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Abstract

Objective—Investigational, near-infrared fluorescence (NIRF) lymphatic imaging was used to
assess lymphatic architecture and contractile function in participants diagnosed with Dercum’s
disease, a rare, poorly understood disorder characterized by painful lipomas in subcutaneous
adipose tissues.

Design and Methods—After informed consent and as part of an FDA-approved feasibility
study to evaluate lymphatics in diseases in which their contribution has been implicated, three
women diagnosed with Dercum’s disease and four control subjects were imaged. Each participant
received multiple intradermal and subcutaneous injections of indocyanine green (ICG, total dose
<400ug) in arms, legs, and/or trunk. Immediately after injection, ICG was taken up by the
lymphatics and NIRF imaging was conducted.

Results—The lymphatics in the participants with Dercum’s disease were intact and dilated, yet
sluggishly propelled lymph when compared to control lymphatics. Palpation of regions containing
fluorescent lymphatic pathways revealed tender, fibrotic, tubular structures within the
subcutaneous adipose tissue that were associated with painful nodules, and, in some cases, masses
of fluorescent tissue indicating that some lipomas may represent tertiary lymphoid tissues.
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Conclusions—These data support the hypothesis that Dercum’s disease may be a
lymphovascular disorder and suggest a possible association between abnormal adipose tissue
deposition and abnormal lymphatic structure and function.
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Introduction

Dercum’s disease (DD), first described in 1888 (1) and also known as adiposis dolorosa
(WFS: OMIM 103200), is a rare adipose disorder that typically occurs in midlife. DD is
characterized by painful subcutaneous adipose tissues (SAT), frequently with lipomas or
distinct masses of SAT.(2, 3) Hansson, et al. proposed four classifications of DD including:
I. generalized, diffuse form characterized by widespread pain in the fatty tissue across the
body without clear lipomas; 11. generalized, nodular form characterized by widespread pain
in the SAT and intense pain in and around lipomas; I11. localized, nodular form
characterized by pain in and around lipomas; and IV. juxta-articular form where the painful
lipomas are associated primarily with the joints.(4) While the presence of chronic painful
lipomas is the distinguishing diagnostic criteria for DD, the majority of patients also suffer
psychiatric, cardiovascular, pulmonary, endocrine, gastrointestinal, and/or rheumatologic
symptoms. In addition, the patients are easily bruised and the lipomas are unaffected by
weight loss.(3) The etiology of DD is not well understood and, as described in a recent
review (4), a number of unsubstantiated theories have been suggested including endocrine
dysfunction, nervous system dysfunction, mechanical pressure on nerves, adipose tissue
dysfunction, inflammation, and trauma. The pain associated with the lipomas generally
responds poorly to traditional analgesics and while numerous therapeutic approaches,
including liposuction (5) and lipectomy (6, 7), have been described in the literature (see (4,
8) for review) none have been widely adopted as standard-of-care.

One non-surgical approach that has been reported to reduce the volume of SAT in
individuals with DD is manual lymphatic drainage similar to that utilized to reduce swelling
associated with lymphedema (9). Indeed, DD was described as a disorder of the
“haemolymph” system by Dercum (10) and “a general disease of the lymphatic system” (11)
suggesting that dysfunction in the hemovascular and/or lymphatic systems may contribute to
the development of lipomas. In addition, when the affected tissue is diffuse, DD shares
many similarities to lipedema, another adipose disorder with known lymphatic involvement
(for discussion see (8)).

The lymphatic system is a secondary circulatory system that plays a role in fluid
homeostasis, protein transport, and immune response and is increasingly implicated in
diseases such as diabetes, asthma, and fatty disorders.(12-14) The involvement of the
lymphatic system in common as well as rare diseases, however, is poorly understood due in
part to our inability to readily resolve the fine lymphatic structures and subtle contractile
function using clinically available imaging modalities such as lymphoscintigraphy.
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Recently, we employed investigational near-infrared fluorescence (NIRF) lymphatic
imaging to characterize aberrant lymphatic involvement in a patient with capillary
malformation-arteriovenous malformation and, in a mouse model, validated that the
patient’s causative RASA1 gene variant resulted in a lympho-proliferative phenotype (15,
16). Herein, we sought to directly evaluate whether a lymphatic contribution is associated
with DD in an investigational imaging study of three participants diagnosed with rare DD.

