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Introduction

The lymphatic system serves as a parallel circulatory system
that is crucial for tissue homeostasis. In addition to maintain-
ing fluid balance and clearing cellular debris and metabolites
from the interstitial space, the lymphatic system also plays an
important role in immune defense (1). In the 17th century, the
physician Gaspare Aselli described lymphatics as venae albae
aut lacteae, meaning white veins carrying milky liquid; how-
ever, our understanding of “the third circulation” consider-
ably lagged behind its discovery (2). The traditional view of
the lymphatic system as a passive means of circulation and
waste disposal has evolved with the relatively recent elucida-
tion of the molecular mechanisms driving lymphatic growth
(3). Lymphatics are involved in the pathogenesis of cancer,
lymphedema, and various inflammatory and noninflamma-
tory conditions, including glaucoma and Crohn disease (1,3).

Although lymphoscintigraphy is most commonly used for
sentinel lymph node mapping, it can also be helpful for
evaluating lymphedema, lymphatic malformations, lym-
phatic leaks, chylous ascites, and chylothorax. Assessment
for lymphedema is important because this condition poses
significant clinical challenges, and early diagnosis is essen-
tial for timely intervention and prevention of complications.
Lymphoscintigraphy is a valuable radiologic tool for distin-
guishing lymphatic causes of edema from nonlymphatic
ones, with findings of lymphedema including absent, asym-
metric, or delayed drainage from the injection site; dermal
backflow; and reduced activity in the inguinal or axillary
lymph nodes at lower extremity and upper extremity lym-
phoscintigraphy. Other supporting evidence of lymphedema
may include collateral lymphatic channels and visualization
of the deep lymphatic nodes. Additional imaging modalities,
such as fluorescence lymphangiography, US, and MR lymph-
angiography, can also aid in lymphedema assessment. The
authors provide an overview of lymphatic physiology, image
acquisition, and image interpretation.
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Lymphoscintigraphy is the imaging modality most com-
monly used for evaluating the lymphatics and is considered
the reference standard for diagnosing lymphedema; however,
other imaging modalities, such as MR lymphangiography, fluo-
rescence lymphangiography, and US, are also used to evaluate
lymphedema and can provide valuable anatomic information
(4). Lymphedema, either congenital or resulting from obstruc-
tion or destruction of the lymphatic system, can be a significant
cause of patient morbidity. This article reviews the relevant
pathophysiology of the lymphatics, related clinical indications
and imaging protocols, and interpretation of lymphoscinti-
graphic findings, with a focus on nononcologic applications.

Anatomy of Lymphatic Drainage
Lymphatics begin as small blind-ending vessels with a single
layer of endothelium at the level of the arteriovenous-capillary
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B | ymphoscintigraphy is the imaging modality most commonly used for
evaluating the lymphatics and is considered the reference standard for
diagnosing lymphedema; however, other imaging modalities, such as
MR lymphangiography, fluorescence lymphangiography, and US, are
also used to evaluate lymphedema and can provide valuable anatomic
information.

B Approximately 20% of women with breast cancer develop lymphedema.
Risk factors for lymphedema include axillary lymph node dissection,
chest wall surgery, radiation treatment, and adjuvant chemotherapy.

B Early diagnosis of lymphedema, before the onset of lipomatous hyper-
trophy and fibrosis, is crucial. Lymphoscintigraphy is a simple, safe, and
minimally invasive procedure that can reveal disease-specific positive
findings early in the course of the disease.

B MR lymphangiography has gained considerable popularity owing to good
soft-tissue spatial resolution and good anatomic detail of the peripheral
and central lymphatics. MR lymphangiography is helpful for preprocedur-
al planning for vascularized lymph node transfer or lymphaticovenous
anastomosis, procedures that may be used to treat lymphedema.

B Dermal backflow refers to the accumulation or reflux of radiotrac-
er into superficial soft tissues. This occurs owing to the drainage of
lymphatic fluid through dermal collaterals because of damaged or
obstructed lymphatic channels or congenitally abnormal or absent
lymphatic channels.

junction. Interstitial fluid accumulates due to net positive pres-
sure at the capillary level and is reabsorbed by the lymphat-
ic system and transported centrally. The composition of the
lymph varies depending on the body part. Lymph derived from
the intestines (ie, chyle) has high lipid and lipoprotein content
owing to reabsorption in the intestinal wall. Lymph flow occurs
by way of both active smooth muscle contraction in higher-or-
der lymphatic vessels and passive movement resulting from ar-
terial pulsation, skeletal muscle contraction, and/or a pressure
differential (2).

There are superficial and deep lymphatic systems in the
extremities. Normally, the superficial lymphatic systems
drain the skin and subcutaneous tissues, whereas the deep
lymphatic systems drain muscle and bone. If the superficial
lymphatic system becomes obstructed, the deep lymphatic
system may aid in lymphatic drainage of the epidermis, albeit
at a slower rate (2).

