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Background Although lipedema is often clinically distinguished from lymphedema,
there is considerable overlap between the two entities. The purpose of this study was to
evaluate lymphoscintigraphic ﬁndings in patients with lipedema to better characterize
lymphatic ﬂow in this patient population.
Methods Patients with lipedema receiving lymphoscintigraphy between January 2015 and October 2017 were included. Patient demographics, clinical characteristics, and lymphoscintigraphic ﬁndings were extracted. Klienhan’s transport index (TI)
was utilized to assess lymphatic ﬂow in patient’s lower extremities (LEs).Scores ranged
from 0 to 45, with values > 10 denoting pathologic lymphatic transport.
Results A total of 19 total patients with lipedema underwent lymphoscintigraphic
evaluation. Mean age was 54.8 years and mean body mass index was 35.9 kg/m2.
Severity of lipedema was classiﬁed as stage 1 in ﬁve patients (26.3%), stage 2 in four
patients (21.1%), stage 3 in four patients (21.1%), and stage 4 in six patients (31.6%).
The mean TI for all extremities was 12.5; 24 (63.2%) LEs had a pathologic TI, including 7
LEs with stage 1 (29.2%), 3 LEs with stage 2 (12.5%), 6 LEs with stage 3 (25.0%), and 8
LEs with stage 4 lipedema (33.3%). The mean TI was signiﬁcantly greater for extremities
with severe (stage 3/4) lipedema than those with mild or moderate (stage 1/2)
lipedema (15.1 vs. 9.7, p ¼ 0.049). Mean difference in TI scores between each LE for
individual patients was 6.43 (standard deviation þ7.96).
Conclusion Our results suggest that patients with lipedema have impaired lymphatic
transport, and more severe lipedema may be associated with greater lymphatic
transport abnormalities.

Lipedema is an under-recognized chronic disorder characterized by localized adiposity, most often isolated to the
lower extremities (LEs). It is found almost exclusively in
women and is typically unresponsive to life-style modiﬁcations and weight loss.1 Estimates of the prevalence of
lipedema in adult women in the United States have been
reported to be as high as 11%.2 It is clinically distinguished
from lymphedema and other disorders that result in swelling

of the LEs by its relative sparing of the feet, negative
Stemmer’s sign, and bilateral involvement. Despite being a
relatively common disorder, lipedema is commonly misdiagnosed and an evidence-based theory for its pathophysiology
is lacking.3 Current theories for the pathogenesis of lipedema
involve multifactorial mechanisms that include genetics,
estrogen inﬂuenced adipose deposition, microangiopathy,
or lymphangiopathy.4
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Lymphoscintigraphic Findings in Lipedema

Methods
Patients presenting for surgical evaluation of their lipedema
between January 2015 and October 2017 were offered lymphoscintigraphy to assess their lymphatic ﬂow and determine
if lymphedema surgery may also be beneﬁcial. The protocol
and informed consent used for this study were approved by the
Institutional Review Board of the home institution, and all
research was performed in compliance with the Helsinki
doctrine. Informed consent was received by all patients prior
to inclusion in this study. Clinical diagnoses of lipedema were
assigned according to diagnostic criteria ﬁrst described by
Wold et al.1 Patients with adiposity or swelling without
relative sparing of the feet, Dercum’s disease, or other adipose
tissue disorders were excluded from this study. Patients with
clinical characteristics consistent with lipedema bilaterally
but with signiﬁcant asymmetric enlargement of a given LE
were included. Patient demographics, stage of lipedema, and
clinical characteristics were extracted for each patient. Stage of
lipedema was determined for each patient utilizing a previously reported four-stage system exhibited in ►Table 1.2 The
stage was equivalent for both extremities in all patients.
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Table 1 Four-stage classiﬁcation system for describing lipedema
Stage 1

Even skin surface with an enlarged hypodermis

Stage 2

Uneven skin pattern with development of a
nodular or mass-like appearance of
subcutaneous fat, lipomas, and/or angiolipomas

Stage 3

Large growths of nodular causing severe
contour deformity of the thighs and around
the knee