NIRF lymphatic imaging of human lymphatics in health and in lymphedema has previously
been described in detail.(17, 18) Briefly, as part of a broader institutional review board-
approved study of lymphatic disorders conducted under Food and Drug Administration
approval (IND# 102,827) and funded by the National Heart Lung and Blood Institute of the
National Institutes of Health (Clinical Trials No. NCT00833599: “Imaging lymphatic
function in normal subjects and in persons with lymphatic disorders,”
www.clinicaltrials.gov), the cutaneous collecting and conducting lymphatics of three
participants previously diagnosed with generalized, nodular DD were imaged as well as
those of four control participants. The three DD participants were females, aged 52, 56, and
45, with body mass indexes of 30.5, 31.9, and 30.9 respectively. The DD participants were
not diagnosed nor treated in our clinic though a consultation was performed to confirm the
presence of lipomas; their SAT was globally distributed, as is common in Dercum’s disease
(3), though the hands, feet and face were spared. The DD participants reported the official
diagnoses to have occurred approximately 18 months prior to imaging with symptoms being
present for as long as 17 years (DD1). Self-reported treatments included bandaging, manual
lymphatic drainage, and the surgical resection of lipomas. While telangiectasia was observed
in the lower right leg of DD1, varicose veins were not observed in any of the participants.
The control participants were not matched via recruitment, but rather were selected from an
existing pool of previously imaged healthy subjects based on their BMI and the location of
their injection sites. Male control participants were included as, with the exception of
lymphatic pressure(19), little variation between male and female lymphatic architecture and
contractile function in non-genital areas has been reported. The control participants
presented herein include two females (aged 29 and 37) and two males (aged 47 and 35) with
BMIs of 25.0, 29.9, 30.2, and 32.2 respectively.

Following informed consent each participant received 12 to 16 subcutaneous or intradermal
injections of 25 pg indocyanine green (ICG) in 0.1 mL saline with a maximum total dose
<400 pg. The number and location of injections varied by participant dependent upon the
sites of lipomas and SAT accumulation. As illustrated in Figure 1 the first Dercum’s
participant (DD1) received six intradermal injections in each leg and two intradermal
injections in the lower abdomen; the second (DD2) received 6 intradermal injections in each
arm and two injections above each breast; and the third (DD3) received five intradermal
injections on the left arm as well as one cutaneous injection in the upper left arm; six
intradermal injections on the right leg; one subcutaneous and two intradermal injections on
the abdomen; and one intradermal injection on the midline of the lower spine. The first
female control participant (NC1) received injections at the same sites as DD1 plus an
additional injection above and below the left buttock; the second (NC2) received six
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injections in each arm in the same locations as DD2 (without the injections above the
breasts); the first male participant (NC3) received six injections in each leg in the same
locations as DD1 (without the abdominal injections); and the second (NC4) received six
injections in each arm in the same locations as DD2 (without the injections above the
breasts). The injection sites were covered with small circular bandages to prevent drainage
of dye onto the skin and, when needed, with black vinyl tape to prevent oversaturation of the
camera due to the brightness of the ICG at the injection site. Subject DD2 had pitting
lymphedema of the lower extremities as determined by the formation of an indentation in
the tissue after applying pressure with the index finger for five seconds; the relationship of
the lymphedema to her DD is unknown.

Immediately following ICG administration in the arms, legs, and/or trunk, NIRF lymphatic
imaging was conducted for approximately two hours. During that time, the lymphatic
channels, identified by the fluorescent signals, were gently palpated to identify whether they
corresponded to lipomas or painful SAT.