The central lymphatic anatomy is variable. Most com-
monly, the pelvis, bowel, and lower extremities drain to the
cisterna chyli. The cisterna chyli is at the T12-L2 vertebral
level, continuing cranially as the thoracic duct. The subdia-
phragmatic body, left upper extremity, and left aspect of the
head, neck, and chest drain via the thoracic duct into the left
subclavian vein. The right arm and right aspect of the head,
neck, and chest drain via the right lymphatic duct into the
right subclavian vein. In the central nervous system, the cere-
brospinal fluid addresses the majority of the functions of the
lymphatic system (Fig 1) (2,5).
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Figure1. Drawingshows the central lymphatic drainage pathway.
The anatomy of the central lymphatic drainage is variable. In the
most common pathway, the pelvis, bowel, and lower extremities
drain to the cisterna chyli. The subdiaphragmatic body, left arm, and
left aspect of the head, neck, and chest drain via the thoracic duct
into the left subclavian vein. The right arm and right aspect of the
head, neck, and chest drain via the right lymphatic duct into the right
subclavian vein.

Pathophysiology of Lymphatic Drainage

Lymphedema
Lymphedema is a painful and debilitating condition secondary
to lymphatic obstruction or insufficiency. It occurs due to the
retention of protein-rich fluid and subsequent progressive fat
deposition and fibrosis in the affected body part. Swelling, re-
current infections, and poor mobility can further lead to mor-
bidity. Lymphedema has primary and secondary causes, with
approximately 200 million people affected worldwide (6).
Primary lymphedema is rare and results from structural
abnormalities of the lymphatic system or poor function. It
can occur in isolation or as part of a syndrome. Traditionally,
primary lymphedema has been categorized according to the
patient’s age at onset as congenital lymphedema, lymphede-
ma precox, or lymphedema tarda, diagnosed in infancy, ad-
olescence, or adulthood, respectively (7,8). With recognition
of the underlying genetic mutations in the syndromic and
nonsyndromic types of primary lymphedema, the Interna-
tional Society for the Study of Vascular Anomalies proposed
an alternative classification system based on genetic features
and symptoms (9). For example, a mutation in the gene that
encodes the vascular endothelial growth factor receptor 3 was
identified as the cause of Milroy disease in 2000 (10). Many
other gene mutations have been described since that time.
Despite these advances, the underlying genetic cause of ap-
proximately 70% of primary lymphedema cases remains un-
known (7).
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Table 1: Staging of Lymphedema based on International Soci-
ety of Lymphology Criteria

Stage Findings

0 Subclinical with no clinical signs

1 Mild pitting edema that improves with extremity
elevation

2 Moderate swelling that does not resolve with extremi-
ty elevation

3 Severe swelling with fibrotic skin changes (leathery or

warty skin with discoloration)

Source.—Reference 21.

Secondary, or acquired, lymphedema is much more com-
mon. Acquired lymphatic obstruction is characterized by in-
creased lymphatic pressure and subsequent dilatation of the
channels. Common causes of acquired lymphedema include
infection and malignancy or malignancy-related treatment
(11,12). Filariasis, which is caused by the mosquito-borne par-
asite Wucheria bancrofti, is the most common cause of acquired
lymphedema worldwide (13). In the United States, malignan-
cy-related treatments, such as lymph node dissection and radi-
ation, are the most common causes of lymphedema. The upper
extremity is the most common site of involvement after axillary
lymph node dissection or radiation for breast cancer (6,11,12).

Approximately 20% of women with breast cancer develop
lymphedema. Risk factors for lymphedema include axillary
lymph node dissection, chest wall surgery, radiation treat-
ment, and adjuvant chemotherapy (14). In a study by Ren et
al (15), the point prevalence of breast cancer-related lymph-
edema increased over time, from 6.8% at baseline to 23.8% at
7 years. Lower extremity lymphedema after lymph node dis-
section or radiation for pelvic malignancies occurs in approx-
imately 10%-49% of cases (6).

Chyle Leakage

Chylothorax is an uncommon condition that results from
chyle leakage into the pleural space. Chyle is lipoprotein-rich
lymph that results from the reabsorption of chylomicrons in
the intestine. Chylothorax can result from penetrating inju-
ries and iatrogenic causes such as thoracic and head and neck
surgery and radiation (16). Other causes include sarcoidosis,
lymphangioleiomyomatosis, superior vena cava obstruction,
cirrhosis, and amyloidosis (17). In adults, chylous pleural effu-
sion is more common on the right because the thoracic duct is
located to the right of the midline below the level of the aortic
arch (16). Similarly, chylous ascites can occur due to disruption
of lymphatics or obstruction of lymphatic drainage. Although
there are various causes of chylous ascites, the two most prev-
alent causes are malignancy and cirrhosis (17,18).