Stage 4

Presence of lipolymphedema

Lymphoscintigraphic Technique and Interpretation
Subcutaneous injection of a total of 1.5 mCi per extremity of
99mTc-sulfur colloid was performed under sterile technique
between both interdigital web spaces of the ﬁrst and second
toes, bilaterally. Dynamic 1-minute images just above the
injection site were obtained for 15 minutes. Subsequently,
planar images of the LEs up to the pelvis/abdomen were
acquired at 30 minutes and 1 or 1.5 hours following injection.
If adequate uptake and visualization of lymphatic vessels and
inguinal/parailiac lymph nodes were not observed, additional
planar images were acquired at 2 or 3 hours postinjection.
Lymphoscintigraphy scans were retrospectively interpreted
and scored by a senior nuclear medicine radiology attending
who was blinded to all patients’ lipedema staging. Scans were
visually assessed for the presence of delayed radiotracer
uptake/retention in the feet, collateral lymphatic vessels, or
dermal backﬂow. Time of the ﬁrst planar image demonstrating
radiotracer activity in the inguinal lymph nodes, parailiac
lymph nodes, and liver was recorded.
For semiquantitative evaluation of lymphatic drainage,
we used the numeric transport index (TI) described by
Kleinhans et al.12 By applying this index, we evaluated
transport kinetics according to ﬁve visually assessed criteria:
lymphatic transport kinetics (k), distribution pattern of the
radiopharmaceutical (d), time to appearance of lymph nodes
(t, minutes), visualization of lymph nodes (n), and visualization of lymph vessels (v). Scores range from 0 to 45, with
higher scores indicating greater impairments in ﬂow and TI
more than 10 denoting pathologic lymphatic transport. This
index has been shown to have a low interuser variability
when evaluating lymphedematous or normal limbs in prior
studies.12,13 Lymphatic transport was scored separately for
each LE to allow for evaluation of potential asymmetries in
lymphatic ﬂow.

Results
A total of 19 patients (38 LEs) with a clinical diagnosis of
lipedema received lymphoscintigraphic evaluation and were
included in this study. Mean age was 54.8 years (standard
deviation [SD]  12.1) and mean body mass index (BMI) was
35.9 kg/m2 (SD  10.7). No patients had a history of cancer
diagnosis, lymph node dissection, or radiation. A total of 10
(52.6%) patients had a history of pelvic or LE surgery, including
3 patients (15.8%) with LE liposuction, 2 patients (10.5%) with
hysterectomies, 2 patients (10.5%) with cesarean sections, and
Journal of Reconstructive Microsurgery

Vol. 36

No. 2/2020

Downloaded by: Vanderbilt University Library. Copyrighted material.

Although lipedema is often clinically distinguished from
lymphedema, there is considerable overlap between the two
entities, including the presence of increased interstitial ﬂuid
with thickening of the interstitium histologically.5,6 However,
in contrast to lymphedema, the increased interstitial ﬂuid in
the early stages of lipedema is thought to be related
to secondary lymphatic insult, such as mechanical obstruction
of the lymphatic capillaries due to the expansion of adipose
tissue, rather than primary defects within the lymphatics
themselves. As lipedema progresses to late-stage disease,
the development of numerous leaky “microaneurysms” in
lymphatic channels has been described and may further
contribute to lymphatic dysfunction and the development of
lipolymphedema.7 Previous studies have demonstrated enhanced adipocyte growth in the setting of excess lymphatic
ﬂuid.8 Therefore, the creation of a cycle of robust adipocyte
growth and damage to the lymphatic system may contribute to
the severity of lipedema as well as to the progressive and
accelerating nature of the disease.4
The extent to which lipedema ultimately impacts lymphatic
transport in the LEs remains unclear. Prior studies examining
lymphatic ﬂow in patients with lipedema with lymphoscintigraphy have yielded inconclusive results.9–11 Quantitative
assessment of radiotracer uptake with lipedema has been
reported to range from normal to moderately impaired.9,10
Additionally, subjective visual assessments of lymphatic ﬂow
have varied, with one study reporting a similar pattern compared with controls and another study reporting abnormal ﬂow
patterns, often with signiﬁcant asymmetry.10,11 Studies evaluating lymphatic ﬂow associated with the clinical stage of
lipedema are lacking and further add to the confusion. Therefore, the purpose of this study is to evaluate lymphoscintigraphic
ﬁndings in patients with lipedema to better characterize their
lymphatic ﬂow and to determine whether impairments in ﬂow
are associated with staging of lipedema severity.
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1 (5.3%) with left hip replacement. A total of six patients
(31.6%) underwent previous LE vascular procedures consisting
of endovascular procedures, sclerotherapy, or venous ablation.
Severity of lipedema was classiﬁed as stage 1 in ﬁve (26.3%)
patients, stage 2 in four (21.1%) patients, stage 3 in four (21.1%)
patients, and stage 4 in the remaining six (31.6%) patients.
Delayed uptake with notable retention of radiotracer in the
feet was observed in 14 LEs (36.8%). A total of 13 (34.2%) LEs
had evidence of collateral lymphatic vessels, and 8 LEs (21.1%)
demonstrated some degree of dermal backﬂow. Multiple
inguinal lymph nodes were visualized in 36 (94.7%) LEs,
with visualization occurring before or at the time of planar
images taken at the 1- or 1.5-hour mark following colloid
injection in 35 (92.1%) LEs. Parailiac lymph node visualization
occurred in 35 (92.1%) LEs and hepatic activity was noted in 16
patients (84.2%). A single patient with stage 3 lipedema and a
history of bilateral outer thigh liposuction required 3 hours for
inguinal lymph node visualization to occur in both LEs. Only
one inguinal lymph node and no parailiac lymph nodes were
visualized in her left LE, and an absence of hepatic activity was
noted 3 hours following colloid injection.
Semiquantitative analysis revealed a mean TI of 12.5 (SD
 8.39). A total of 14 LEs (36.8%) had nonpathologic lymphatic
transport (TI < 10). Of these, eight LEs (ﬁve patients) were
classiﬁed as stages 1 and 2 lipedema and six LEs (four patients)
had stages 3 and 4 lipedema (►Fig. 1). The remaining 24 LEs
(63.2%) had pathologic lymphatic transport (TI  10) consisting of 10 LEs with stages 1 and 2 lipedema and 14 LEs with
stages 3 and 4 lipedema (►Fig. 2). Asymmetries in lymphatic
transport were commonly observed in patients with pathologic or nonpathologic TI. Mean differences in TI scores between each LE in patients was 6.43 (SD  7.96), with nine
(47.4%) patients having differences of ﬁve or more between
legs. Four patients (21.1%) were considered to have pathologic