NIRF lymphatic imaging indicated that the lymphatics of each of the three participants with
Dercum’s disease were well-defined similar to those seen in the normal participants as well
as in normal subjects imaged previously (17, 18, 20). No dermal backflow or extravascular
dye, as commonly observed by NIRF lymphatic imaging in lymphedema subjects (17, 18,
20, 21), was observed in these participants. However, abnormal lymphatic capillaries were
observed radiating from some injection sites while other lymphatics appeared tortuous,
dilated with sluggish lymph flow, and/or were associated with painful, nodular SAT as
identified by palpation.

Figure 2 depicts the montage of NIRF lymphatic images demarking the lymphatics of the
dorsal arm of (A) participant DD3, whose general phenotype is similar to participant DD2,
normal participant (B) NC2, and (C) NC4. The flow in the dilated lymphatics vessels in the
arm of DD3 (see Supplemental Video 1) was “sluggish” as compared to the flow in the arm
of NC2 (see Supplemental Video 2). Abnormal fluorescent lymphatic capillaries were
observed radiating from injection sites on the hand and wrists of both DD3 (arrowhead in
Figure 2A)) and DD2.

Figure 3 illustrates the anterior and medial view of leg lymphatics in normal participant NC3
(Figures 3(A) and 3(B)) and in participant DD3 (Figures 3(C) and 3(D)). Leg lymphatics in
participants DD3 (see Supplemental Video 3) and DD1 were dilated with “sluggish” flow as
compared to NC3 (see Supplemental Video 4). For example, Figure 4A) shows two
lymphatic vessels in the medial knee of DD1 that were so enlarged (compared to those
observed in participant NC3, Figure 4B)) that they initially appeared to be an elongated
patch of diffuse extravascular ICG located in the SAT. Through the visualization of
propagating fluorescent lymph they are distinctly identified as functioning lymphatic vessels
(see Supplemental Videos 5 and 6 depicting comparison of lymphatic flow in the leg of DD1
and a normal control subject (reproduced with permission from (16))). We also observed
distinct segmentations, or lymphangions in the lymphatic vessels of the lower legs that did
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not appear to drain into inguinal lymph nodes, but rather, in the case of participant DD3, into
a painful, fluorescent, fibrotic mass in the inguinal region (arrowhead in Figure 3C)).
Palpation of the lymphatics in the upper medial calf revealed fibrotic and nodular vessel-like
structures which directly corresponded to the fluorescent tracks (see Supplemental Videos 7
and 8, depicting palpation of fluorescent lymphatics in the inguinal and knee regions of DD3
respectively).

The lymphatic drainage patterns in the abdomen of normal participant (NC1) and in
participant DD3 are shown in the montages in Figure 5. Figure 5A) illustrates the lymphatics
that drain from the ICG injection sites near the navel to the left inguinal lymph node basin.
In contrast, Figure 5B) illustrates the lymphatics in DD3 that drain from the ICG injection
sites into a painful fibrotic mass located near the right inguinal lymph node basin
(arrowhead in Figures (5B) and (3C)), draining irregularly toward the left inguinal lymph
node basin and from the lower back of the participant (Figure 5C)). The abdominal
lymphatic drainage in DD1 was also abnormal and contained tortuous vessels that drained
towards the inguinal lymph nodes. Clearly the abdominal and leg drainage patterns differ in
these DD participants as compared to normal participants.

Discussion

Painful SAT-associated lipomas are a hallmark of DD. Dr. Dercum postulated that
lymphatics were integral to this disease over one hundred and twenty-five years ago.(1) We
confirm this assumption finding dilated, sluggish, tortuous, and tender lymphatics in three
women with DD. The lymphatic vessels were large enough to be palpated and appeared to
be associated with lipomas in the SAT. In one case, a mass of strongly fluorescent tissue in
line with a lymphatic vessel was suggestive of the presence of tertiary lymphoid tissue. The
presence of the observed lymphatic abnormalities did not appear to be associated with
scarring from prior surgical procedures nor with the telangiectasia observed in DD1.