Lymphatic Malformations

Lymphatic malformations are benign slow-flow develop-
mental vascular malformations. The incidence of these mal-
formations can range from one in 2000 to one in 16 000, with
no known racial or gender predilection (19). These malfor-
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mations are usually identified at birth or during childhood
and typically composed of dilated lymphatics and cysts of
varying sizes. Although lymphatic malformations can occur
anywhere in the body, they are commonly found in the neck,
axilla, groin, and trunk due to the preponderance of lym-
phatics in these areas (19).

Clinical Presentations and Assessment

Lymphedema

At clinical evaluation, it can be difficult to differentiate lymph-
edema from other causes of extremity enlargement, such as ve-
nous insufficiency, myxedema, or lipedema, resulting in mis-
diagnosis and delayed treatment. However, early diagnosis and
therapy are crucial to limiting the progression of lymphedema
and improving patient outcomes. Clinical evaluation of lymph-
edema starts with obtaining a comprehensive clinical history,
which includes the patient’s age at onset, clinical symptoms,
and history of risk factors, such as trauma, surgery, and/or
radiation. The Stemmer sign, which is the inability to pinch a
skin fold on a patient’s second toe, is one of the most reported
clinical signs (20). Clinical staging of lymphedema based on
the physical condition of the extremities has been proposed by
the International Society of Lymphology (Table 1) (21).

Chyle Leakage

Shortness of breath and chest pain are common clinical
symptoms of chylothorax. Chylothorax can be challenging
to diagnose, with the classic milky appearance of chyle seen
in fewer than half of cases. Elevated triglyceride levels are a
common finding of chylous pleural effusion, with other find-
ings including a reduced cholesterol level and the presence of
chylomicrons in the pleural fluid. Lipoprotein electrophoresis
is considered the reference standard for diagnosing chylotho-
rax, but this procedure is often unavailable (22).

The most common clinical presentation of chylous ascites
is abdominal distention. The clinical history often includes
abdominal surgery, malignancy and malignancy-related
treatments, liver disease, or relevant family history or travel
history. Ascitic fluid analysis is an important test in the diag-
nosis of chylous ascites (18).

Lymphatic Malformations

Lymphatic malformations are often diagnosed on the basis of
the patient’s clinical history and clinical examination findings.
Manifestations of these disorders appear in infancy and child-
hood as painless lymphatic malformations, and these lesions
are sometimes identified incidentally on prenatal US images.
They often tend to grow in proportion to the child’s growth (19).

Indications for Lymphoscintigraphy
Lymphoscintigraphy, first introduced in 1953, is one of the
most common studies performed to evaluate lymphatics.
After injection of radiotracer into the interstitial space, im-
aging is performed as the radiotracer is transported through
the lymphatics (23).

Sentinel lymph node mapping is a common application
for lymphoscintigraphy. The sentinel lymph node is the first
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lymph node in the drainage pathway of a tumor. Identifica-
tion of the sentinel node is valuable because the absence of
metastatic involvement of the sentinel lymph node obviates
the need for more extensive lymph node dissection (24). For
most cancers, the location of the sentinel lymph node is pre-
dictable; however, lymphatic drainage can be unpredictable
for some types of head, neck, and trunk cancers. In these
scenarios, lymphoscintigraphy is a reliable method for iden-
tifying the sentinel lymph node(s) (24).

In the remainder of this article, nononcologic applica-
tions of lymphoscintigraphy are discussed. The most im-
portant among these is the evaluation of lymphedema. Early
diagnosis of lymphedema, before the onset of lipomatous
hypertrophy and fibrosis, is crucial. Lymphoscintigraphy is
a simple, safe, and minimally invasive procedure that can
reveal disease-specific positive findings early in the course
of the disease (23).

Other applications of lymphoscintigraphy include the
diagnosis of chylous leakage and chylous ascites. Clinical
diagnosis is challenging, and lymphoscintigraphy provides
a reliable qualitative method for diagnosis. SPECT/CT may
yield additional anatomic information, including the site
of lymphatic leakage (25). US is the most common method
for evaluating superficial lymphatic malformations and cat-
egorizing them into macrocystic, microcystic, and mixed
types (26). Lymphoscintigraphy can be useful in cases of
confounding sonographic findings and for confirming the
integrity of the deep lymphatic system (26,27).

Alternative Imaging Modalities for
Lymphatics Assessment

Conventional and Intranodal Lymphangiography

Iodinated contrast agents can be injected into cannulated
lymphatic vessels and imaged by using serial radiography.
The method for cannulating peripheral lymphatics is te-
dious. First, blue dye is injected into the interdigital web
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Figure 2. Normal lymphatics at in-
tranodal lymphangiography in two pa-
tients. (A) Fluoroscopic image acquired
in a patient during intranodal lymph-
angiography shows a normal lymphatic
vessel (arrow) arising from the site of
the intranodal injection (arrowhead) on
the right side of the groin. (B) Fluoro-

| scopicimage of the pelvis in a different
| patient after intranodal lymphangiogra-
\ phy with needle access of the bilateral
inguinal lymph nodes (arrowheads)
shows the normal appearance of pelvic
lymphatics (arrows).

spaces; identification, dissection, and cannulation of lym-
phatics follows. Approximately 4-7 mL of iodized oil is then
injected, and serial radiography is performed to image the
lymphatic drainage. Conventional lymphangiography can
depict lymphatic leakage and obstruction sites. However, it
is infrequently performed because of the risk of complica-
tions such as infection and embolism and the highly tech-
nical and time-consuming nature of the procedure (28,29).