lymphatic transport observed in one LE and normal lymphatic
transport in the contralateral LE, including two patients with
clinical stage 4 lipedema, one with stage 2 lipedema and one
with stage 1 lipedema (►Fig. 3). The mean TI for each lipedema
stage was 10.4 (SD  5.7) for stage 1, 8.9 (SD  5.7) for stage 2,
15.4 (SD  9.1) for stage 3, and 14.9 (SD  10.5) for stage 4 with
no statistically signiﬁcant difference between the groups
(p ¼ 0.270). The mean TI for mild to moderate stage lipedema
LEs (stages 1 and 2) was 9.7 (SD  5.6), while the mean TI for
severe stage lipedema LEs (stages 3 and 4) was 15.1 (SD  9.7).
This difference was found to be statistically signiﬁcant
(p ¼ 0.049). Pearson’s correlation analysis demonstrated no
signiﬁcant association between BMI and TI of all LEs, r
(32) ¼ 0.287, p ¼ 0.099 (►Fig. 4).

Discussion
In this study, we found impaired lymphatic transport in
patients diagnosed with lipedema. Beyond having a pathological TI, many LEs had other recognizable alterations of lymphatic transport, including collateral pathways and dermal
backﬂow. Although there was no signiﬁcant differences in TI
between the various lipedema stages, patients with severe
lipedema (stages 3 and 4) were found to have signiﬁcantly
worse lymphatic transport overall than patients with mild or
moderate lipedema (stages 1 and 2), suggesting a possible
relationship between severity of lipedema and impairment of
the lymphatic system. Additionally, the absence of a correlation between BMI and TI may provide insight into the multifactorial etiology of this complicated disease process.
Other studies have similarly shown that advanced cases of
lipedema can lead to lymphatic abnormalities, possibly due
to lipedema-induced microangiopathy causing extrusion of
plasma proteins, ﬂuid accumulation in the pericellular space,

Fig. 1 (A) A 47-year-old woman with long-standing stage 3 lipedema. Planar images taken at 1 hour postcolloid injection at the level of the (B)
anterior tibia, (C) anterior femur, (D) anterior pelvis, and (E) anterior abdomen (arrows indicating the level of the right knee). Uptake of colloid
was demonstrated and the main calf lymphatic channels were well delineated with no collateral vessels identiﬁed bilaterally. Distinct iliac and
retroperitoneal nodes and adequate hepatic activity were observed at 1 hour. Transport index was scored as 6.2 for both the right and left lower
extremities.
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Fig. 2 (A) A 57-year-old woman with stage 2 lipedema. (B) Anterior planar image and (C) posterior planar image of the lower extremities taken
1.5 hours following injection of colloid demonstrating moderate retention in the bilateral feet and poor delineation of the main calf lymphatic
vessels, with the presence of signiﬁcant collateral lymphatic ﬂow. Adequate visualization of the iliac and retroperitoneal nodes with hepatic
activity was observed at 1.5 hours. Transport index was scored as 15.6 for both the right and left lower extremities.