There is a close association between the lymphatics and adipose tissue in both health and
disease. For example, lymph nodes and lymphatic vessels are always in close physical
association with adipose tissues (22-24). In disease, lymphatic insufficiency due to inherited
lymphatic abnormalities, injury, or obstruction of the lymphatic leads to lymphedema,
consisting of impairment/alteration of immune responses, accumulation of lymphatic fluid
and protein, as well as increased SAT. In a haplo-insufficient mouse model of lymphatic
dysfunction, the loss of PROX-1 gene expression necessary for the development and
maintenance of the lymphatic vasculature results in aberrant lymphatic repatterning, adult
onset of obesity (13), and impaired lymph transport (25). More recently, lymphatic fluid
stasis has been associated with key adipogenic factors including peroxisome proliferator-
activated receptor gamma (PPAR-gamma) and CCAAT/enhanced binding protein-alpha
(CEBP-alpha), as well as the metabolically active protein adiponectin (26) — all shown to be
master regulators of adiogenesis (27). While this study does not imply any molecular
mechanism for DD, it nonetheless points to the involvement of the lymphatics in DD
lipomas and confirms the original hypothesis of Dr. Dercum as a disorder associated with
the lymphatics.
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Unfortunately other imaging modalities were not used in this study as they are outside the
scope of the FDA approved feasibility study. However, because the lymphatics have little
endogenous contrast and their small size inhibits the introduction of large volumes of
exogenous contrast, the use of clinical imaging modalities such as x-ray computed
tomography, ultrasound, and magnetic resonance imaging has historically been limited.
Lymphoscintigraphy, following the intra- or sub-dermal administration of a radioisotope, is
commonly considered the ‘gold standard’ for lymphatic imaging; however because of the
limited number of gamma photons emitted, each lymphoscintigram requires minutes to
acquire and thus lacks the temporal resolution required to image lymphatic contractile
function. In addition, lymphoscintigrams are typically grainy and only larger lymphatic
trunks and abnormalities are resolved. As we have demonstrated herein, NIRF imaging
provides a unique opportunity to image the superficial lymphatics. However, the ability of
NIRF imaging to resolve deep (> 4 cm) lymphatics is limited owing to the physics of light
propagation in tissue. As near-infrared light travels though tissue, it undergoes multiple
scattering events prior to being absorbed or exiting the tissue. Because of this scattering,
fluorescent signals originating more deeply in the tissue will appear larger and more
unfocused than a comparable source at the surface. Indeed, when a fluorescent source is
sufficiently deep, its fluorescent signal at the tissue surface will be indistinguishable from
the background. In addition, because of the broadening effect of scatter, it is difficult to
determine the exact dimensions (i.e. diameters) of the lymphatics based solely on NIRF
images. Despite these limitations, many of the lymphatics in humans are located in the intra-
and sub-dermal tissues and as such are readily accessible by NIRF imaging. Indeed, while
few direct comprehensive comparisons have been done, Mihara et al., found that NIRF
imaging was superior to lymphoscintigraphy for diagnosing early stage lymphedema.(28)

To date there have been no systematic studies that evaluate the effect the time of day or
other external, systemic, or local factors have on lymphatic propulsion in humans. Based on
our experience, hydration may impact lymph flow and our subjects are asked to drink lots of
water prior to participation, however, no systematic measure of hydration is performed prior
to imaging. Animal studies in our laboratory have indicated that unhealed wounds affect
both the lymphatic architecture (29) and propulsion rate (unpublished), however none of the
control subjects nor the Dercums participants had local skin wounds. As mentioned above,
Unno et al. noted a difference in the pumping pressure required for active lymphatic
propulsion with age, but did not report the effect of pumping pressure on lymphatic
propulsion. (19