Intranodal lymphangiography involves US-guided in-
jection of iodized oil into inguinal lymph nodes and flu-
oroscopy for visualization of the lymphatics. Several
lymphatic interventions are then performed by using in-
tranodal lymphangiography and subsequent intra-abdomi-
nal access to central lymphatics, including the cisterna chyli
(Fig 2) (30).

Near-Infrared Fluorescence Lymphangiography
Fluorescent contrast agents such as fluorescein and indocy-
anine green can be injected intradermally to evaluate lymphat-
ics. Near-infrared (780-900 nm) fluorescence imaging with in-
docyanine green can penetrate 3-4 cm below the skin surface.
This imaging examination is highly sensitive and rapid and can
be performed in the clinician’s office. Normal lymphatics are
linear and well defined, whereas abnormal lymphatics appear
tortuous and dilated, with contrast agent accumulation in the
interstitial space. Near-infrared fluorescence imaging can also
be used intraoperatively to establish the success of lymphati-
covenous anastomosis surgery (28,29).

Ultrasonography

US is a relatively inexpensive and readily available imag-
ing modality that can help exclude venous insufficiency.
Chronic venous insufficiency is a common cause of ac-
quired lymphedema. Color and spectral Doppler US can
depict venous thrombosis, incompetence of venous valves,
and reflux, all of which can result in venous insufficiency.
US can help determine the presence or absence of lymph
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Figure3. Lymphedema at MR lymphangi-
ography. Coronal postcontrast T1-weighted
fat-saturated maximum intensity projection
image (A) and axial postcontrast T1-weighted
fat-saturated image (B) of the right upper ex-
tremity show dilated and tortuous lymphatic
channels (arrows). Normally, lymphatic chan-
nels are not visualized on MR images.

nodes and help characterize them as benign or malignant.
It is also helpful for evaluating the parts of soft tissues that
are the most affected by swelling (subcutaneous fat, mus-
cle, dermis) and for tracking soft-tissue swelling and vol-
umetric changes over time. In patients with filariasis, the
parasites can be identified within the lymphatics by using
sonography (28,29,31).

Contrast-enhanced US can be used to evaluate the su-
perficial lymphatic system. Microbubble contrast material,
such as that consisting of perflubutane microbubbles, is in-
jected intradermally and used to visualize superficial lym-
phatics (32). Visualization of superficial lymphatic channels
is dependent on successful intradermal injection of contrast
agent. Subsequently, low-mechanical-index imaging is used
to visualize and track lymphatics in the upper extremities to
the elbow and axilla (32,33).
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MR Lymphangiography

MR lymphangiography has gained considerable popularity
owing to good soft-tissue spatial resolution and good ana-
tomic detail of the peripheral and central lymphatics. MR
lymphangiography is helpful for preprocedural planning
for vascularized lymph node transfer or lymphaticovenous
anastomosis, procedures that may be used to treat lymph-
edema (Fig 3) (34).

Noncontrast MR lymphangiography relies on heavily
T2-weighted images that show the extent, distribution, and
severity of lymphedema. However, adjacent edema and fluid
collections can result in the obscuration of lymphatics. For
dynamic contrast-enhanced MR lymphangiography of the
extremities, a mixture of 0.1 mmol/kg of gadolinium-based
contrast material, such as gadobenate dimeglumine or
gadobutrol, and 1% lidocaine is injected intradermally or sub-
cutaneously into the web spaces. Gadolinium-based contrast
material has low viscosity and enables rapid visualization
of lymphatics owing to its T1 shortening effect. T2-weighted
fat-saturated MR images and pre- and postcontrast volumet-
ric T1-weighted MR images are acquired. Dynamic MR lymph-
angiography sequences have high spatial, contrast, and tem-
poral resolution. Suppression of the background tissue and
processing of datasets into maximum intensity projection
images can further aid in diagnosis. The presence, location,
and length of distinct lymphatic channels at MR lymphan-
giography help in determining candidacy for lymphaticove-
nous anastomosis. Gadolinium-based contrast agents can be
injected into inguinal lymph nodes to assess the central lym-
phatic system (34,35).

In addition to diagnosing lymphedema, MRI can be used to
diagnose lymphatic malformations and determine the extent
of soft-tissue involvement. Fetal MRI is helpful in determin-
ing the extent of congenital lymphatic malformations, partic-
ularly when airway involvement is suspected (26).

MR lymphangiography is not without drawbacks. It is not
widely available and has lower sensitivity (68%) and specific-
ity (91%) compared with lymphoscintigraphy (sensitivity and
specificity of 90% and 100%, respectively) (4,36).