Fig. 3 (A) A 71-year-old woman with stage 4 lipedema and notable asymmetric enlargement and pitting edema more severe in the right lower
extremity. Planar images taken at 3 hours postcolloid injection at the level of the (B) anterior tibia, (C) anterior femur, (D) anterior pelvis, and (E)
anterior abdomen. Signiﬁcant collateral lymphatic ﬂow and dermal backﬂow were observed in the right lower extremity up to the level of the
knee. Transport index was scored as 23.2 and 7.4 for the right and left lower extremities, respectively.

and dilation of the prelymphatic drainage system.14,15 Previous studies have utilized ﬂuorescence microlymphography
to demonstrate pathological changes in lymphatic vessels,
including the development of microlymphatic aneurysms, in
the skin of areas affected by lipedema.7,11 Bilancini et al
(1995) demonstrated that patients with lipedema have
abnormal lymphoscintigraphic proﬁles and slower lymphatic ﬂow,11 and a recent prospective study involving 83 women
with a diagnosis of lipedema demonstrated the presence of
abnormal lymphoscintigraphy ﬁndings in 47% of the patient
population.16 While the results of our study support that
lymphatic abnormalities may accompany lipedema, our

ﬁndings are unique in showing that severity of lipedema
may be associated with increased impairment of lymphatic
transport. It has been suggested that as lipedema progresses,
the pressure of fat cells on lymph collectors causes circulatory disturbances at the superﬁcial layers.17 In prolonged
cases of lipedema, the lymphatic vasculature loses its ability
to perform their function leading to impaired lymphatic
transport and accumulation of lymphatic ﬂuid.17
Many patients had differences in TIs between LEs, suggesting that they exhibit differences in the severity of lymphatic
disease between limbs. Other studies have similarly identiﬁed
asymmetric lymphatic transport patterns in patients with
Journal of Reconstructive Microsurgery

Vol. 36

No. 2/2020

139

Downloaded by: Vanderbilt University Library. Copyrighted material.

Lymphoscintigraphic Findings in Lipedema

Lymphoscintigraphic Findings in Lipedema

Gould et al.

Fig. 4 Pearson’s correlation analysis between body mass index and transport index of all lower extremities.