NIRF lymphatic imaging has been used to characterize patients with hereditary and acquired
lymphedema, demonstrating patterns of extravascular dye, dilated, non-contractile (or non-
conducting) lymphatic vessels, and lack of uptake of intradermally administered ICG.
Herein, a distinct NIRF lymphatic phenotype of dilated, conducting lymphatic vessels that
are palpable and that are associated with painful lipomas in the subcutaneous compartment
are visualized for the first time in three participants with DD. Indeed, this study may be the
first to directly implicate benign subcutaneous lipomas and aberrant adipose tissue
accumulation with the lymphatics in a human disease. Because this feasibility study only
provided a single snapshot in time after the onset of DD and had limited numbers of
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subjects, it is not known if the lymphatic abnormalities observed are a result of the disease
and/or contribute to its development and progression. Tissue specimens were not taken to
confirm the identity of lymphatic vessel involvement in DD lipomas, but this study suggests
that future characterization of the condition may include the markers of lymphatic
endothelial cells, (i.e. podplanin, PROX-1, LYVE-1, CD31) and consider the interplay
between adipose tissue and lymphatic vasculature. Future studies are needed to determine
whether lymphatic capillary uptake rates are compromised within initial lymphatics, and
whether increased lymphatic vessel tortuosity and dilation observed herein are precursive
and contributory to the development of DD or a progressive sequela of abnormal SAT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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—> intradermal
scar

DD2

Figure 1.
Injection sites for participants (A) DD1, (B) DD2, and (C) DD3. Dotted circles represent

areas with lipomas, solid arrows represent intradermal injections, dashed arrows represent
subcutaneous injections, and dashed lines represent scars observed on the subject.
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Figure 2.

NIgRF lymphatic imaging montages depicting dorsal arm lymphatics of participant (A) DD3
(BMI 30.9), (B) NC2 (BMI 29.9), and (C) NC4 (BMI 32.2). The arrowhead in (A) identifies
abnormal lymphatic capillary structures near the injection site on the back of DD3’s hand
and the arrow identifies tortuous lymphatic vasculature in the lower arm seen in both dorsal
and medial views. Injection sites are covered by round bandages and/or black vinyl tape. See
Supplemental Videos 1 and 2, showing the functional lymphatic drainage in NC2 and DD3
respectively.
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Figure 3.
NIRF lymphatic imaging montages of the (A) anterior aspect and (B) medial aspect of the

lymphatics in the left leg of NC3 (BMI 30.2) and (C) the anterior aspect and (D) medial
aspect of the lymphatics in the right leg of DD3 (BMI 30.9). The leg lymphatics of DD3 are
dilated in the anterior shin and a painful, fluorescent, fibrotic mass (arrowhead) was found in
the inguinal region. The lymphatics in the medial calf are dilated and correspond with
fibrotic and nodular tissues thought to be lymphatic vessels. Injection sites are covered by
round bandages and/or black vinyl tape. See Supplemental Videos 3 and 4, for a comparison
of functional lymphatic drainage in participants NC3 and DD3.
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Figure 4.
Lymphatic vessels in the medial left knee of (A) DD1 (BMI 30.5) and (B) NC3 (BMI 30.2).

(C) Montage of the lymphatics in the anterior left leg of DD1. See Supplemental Videos 5
and 6 for a comparison of functional lymphatic drainage in the medial knees of participants
NC3 and DD1. (B) Reproduced with permission from [16].
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Figure 5.
(A) NIRF lymphatic imaging montage of the lymphatic drainage to the inguinal region from

intradermal injections near the navel, above and below the buttock, and from the leg in NC1
(BMI 25.0). (B) Montage of the lymphatic drainage of the abdomen of DD3 (BMI 30.9).
The arrow identifies the location of a dim lymphatic vessel draining from the subcutaneous
injection below the right breast towards the sternum. The arrowhead identifies the location
of a fluorescent, painful fibrotic mass palpated in the right inguinal region and corresponds
to the arrowhead in Figure 2C. (C) NIRF lymphatic imaging montage illustrating the
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lymphatic drainage pattern from the intradermal injections on the abdomen and lower back
to the inguinal region of DD3. The arrowhead identifies abnormal lymphatic capillary
structures near the injection site on the back. Note the segmented appearance of the
lymphatics. Injection sites are covered by round bandages and/or black vinyl tape.
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