Lymphoscintigraphy: Protocols and Image Ac-
quisition

Traditionally, lymphoscintigraphy has been considered the
reference standard imaging modality for evaluating lymph-
edema, with high sensitivity (>90%) and specificity ap-
proaching 100% (4). Using dynamic and serial static image
acquisitions, lymphoscintigraphy is used to evaluate lym-
phatic flow dynamics. The assessment is mainly qualitative.
Although quantitative assessment is described in the liter-
ature, it is not widely used. The drawbacks of lymphoscin-
tigraphy include use of ionizing radiation, limited anatomic
detail compared with the anatomic detail at MRI, and limit-
ed contrast resolution (4,6).

Radiopharmaceutical Agents

Many factors can affect the uptake of radiopharmaceuticals in
lymphatics and lymph nodes. These factors include the par-
ticle size, temperature, and pH of the radiotracer. Compared
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with capillaries, lymphatics are permeable to larger particles.
The ideal particle size for lymphoscintigraphy is approxi-
mately 50-70 nm. Particles smaller than a few nanometers
leak into capillaries, and particles larger than 100 nm tend to
persist in the interstitial space for longer periods. The advan-
tage of smaller particles is that they migrate faster through
lymphatics, enabling a shorter imaging time (11,37).

Filtered technetium 99m (*™Tc) sulfur colloid is the most
widely used radiopharmaceutical for lymphoscintigraphy
in the United States. It is widely available, inexpensive, and
safe. The disadvantages of using *™Tc-sulfur colloid include
relatively minimal absorption (approximately 5% of the to-
tal dose is absorbed and available for imaging) and slow
and unpredictable transport of the agent from the injection
site. Absorption can be higher and faster with intradermal
injection than with subcutaneous injection (11). The use of
filtered **™Tc-sulfur colloid is approved by the U.S. Food and
Drug Administration (FDA) for sentinel lymph node map-
ping. It is used off-label for other nononcologic applications.
#mTc—sulfur colloid is filtered by using a 100-nm (0.1-pm)
filter. An acidic pH is needed for *™Tc-sulfur colloid to be
stable. Acidic pH causes mild burning at the injection site
(38).

Radiotracers used for lymphoscintigraphy outside of the
United States include *™Tc-albumin nanocolloid (5-80
nm), *™Tc-rhenium colloid (2-15 nm), **®Tc-antimony tri-
sulfide colloid (3-30 nm), **Tc-human serum albumin,
PmTc—human immunoglobulin, and **™Tc-dextran. *™Tc-
antimony trisulfide colloid was the first particulate *™Tc-
based agent used for lymphoscintigraphy, but it never had
widespread commercial use. *™Tc—albumin nanocolloid is
popular in Europe, with 95% of the particles being smaller
than 80 nm (38).

2mTc—tilmanocept is FDA approved for sentinel lymph
node mapping, but the mechanism favors trapping at the
sentinel lymph node level; therefore, it is not considered
a good candidate radiotracer for lymphedema evaluation.
“mTc-tilmanocept has a relatively small particle size (7 nm)
and is rapidly cleared from the site of injection. It attaches to
the mannose receptor on dendritic cells and macrophages in
lymph nodes (CD 206), with selective localization in the sen-
tinel lymph nodes (39).
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Figure 4. Typicalsites of injection for upper
and lower extremity lymphoscintigraphy. The
first and second web spaces of the hands (A)
and first and second web spaces of the

feet (B) are commonly injected for evaluations
of the upper extremities and lower extremi-
ties, respectively.

Administration of radiopharmaceuticals.—The typical dose
of filtered *™Tc-sulfur colloid used to perform adult lympho-
scintigraphy is 1-4 mCi administered in a volume of 0.5-1.0
mL. A 1-mL syringe with a 25-30-gauge needle is used for in-
jection. The injection sites are the first and second web spaces
of the hands for upper extremity evaluation and the first and
second web spaces of the feet for lower extremity evaluation.
Injections can be performed in the dorsum of the extremities
in select cases. The extremities on both sides are injected,
even in patients with unilateral lymphedema, because the
drainage from the unaffected normal extremity is used for
comparison of normal versus abnormal findings (Fig 4).
Both subcutaneous and intradermal injections are ac-
ceptable. Intradermal injection results in faster clearance,
although there is no clear overall benefit of this injection ap-
proach. The abnormal side should be injected first so that if
there is a delay in lymphatic drainage on the affected side, it
will not be due to differences in the time of injection. Massage
atthe injection site and extremity exercise maneuvers such as
toe flexion and extension and hand gripping are encouraged
to facilitate rapid transit of the radiopharmaceutical (6,38).