clinical lipedema.11 Although patients with extreme differences between limbs may be more likely to seek and be offered
treatment, this ﬁnding nonetheless highlights that patients
presenting with lipedema in clinical practice may demonstrate
asymmetric patterns of lymphatic transport. For example, two
patients in our series had clinically identical stage 4 lipedema
bilaterally, but had signiﬁcant transport delay in only one limb.
Another patient with bilateral stage 1 lipedema had signiﬁcant
clinical enlargement and lymphatic transport delay in 1
extremity alone.
One explanation for the asymmetrical proﬁle of lymphatic
transport may incorporate the theory of how injury to the
lymphatics can occur with lipedema as a corollary to the
pathophysiology in obesity.18 Obesity models demonstrate a
pattern of lymphatic obstruction from fat overgrowth, which
leads to injury, inﬂammation, and further lymphatic blockage.18,19 The lymphatic transport system subsequently
becomes overloaded and cannot accommodate ﬂow in the
setting of obesity.19 A similar mechanism may occur in lipedema, resulting in concomitant ﬁndings of both lymphatic
pathology and expansion of adipose tissue.20 Depending on
the pattern of the adipocyte tissue expansion in each limb,
different degrees of lymphatic transport abnormalities may be
observed. Further study is needed to identify causative factors
behind differences in disease expression between patients.
Despite variations in disease severity, patients with lymphedema would greatly beneﬁt from treatments that provide
return of function to the lymphatics while improving
the aesthetic appearance of the LEs. Although various conservative approaches exist, patients with severe lymphedema who
have previously failed conservative management may additionally beneﬁt from surgical intervention. These surgical
management options for lipedema include liposuction, the
most commonly performed treatment, and debulking surgery,
often used in more complicated and advanced cases.21
However, a variety of treatment modalities tailored to correcting lymphatic transport abnormalities may be performed as
adjuncts to traditional lipedema surgery, and have been shown
to improve patient’s quality of life in patients with lymphedema.22–26 A combination of lymphovenous anastomosis and
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debulking surgery, for example, has been performed at
our institution and can offer improvement in physiologic
drainage of excessive lymphatic ﬂuid and removal of excess
adipose tissue, respectively. Combining these techniques may
reduce the cellular and metabolic load on the lymphatic system
while adding capacity to the system of lymphatic transport by
bypassing the native routes of lymphatic ﬂow and increasing
the drainage of the limb. Removal of lymphatic ﬂuid may in turn
decrease adipogenesis, as lymphatic ﬂuid has been shown to
upregulate adipose generation and differentiation.27–29
Importantly, identifying which patients should be screened
with lymphoscintigraphy for lymphatic transport abnormalities remains challenging; however, our results suggest that the
staging system for lipedema severity may be helpful in identifying patients who may require close clinical monitoring to
uncover underlying lymphedema. Therefore, it may be useful to
perform lymphoscintigraphy on patients with obvious clinical
signs and symptoms suggestive of severe lipedema,although
our results also demonstrate signiﬁcant lymphedema in
patients with mild to moderate lipedema as well. Because of
this, clinical evaluations of patients with mild to moderate
disease should include in-depth assessment of other genetic,
hormonal, and surgical factors that could help suggest the
presence of underlying lymphatic abnormalities in these
patients with less severe lipedema. Despite this discrepancy,
lipedema staging can provide value by conﬁrming and localizing
lymphatic transport abnormalities to one or both extremities
and can help determine which patient will require combined
management of both lipedema and impaired lymphatic transport. Further investigation of clinical signs for identifying
patients with possible underlying lymphatic transport abnormalities, and of surgical modalities for the combined treatment
of lymphedema and lipedema, will be necessary to determine
the ideal management for these conditions.
Although this is the largest study of its kind, our study size
may have limited the ability to uncover a signiﬁcant difference in TI between the various lipedema stages. Despite this,
our results demonstrated a statistically signiﬁcant difference
between patient with mild to moderate lipedema (stages 1
and 2) and those with severe lipedema (stages 3 and 4)
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suggesting these variables may be correlated but require
studies with greater power to deﬁnitely draw a conclusion.
11

Conclusion
12

This study suggests that although there was no signiﬁcant
difference between TI and lipedema stage, lipedema patients
with severe disease often have clinically relevant lymphatic
disease and lipedema staging may be correlated with lymphatic
transport abnormalities in these patients. Therefore, patients
with lipedema should be staged based on clinical exam and
disease severity to provide close monitoring to uncover any
underlying comorbid lymphatic transport abnormalities which
may be present. Improved understanding of the relationship
between lipedema and lymphatic transport may lead to the
determination of optimal diagnostic and treatment algorithms
for these patients.
Note
This study was presented at the Plastic Surgery the
Meeting in Orlando, Florida, October 6–10, 2017.

13

14

15
16

17
18
19

Funding
None.
Conﬂict of Interest
None declared.

20

21
22

References
1 Wold LE, Hines EA Jr, Allen EV. Lipedema of the legs; a syndrome

2
3

4
5

6
7
8
9
10

characterized by fat legs and edema. Ann Intern Med 1951;34
(05):1243–1250
Foldi E, Foldi M. Lipedema. In: Foldi M, Foldi E, eds. Foldi’s Textbook
of Lymphology, 2nd ed. Munich: Elsevier GmbH; 2006:417–427
Buck DW II, Herbst KL. Lipedema: arelatively common disease
with extremely common misconceptions. Plast Reconstr Surg
Glob Open 2016;4(09):e1043
Szél E, Kemény L, Groma G, Szolnoky G. Pathophysiological
dilemmas of lipedema. Med Hypotheses 2014;83(05):599–606
Stallworth JM, Hennigar GR, Jonsson HT Jr, Rodriguez O. The
chronically swollen painful extremity. A detailed study for possible etiological factors. JAMA 1974;228(13):1656–1659
Greer KE. Lipedema of the legs. Cutis 1974;14:98–100
Amann-Vesti BR, Franzeck UK, Bollinger A. Microlymphatic aneurysms in patients with lipedema. Lymphology 2001;34(04):170–175
Schneider M, Conway EM, Carmeliet P. Lymph makes you fat. Nat
Genet 2005;37(10):1023–1024
Harwood CA, Bull RH, Evans J, Mortimer PS. Lymphatic and venous
function in lipoedema. Br J Dermatol 1996;134(01):1–6
Bräutigam P, Földi E, Schaiper I, Krause T, Vanscheidt W, Moser E.
Analysis of lymphatic drainage in various forms of leg edema

