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INTRODUCTION
Lymphedema is the chronic, progressive swelling of tis-

sue due to inadequate lymphatic function. The disease is 
caused by abnormal development of the lymphatic system 
(primary) or injury to lymph vessels and nodes (second-
ary). Many conditions can produce enlargement of an 
extremity; 25% of patients referred to a lymphedema pro-

gram with “lymphedema” have another disease.1,2 Distin-
guishing lymphedema from other diseases that cause limb 
overgrowth is necessary because the natural history and 
treatment of lymphedema is distinct from other disorders.

Lymphedema is managed by compression regimens 
and/or operative interventions.3–10 Although lymphede-
ma usually can be identified by history and physical ex-
amination, diagnostic confusion is common and the most 
definitive test for the condition is lymphoscintigraphy. 
This radionuclide imaging test involves the injection of a 
tracer protein into the distal extremity, which is preferen-
tially taken up by the lymphatic vasculature because of its 
high molecular weight. A gamma camera then detects the 
signal emitted by the protein as it migrates proximally to 
the inguinal or axillary lymph nodes.1,3,9 The purpose of 
this study was to (1) assess the accuracy of lymphoscintig-
raphy for the diagnosis of lymphedema and (2) determine 
characteristics of patients with false-negative tests.
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METHODS
Following approval from the Committee on Clinical 

Investigation at Boston Children’s Hospital, patients re-
ferred to our Lymphedema Program between 2009 and 
2016 were analyzed. Individuals were evaluated clinically 
and a lymphoscintigram was obtained to verify lymph-
edema or confirm normal lymphatic function. Evaluation 
was performed by the senior author (A.K.G.), and patients 
were categorized with either (1) lymphedema or (2) an-
other condition causing an enlarged extremity based on 
history and physical examination findings.

Lymphoscintigraphy was performed using Tc99m-
labeled filtered sulfur colloid. The radiopharmaceutical 
(100 millicurie) was injected intradermally approximately 
1–2 cm proximal to the second and fourth tarsometatarsal 
joint (lower extremity) or metacarpophalangeal joint (up-
per extremity) bilaterally. Imaging with a gamma camera 
then was performed 45 minutes, 2 hours, and 4 hours later 
using an ultra-high resolution collimator (matrix 256 × 256, 
5 minutes). Each study was interpreted by an attending 
radiologist in the Division of Nuclear Medicine and Mo-
lecular Imaging. Lymphatic dysfunction was diagnosed if 
lymphoscintigraphy exhibited delayed transit time of the 
radiolabeled colloid to the regional lymph nodes (> 45 
minutes), dermal backflow, asymmetric node uptake, and/
or formation of collateral lymphatic channels.3,4

Patient age at presentation, duration of lymphedema, 
location of disease, gender, previous infections, and lymph-
edema type (primary or secondary) were analyzed. Exclusion 
criteria were (1) individuals with a body mass index > 50 kg/
m2 (the diagnosis of obesity-induced lymphedema requires 
lymphoscintigraphy and cannot be made by history and phys-
ical examination),7–10 (2) patients who did not follow-up for 
lymphoscintigraphy, and (3) subjects with a history and physi-
cal examination that was indeterminate for lymphedema.

RESULTS
The study included 227 patients (454 limbs); 72% 

were female and 28% male. Mean age was 36.7 ± 23 years. 

Lymphedema was diagnosed clinically in 169 subjects 
and confirmed by lymphoscintigraphy in 162 (72% pri-
mary, 28% secondary; Fig. 1). Fifty-eight individuals were 
thought to have a condition other than lymphedema and 
all had negative lymphoscintigrams (specificity 100%; 
Fig. 2). Seven patients were diagnosed with lymphedema 
clinically but had negative lymphoscintigrams (sensitivity 
96%; Fig. 3).

A subgroup analysis of the 7 patients with lymphedema 
clinically but a normal lymphoscintigram was performed. 
Each individual had primary lymphedema, 4 were male, 5 
had bilateral disease, 6 involved the lower extremity, and 
2 had previous infections. Lymphedema type, duration of 
disease, and infection history were not different between 
patients with true-positive and false-negative lymphoscin-
tigrams (P = 0.5). Mean duration of disease before lym-
phoscintigram was 9 years (range, 1 month to 32 years). 
Two patients with a false-negative result underwent repeat 
lymphoscintigraphy 2–3 years later and exhibited a posi-
tive study consistent with lymphedema.

DISCUSSION
The term “lymphedema” often is used generically to 

describe patients with an enlarged extremity, regardless of 
the etiology of their condition.1,2 Lymphedema is managed 
with counseling regarding activities of daily living (e.g., in-
fection prevention), compression regimens, and operative 
interventions.3–10 Lymphedema usually can be diagnosed 
by history and physical examination. Characteristic find-
ings include a family history of the disease, axillary/ingui-
nal radiation, lymphadenectomy, travel to areas endemic 
for filariasis, or extreme obesity (body mass index > 50). 
Primary lymphedema affects 1/100,000 individuals11; men 
usually have bilateral lower extremity swelling during in-
fancy, and women typically present with unilateral limb 
enlargement in adolescence.5 Secondary lymphedema ac-
counts for > 99% of lymphedema cases; swelling typically 
begins 12 months after the injury to lymph vessels.12 Pit-
ting edema almost always affects the distal limb and later 