Patient Preparation
Patient preparation is important to ensure a seamless patient
experience on the day of the examination. At the authors’
institution, a technologist provides the patient with exam-
ination-related information a few days before the procedure.
This information includes details about the procedure, the
application of a topical anesthetic, and the removal of elastic
compression stockings at least 4 hours before the procedure.
The patient’s history of claustrophobia (if applicable) and
need for anxiolytic and/or pain medication are discussed,
with a driver being required if the patient receives sedatives.
The procedural details conveyed to the patient include the
duration of the study (usually 3-4 hours) and the expected
waiting time between image acquisitions. The patient is in-
structed to apply the topical anesthetic to the first and second
web spaces of the hands or feet, depending on the indication,
1-4 hours before the injection and to cover the area with a non-
porous material or wrapping. Topical anesthetics are usually
available over the counter. No fasting is required. On the day of
the examination, if the patient is female, the technologist also
verifies that she is not pregnant.
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Figure 5. Normal findings at lower extremity lymphoscintigraphy in a 45-year-old woman with bilateral lower extremity edema. Immedi-
ate anterior and posterior whole-body (WB) planar images verify the injection sites (blue arrows). Markers (green arrows) are placed to the
right of the shoulders, hips, and knees for anatomic orientation. Two-hour WB planar images show the progression of radiotracer through
the lower extremities, with normal uptake in the inguinal lymph nodes (red ovals), as well as eventual visualization of the liver (arrow-
heads), indicating the transit of radiotracer activity through the thoracic duct into the systemic vasculature.

Image Acquisition

There are currently no standardized procedural guidelines
for performing nuclear lymphangiography. The image acqui-
sition protocol described here reflects the protocol followed at
the authors’ institution.

Immediately after the radiopharmaceutical agent is inject-
ed into the first and second web spaces of the hands or feet,
whole-body images are acquired. Thirty minutes of dynamic
imaging of the extremities can also be performed. After this,
delayed static images of the whole body are acquired at 1, 2,
and 3-4 hours. SPECT/CT is rarely used in lymphedema cas-
es. It is more commonly used in cases of chyle leaks to im-
prove sensitivity and provide better anatomic detail.

The immediate, or 30-minute, postinjection images should
be evaluated to determine the location of the injection sites
and for symmetry, correct placement of markers (eg, knee,
shoulder), signs of external contamination, technical adequa-
cy, and potential pitfalls. These “immediate” images provide
a baseline for future comparisons. Delayed static images are
acquired at 1, 2, and 4 hours after the injection and are mon-
itored for radiotracer progression, symmetry of lymphatic
channels, lymph node uptake and symmetry, and presence of
radiotracer in the soft tissues.
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Imaging is complete once the liver is visualized, indicating
the transit of the radiotracer into the systemic circulation. If
the liver is not seen at the 4-hour time point, additional de-
layed imaging may be performed.

Lymphoscintigraphy: Interpretation of Findings
and Role of SPECT/CT

Normal Lower Extremity and Upper Extremity Findings
At normal-result lower extremity lymphoscintigraphy, by 30
minutes to 1 hour after injection, progression of the radiotracer
is observed from the site of injection in the first and second in-
terdigital web spaces to the inguinal lymph nodes, with activity
observed in the liver at 2-4 hours. Uptake in the liver suggests
the transit of radiotracer into the systemic circulation. Normal-
ly, popliteal lymph nodes are not visualized. In a normal study,
the progression of radiotracer through the lower extremities is
usually symmetric, and little radiotracer activity is observed in
the soft tissues (Fig 5) (40).

At normal-result upper extremity lymphoscintigraphy, the
radiotracer travels from the injection site to the axillary lymph
nodes within 30 minutes. An initial dynamic acquisition is of-
ten performed, and the resultant images can show transport
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Figure 6. Normal findings at upper extremity lymphoscintigraphy in a 55-year-old woman with right upper extremity edema. Anterior and
posterior whole-body (WB) planar images acquired at 30 minutes after injection verify the injection sites (blue arrows) and show radiotracer
activity in the bilateral axillary lymph nodes (red ovals). Faint visualization of the liver (arrowheads) indicates transit of radiotracer through
the thoracic duct into the systemic vasculature. Markers (green arrows) are placed to the right of the shoulder, iliac crest, and knee for ana-
tomic orientation. Two-hour WB planar images show the progression of radiotracer through the upper extremities, with symmetric uptake in
the axillary lymph nodes (red ovals), increased activity within the liver (arrowheads), and absence of dermal backflow.

of the radiotracer to the axillary lymph nodes. Activity is usu-
ally observed in the systemic circulation by 2 hours (Fig 6).

Extremity Lymphedema

The criteria for diagnosing lymphedema at lymphoscintigra-
phy include absent, asymmetric, or delayed drainage from the
site of injection; absent, delayed, or asymmetric decreased
activity of inguinal lymph nodes (at lower extremity lympho-
scintigraphy) or axillary lymph nodes (at upper extremity
lymphoscintigraphy); dermal backflow; dilated lymphatics or
lymphangiectasis; presence of collaterals; and unexpected vi-
sualization of lymph nodes (eg, popliteal lymph nodes) along
the deep lymphatics. Findings of lymphedema in the upper
and lower extremities (Figs 7, 8) are similar (40).

