identify the early stage of the disease which
is likely to be more responsive to CDT, compared to the more advanced phases (fibrotic involution
and tissue hardening). Unfortunately, poor data are available as regards other sono-histological
patterns of cutis/subcutis.

Using lymphoscintigraphy and immunohistopathology, Zaleska et al.?> have shown that in LE
patients with fluids out of the lymphatic channels, long-term utilization of intermittent pneumatic
compression might generate novel cavitations within the soft tissues - acting as novel pathways for
evacuating edema, expelling local cytokines and slowing the fibrosis process and collagen fiber
deposition.?® Therefore, we speculate that in case of sclero-edematous pattern of the adipose
lobules with distribution of fluids within the intercellular matrix (i.e. snowfall pattern), technical
adjustments of the intermittent pneumatic compression may be required in order to achieve better

clinical/functional results.
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CONCLUSION

Standardized US examination of the limbs in patients with LE represents a powerful tool in daily
practice - better defining the diagnosis, planning for the treatment and diligent monitoring during
the follow-up. As such, deep knowledge of the anatomy/histology of the superficial tissues and the
peripheral lymphatic system as well as the sono-histological patterns of involvement is paramount
in clinical practice. Last but not least, we believe that a standardized US approach (like described
above) can also facilitate a common language between different medical specialties and/or health
professionals. Accordingly, the inappropriate use of a huge number of “historical labels” (e.g.

adiposalgia, adiposis edematosa, fatty edema, lipidosis, column leg) could be avoided as well.3>3¢
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Table 1. Ultrasound imaging zones and features in lymphedema

ANATOMICAL AREAS
Arm proximal half of the medial quadrant

distal half of the medial quadrant
proximal half of the lateral quadrant
distal half of the lateral quadrant
Upper Limb Forearm  proximal half of the volar quadrant
distal half of the volar quadrant
proximal half of the dorsal quadrant
distal half of the dorsal quadrant
Hand dorsum of the hand/fingers
Thigh proximal half of the medial quadrant
distal half of the medial quadrant
proximal half of the lateral quadrant
distal half of the lateral quadrant
Lower Limb Leg proximal half of the medial quadrant
distal half of the medial quadrant
proximal half of the lateral quadrant
distal half of the lateral quadrant

Foot dorsum of the foot/fingers

SONOGRAPHIC FEATURES

Dermo-epidermal complex thickness *
sonographic pattern

Subcutaneous tissue thickness *
sonographic pattern

Extra findings §

* In patients with fibrotic involution, the dermo-hypodermal junction may not be easily detectable. In that case, the
total thickness of (the superficial) soft tissues - from the muscular fascia to the interface between the gel and the stratum
corneum of the epidermis - can be measured.

§ Lymphatic lakes, fascial delaminations, superficial venous thrombosis, positive color/power Doppler findings
compatible with infectious/inflammatory phenomena
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Figure Legends

Figure 1

Schematic drawing shows the lymphatic capillaries (Ca) in communication with the pre-collectors
(PreC) in the dermis, and the superficial (sC) and deep (dC) lymphatic collectors in the subcutaneous
tissue. Corresponding sonograms show the trilaminar structure of the normal dermo-epidermal

complex (DEC) and the echotexture of the subcutaneous tissue (SUBC).

red arrow: vertical lymphatic flow, black arrow: horizontal lymphatic flow, black circle: unidirectional valve

Figure 2

Normal papillary (P) and reticular (R) dermis with the superficial lymphovascular plexus (black
arrow) made of blood and lymphatic vessels (A) (H&E, Original magnification x100). Mild
inflammatory infiltrate (black arrow) of the papillary dermis (P) with no involvement of the reticular
(R) dermis (B) (H&E, Original magnification x80). Edema and moderate inflammatory infiltrate of
the papillary (P) dermis with telangiectasia (black arrow) of the superficial lymphovascular plexus
(C) (H&E, Original magnification x100). Severe inflammatory infiltrate of the papillary (P) and
reticular (R) dermis with disorganization of the physiological architecture of the dermo-epidermal
complex (D) (H&E, Original magnification x80).