Fig. 1. true-positive lymphoscintigram result. an 11-year-old boy with a history and physical examina-
tion consistent with primary lymphedema. lymphoscintigraphy confirmed the diagnosis and showed 
absence of tracer in the inguinal nodes 4 hours after injection (normal transit time is less than 1 hour).
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becomes nonpitting because of the development of sub-
cutaneous adipose and fibrosis.13 A positive Stemmer sign 
(inability to pinch the base of the second finger or toe) 
typically is present.14

We perform lymphoscintigraphy on almost all patients 
referred to our center because the test (1) confirms lymph-
edema in patients with an equivocal clinical diagnosis, (2) 
verifies normal lymphatic function in those suspected to 
have another condition, or (3) documents the severity of 

lymphatic dysfunction in patients thought to have lymph-
edema.6 Abnormal findings include delayed transit time 
of the radiolabeled colloid to the regional lymph nodes, 
dermal backflow, asymmetric node uptake, and/or forma-
tion of collateral lymphatic channels.3,4

We found that the sensitivity (96%) of lymphoscin-
tigraphy was superior to 2 smaller series in the literature 
published in 1989 (92%)3 and 1993 (73%)15; the specific-
ity was similar (100%). Sensitivity of the test depends on 

Fig. 2. true-negative lymphoscintigram result. a 45-year-old woman was referred with a diagnosis of 
bilateral lower extremity “lymphedema.” Her history and physical examination, however, was consistent 
with lipedema and not lymphedema. lymphoscintigraphy confirms normal lymphatic function (tracer 
in the inguinal nodes 45 minutes after injection and no dermal backflow).

Fig. 3.  False-negative lymphoscinitigram studies in patients with a history and physical examination highly consistent with primary 
lymphedema. a) 25-Year-old woman with a 7-year history of right lower extremity swelling. lymphoscintigram shows normal lymphatic 
function in both lower extremities (tracer uptake at 45 minutes and no dermal backflow). B) 16-Year-old boy with a 4-month history of 
bilateral lower extremity swelling. lymphoscintigraphy illustrates normal lymphatic function on the 45-minute image. c) 48-Year-old 
woman with a 32-year history of symmetrical bilateral lower extremity edema. lymphoscintigraphy shows lymphatic dysfunction in the 
left lower extremity (no transit to the inguinal nodes at 45 minutes and dermal backflow), but normal lymphatic function in the right lower 
extremity.
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the clinician’s ability to differentiate patients with lymph-
edema from those with other conditions. For example, 
if a subject with a disease other than lymphedema [e.g., 
lipedema, lymphatic malformation, arteriovenous mal-
formation, venous malformation, infantile hemangioma, 
lipofibromatosis, Klippel-Trenaunay syndrome, CLOVES 
syndrome, Parkes-Weber syndrome, obesity, venous stasis, 
systemic disease (rheumatologic, cardiac, renal, hepatic), 
orthopedic condition (e.g., tenosynovitis, occult fracture, 
ligament sprain)] is thought to have lymphedema, then 
a normal lymphoscintigram will be a false-negative result 
and lower the sensitivity of the study. Our knowledge of 
conditions that cause extremity overgrowth has increased 
significantly over the past 25 years, and thus older studies 
may have included patients, who would not be considered 
to have lymphedema clinically by us. Because the clinical 
diagnosis of lymphedema relies on the physician’s aptitude 
to assess the condition, a limitation of this study is that the 
false-negative rate of lymphoscintigraphy may be higher at 
a center with less experience managing the disease.

Although newer imaging modalities can give supple-
mental information about the lymphedematous extremity 
that may be useful for surgical planning,16 these tests are 
not as accurate for diagnosing lymphedema. Magnetic res-
onance lymphangiography outlines lymphatic vasculature 
of the limb but has a sensitivity of 68% for lymphedema.17 
Indocyanine green lymphangiography details subdermal 
lymphatics, but the specificity for lymphedema is 55%.18

Our subgroup analysis of patients who had a false-nega-
tive lymphoscintigram result indicated that all the patients 
were diagnosed clinically with primary lymphedema; none 
of the subjects thought to have secondary lymphedema 
had a false-negative study. No predictive variables were as-
sociated with a false-negative result. Possible reasons that 
the test did not show abnormalities in some patients with 
the disease clinically include (1) the clinical impression 
was incorrect and the study was a true-negative, (2) pa-
tients had early disease below the sensitivity of the test, (3) 
primary lymphedema with hypoplastic/aplastic lymphat-
ics has delayed findings compared with secondary lymph-
edema, and (4) there is an inherent false-negative rate 
with the study (e.g., technical variation with the location/
volume of tracer injection or gamma camera function).

Two patients with primary lymphedema clinically and 
normal lymphoscintigrams underwent repeat lymphoscin-
tigraphy, which was abnormal and confirmed lymphede-
ma. As a result of this observation, we recommend that an 
individual with a high clinical suspicion of lymphedema 
should be treated conservatively for the disease with com-
pression regimens even if lymphoscintigraphy does not 
confirm the diagnosis. The test should be repeated at least 
1 year later. If the test continues to show normal lymphatic 
function, we consider discontinuing compression treat-
ment depending on the patient’s symptoms.

CONCLUSIONS
Lymphoscintigraphy is very sensitive (96%) and specif-

ic (100%) for diagnosing lymphedema when performed 
at a high volume center. Individuals with false-negative 

tests in the study had primary lymphedema, but no pre-
dictive factors were identified. Patients with a high clinical 
suspicion of lymphedema and a normal lymphoscintigram 
should be treated conservatively for the disease and un-
dergo repeat lymphoscintigraphy.
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