Lee and Bergan (41) proposed the use of a staging system
based on lymphoscintigraphic findings to assess the severi-
ty of lymphedema. The four stages are based on characteri-
zation of five findings: dermal backflow, lymph node uptake,
collateral lymphatics, main lymphatics, and radiotracer clear-
ance from the site of injection (41).

Dermal backflow refers to the accumulation or reflux of
radiotracer into superficial soft tissues. This occurs owing
to the drainage of lymphatic fluid through dermal collater-
als because of damaged or obstructed lymphatic channels or
congenitally abnormal or absent lymphatic channels. Dermal

Volume 45 Number7

backflow as a sign of lymphatic obstruction has been report-
ed since 1959 (42). In addition, dermal backflow is recognized
at MR lymphangiography as enhancing skin thickening and
subcutaneous edema (Fig 9).

The addition of SPECT/CT can provide additional informa-
tion. The extent and severity of dermal backflow, morphologic
changes of lymphedema (on CT images), and presence or ab-
sence of lymph nodes can be more accurately assessed with
SPECT/CT. A honeycomb pattern in the subcutaneous fat, with
fluid and fibrosis surrounding fat lobules, is considered to be
characteristic of lymphedema and can be visualized on CT imag-
es. Other findings at CT include skin thickening, fluid collections
adjacent to fascia, and absence of intramuscular edema (43).

It is difficult to reliably differentiate primary from second-
ary lymphedema. Patients with primary lymphedema may
have a profound paucity or lack of lymphatics in the affect-
ed extremity. At lymphoscintigraphy, these findings correlate
with a severe delay in the ascent of the radiotracer, marked
dermal backflow, and decreased or absent radiotracer in the
inguinal and/or axillary lymph nodes. In contrast, lymphat-
ics are more often observed in patients with acquired lymph-
edema, and there is a less severe delay in the ascent of the ra-
diotracer. Dermal backflow and decreased number of lymph
nodes can be features of both primary and secondary lymph-
edema (Fig 10) (44).
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B 30 min a0 min Figure7. Spectrum of lympho-
scintigraphic findings of lymph-
edema in two patients.

(A) Anterior planarimages at 1
and 24 hours after radiotracer
injection in a 40-year-old woman
v with right lower extremity swelling
after right inguinal lymph node dis-
: section and radiation to the right
. inguinal region show an absence
of drainage from the right lower
. extremity (arrows), persisting for
up to 24 hours, compatible with

R L R L complete lymphatic obstruction.
(B) Anterior planarimage at 30
minutes after radiotracer injection
(left) in a 62-year-old woman with
bilateral lower extremity swelling

= after hysterectomy and inguinal
lymph node dissection shows
asymmetric delayed drainage
from the right lower extremity
(purple arrow), with the 90-min-
”- . ' ute image (right) showing dermal
. backflow in the left lower extrem-
) ity (green arrow), compatible with
ol Anterior bilateral lymphatic dysfunction.

Figure 8. Upper extremity lymphedema in a 35-year-old patient with left arm swelling
following left axillary lymph node dissection for metastatic breast cancer. Anterior planar
lymphoscintigraphic image 6 hours after radiotracer injection shows prominent dermal
backflow in the left upper arm (blue arrow) and asymmetric decreased prominence of the
left axillary lymph nodes (green circle) compared with the prominence of the right axillary
lymph nodes (purple circle), diagnostic of lymphatic obstruction. An incidental epitrochlear
lymph node (yellow arrowhead) is seen in the right elbow. Subtle radiotracer activity is not-
ed in the liver (orange arrowhead), and the lower jugular and supraclavicular lymph nodes
in the left lower neck (yellow circle) demonstrate radiotracer activity.

In patients with acquired lymphedema following surgery
or radiation therapy, varying degrees of lymphedema are
observed, depending on the degree of preserved lymphatic
channels and normal draining lymph nodes (Figs 11-13).

Visualization of the popliteal lymph nodes indicates super-
ficial lymphatic drainage rerouting into the deep lymphatic
system; this can be seen in up to 30%-40% of lower extremity
lymphedema cases. It is associated with a diagnosis of lym-
phatic obstruction of greater severity and extended duration
(Fig 14) (45).

Chyle Leakage

When looking for chylous leakage in the body, delayed im-
aging is performed until the liver can be seen to ensure that
the radiotracer has transited through the lymphatic system
and into the systemic vasculature. At lymphoscintigraphy,
diffuse low levels of radioactivity are observed in chylous
fluid collections (Fig 15).