H&E: hematoxylin and eosin

Figure 3

Mature adipocites (Ad) - separated by a thin intercellular matrix - are arranged in fatty lobules (L)
sustained by a thicker fibrous scaffold (black arrow) (A, B) (A: H&E, Original magnification x200; B:
H&E, Original magnification x50). Moderate (C) and severe (D) thickening of the fibrous scaffold
with rarefaction of the adipocytic lobules (L) (C: H&E, Original magnification x100) (D: H&E, Original

magnification x50). Edema, telangiectasia of the lymphatic and blood vessels, and inflammatory
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infiltrate (black arrow) of the intercellular matrix of adipose lobules (E, F) (E: H&E, Original
magnification x80; F: CD3, Original magnification x100).

H&E: hematoxylin and eosin; CD3: cluster of differentiation 3, immunohistochemical stain for T-cell lymphocytes.

Figure 4

Not-stained large venous vessel (black arrow) and stained small lymphatic vessels in the normal
fibrous scaffold (A, B) (A: D2-40, Original magnification x50; B: D2-40, Original magnification x100).
Not-stained small capillaries (black arrow) and stained small lymphatic vessels in the intercellular
matrix of the fatty lobule (C) (D2-40, Original magnification x200). Normal papillary dermis (P) with
stained small lymphatic vessels forming the superficial lymphovascular plexus just beneath the
epidermis (E) (D) (D2-40, Original magnification x100).

D2-40: sialoglycoprotein, immunohistochemical podoplanin stain for the lymphatic endothelium, Ad: adipocyte

Figure 5
Pathological findings and sonographic features to be examined during the basic scanning protocol

of the dermo-epidermal complex (DEC) and the subcutaneous tissue (SUBC).

Figure 6

The normal trilaminar structure of the dermo-epidermal complex (white arrowheads) (A). This
pattern gradually disappears in dermal edema (yellow arrowheads), usually starting from the
papillary dermis (B) and progressively/also involving the reticular dermis (C). Dermal sclerosis (red
arrowheads) which is initially characterized by cellular infiltration and thickening (D), can lead to
loss of the dermo-hypodermal interface (E) until the end-stage of dermal fibrosis (F). Schematic

drawing shows the different phases of dermal backflow with distension of the subepidermal
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lymphatic plexus (black lines) and rarefaction of the collagen bundles (brown dots) of the interstitial
space (G).

V:vein

Figure 7
Mild (A), moderate (B), and severe (C, D) dilatation of the lymphatic collectors - located inside the
fibrous scaffold of the subcutaneous tissue - until the complete disorganization of the subcutis

architecture and the development of the lymphatic lakes (white asterisks) (E, F).

V: vein

Figure 8

The normal subcutaneous tissue shows hypoechoic fatty lobules (L) and hyperechoic fibrous scaffold
(white arrowheads) (A). Fluids and cells can infiltrate the intercellular matrix of the adipose lobules
generating a ‘snowfall’ pattern with poor visualization of the scaffold (B). Simultaneous dilatation
of the lymphatic collectors (yellow arrowheads) can be detected in some patients (C). Fibrotic
involution is the end-stage of the disease with a lamellar pattern of the subcutaneous tissue (D).
Schematic drawing shows the spatial distribution of the fluids (red lines) inside the canalicular
system of the fibrous scaffold (black lines) or as widely diffuse in the stromal matrix (St) of the fatty

lobules (Lob) (E).

V: vein, Ad: adipocyte, blue dots: blood channels, green dots: lymphatic channels

Figure 9
Positioning the probe (red rectangle) over the dorsal surface of the hand/fingers (A). Dermal
sclerosis (white asterisks) associated with dilatation of the superficial dorsal veins (blue arrowheads)

and striped edema of the subcutaneous tissue (SUBC) is clearly visualized (B, C). In the chronic phase,
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fibrotic tissue (yellow arrowheads) wrapping the superficial veins (i.e. perivascular fibrosis) can be
identified as well (D).

PP: proximal phalanx, MC: metacarpal bone
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