23

24

25

26
27

28

29

Gould et al.

using two compartment lymphoscintigraphy. Lymphology 1998;
31(02):43–55
Bilancini S, Lucchi M, Tucci S, Eleuteri P. Functional lymphatic
alterations in patients suffering from lipedema. Angiology 1995;
46(04):333–339
Kleinhans E, Baumeister RG, Hahn D, Siuda S, Büll U, Moser E.
Evaluation of transport kinetics in lymphoscintigraphy: followup study in patients with transplanted lymphatic vessels. Eur J
Nucl Med 1985;10(7–8):349–352
Cambria RA, Gloviczki P, Naessens JM, Wahner HW. Noninvasive
evaluation of the lymphatic system with lymphoscintigraphy: a
prospective, semiquantitative analysis in 386 extremities. J Vasc
Surg 1993;18(05):773–782
Lohrmann C, Foeldi E, Langer M. MR imaging of the lymphatic
system in patients with lipedema and lipo-lymphedema. Microvasc Res 2009;77(03):335–339
Okhovat JP, Alavi A. Lipedema: a review of the literature. Int J Low
Extrem Wounds 2015;14(03):262–267
Forner-Cordero I, Oliván-Sasot P, Ruiz-Llorca C, Muñoz-Langa J.
Lymphoscintigraphic ﬁndings in patients with lipedema. Rev Esp
Med Nucl Imagen Mol 2018;37(06):341–348
Shin BW, Sim YJ, Jeong HJ, Kim GC. Lipedema, a rare disease. Ann
Rehabil Med 2011;35(06):922–927
Mehrara BJ, Greene AK. Lymphedema and obesity: is there a link?
Plast Reconstr Surg 2014;134(01):154e–160e
Greene AK. Diagnosis and management of obesity-induced
lymphedema. Plast Reconstr Surg 2016;138(01):111e–118e
Greene AK, Grant FD, Slavin SA, Maclellan RA. Reply: obesityinduced lymphedema: clinical and lymphoscintigraphic features.
Plast Reconstr Surg 2016;137(03):648e
Warren Peled A, Kappos EA. Lipedema: diagnostic and management challenges. Int J Womens Health 2016;8:389–395
Patel KM, Lin CY, Cheng MH. A prospective evaluation of lymphedema-speciﬁc quality-of-life outcomes following vascularized
lymph node transfer. Ann Surg Oncol 2015;22(07):2424–2430
Pusic AL, Cemal Y, Albornoz C, et al. Quality of life among breast
cancer patients with lymphedema: a systematic review of patientreported outcome instruments and outcomes. J Cancer Surviv
2013;7(01):83–92
Chang DW. Lymphaticovenular bypass for lymphedema management in breast cancer patients: a prospective study. Plast
Reconstr Surg 2010;126(03):752–758
Chang DW, Suami H, Skoracki R. A prospective analysis of 100
consecutive lymphovenous bypass cases for treatment of extremity lymphedema. Plast Reconstr Surg 2013;132(05):1305–1314
Rockson SG. Lymphedema. Am J Med 2001;110(04):288–295
Zampell JC, Yan A, Elhadad S, Avraham T, Weitman E, Mehrara BJ.
CD4(þ) cells regulate ﬁbrosis and lymphangiogenesis in response
to lymphatic ﬂuid stasis. PLoS One 2012;7(11):e49940
Aschen S, Zampell JC, Elhadad S, Weitman E, De Brot M, Mehrara
BJ. Regulation of adipogenesis by lymphatic ﬂuid stasis: part II.
Expression of adipose differentiation genes. Plast Reconstr Surg
2012;129(04):838–847
Zampell JC, Aschen S, Weitman ES, et al. Regulation of adipogenesis by lymphatic ﬂuid stasis: part I. Adipogenesis, ﬁbrosis,
and inﬂammation. Plast Reconstr Surg 2012;129(04):825–834

Journal of Reconstructive Microsurgery

Vol. 36

No. 2/2020

141

Downloaded by: Vanderbilt University Library. Copyrighted material.

Lymphoscintigraphic Findings in Lipedema