Chylothorax and chylous ascites can occur from injury to the
thoracic duct and cisterna chyli during surgery. The addition of
SPECT/CT to evaluate suspected chyle leaks can increase sensi-
tivity and aid in precise localization of the injury site. This can

9 radiographics.rsna.org
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Figure9. Correlation of lymphoscintigraphy and MR lymph-
angiography findings. (A) Anterior and posterior planar lower
extremity lymphoscintigraphic images show abnormal lym-

o — e phatic drainage in the left lower extremity with dermal backflow
marker . marker (arrows). (B, C) Precontrast (B) and postcontrast (C) T1-weight-
- - ed fat-saturated MR lymphangiographic images show dermal

1 x backflow (arrow in B), which has increased signal intensity
. 2 (arrow in €) on the postcontrast image. This backflow should
‘ . . not be mistaken for incomplete fat suppression.
R L L R
= .’ * 5 -
Knee . v . Knee
marker . marker

A Anterior Posterior
Redadien Bodlarior Figure '10. Pr!mary lyrnphedgma ina4l-year-old man with rjlght lower
’ extremity swelling, beginning in the ankle and progressing to involve the
iy R entire right lower extremity, and no history of trauma or prior surgical
. ‘ procedures. Abdominal and pelvic images (not shown) showed no mass-

es or obstruction. Lower extremity lymphoscintigraphic images indicate
a lymphatics-related cause of the right leg edema, with marked retention

‘%ﬁ’.\._. ’ "41‘ of radiotracer in the soft tissues of the right leg (purple arrows) and nonvi-
‘ : : i ’:%« sualization of the right inguinal lymph nodes, despite visualization of the
y left inguinal lymph nodes (blue ovals) and liver (green arrows).

help in planning surgery or intervention (ie, glue embolization

or sclerotherapy) for chyle leakage (Fig 16) (26,46).
Lymphoceles are collections of lymph that occur from in-
jury to lymphatics or lymph nodes during surgery. They are
R L L ‘ R usually asymptomatic and are managed conservatively. When
the lymphoceles are large and cause mass effects, they re-
quire drainage or further intervention. Lymphoceles can be
evaluated with lymphoscintigraphy when the diagnosis is in

: : = doubt (Fig 17) (46,47).

Lymphatic Malformations

Lymphoscintigraphy is not commonly performed to evaluate
lymphatic malformations. However, it may be helpful in atyp-
ical cases or when the patency of central lymphatic vessels
needs to be established (Fig 18) (48).

Reporting
The report for alymphoscintigraphic study should include the
date and time of the procedure; the patient’s relevant clinical

Volume 45 Number7 10 radiographics.rsna.org
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Immediate el 2-hour

;_".’:;‘.‘ﬁ"-_* Figure11. Postsurgicallymphede-
: e S ma with partially preserved function
in a 25-year-old man with a history of

i L B 5 » synovial cell sarcoma of the left leg and
y : : 2 ‘ L™= radiation therapy 5 years earlier who
i « . : ‘ ; J t F) g S T presented with left leg swelling. US

: T A ' sy : S findings (not shown) were negative for
% : Ak " deep venous thrombosis. Immediate
; i Lk ‘ scintigraphic images show delayed

E drainage in the left lower extremity
& Tioa = : Y- b lymphatic channels with limited transit,
; W Sl « ascompared with the normal-appearing
: 2 ! 1 ! lymphatics in the right lower extremity.
On the left side, radiotracer remains
at the level of the lower leg (yellow
arrows), while it demonstrates rapid
transit into the inguinal region (blue
arrows) on the right side. Delayed (2-
hour) images show prominent dermal
backflow (green arrows) in the left lower
leg. Radiotracer eventually reaches the
leftinguinal lymph nodes (oval outline),
indicating some residual drainage.

Anterior Posterior Anterior Posterior

Figure 12. Postsurgical lymphedema with partially preserved function in a 77-year-old man with chronic right iliac
vein thrombosis. (A) Anterior and posterior static 2-hour scintigraphic images of the lower extremities show delayed
drainage from the right lower extremity and dermal backflow (blue arrows) in the medial right thigh. There is normal
visualization of the left inguinal lymph nodes (red ovals), with asymmetric decreased accumulation of radiotracer

in the right inguinal region. (B) Coronal fused SPECT/CT image helps confirm the findings in A, with the right thigh
demonstrating radiotracer accumulation in the skin and subcutaneous soft tissue in the medial aspect (blue arrow),
suggesting dermal backflow, and a decreased number of radiotracer-avid right inguinal lymph nodes compared with
the lymph nodes on the left side (purple arrow).

A 2-hours

4= =>

.

Knee Knee
marker marker

Anterior Posterior
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30 min 4-hours

Figure 13. Right lower extremity lymphedemain a

64-year-old woman after radiation therapy for a perineal

tumor. (A) Axial CT image after radiation and right inguinal

sentinel lymph node biopsy shows asymmetric enlarge-

ment (purple arrow) and edema (blue arrow) of the right

lower leg. (B) Thirty-minute static anterior whole-body

image from lower extremity lymphoscintigraphy shows

asymmetric delayed drainage from the right lower extrem-

ity, with increased lymphatic collateral formation (arrows). »

(C) Anterior and posterior delayed whole-body images at 4 ¢

hours show dermal backflow (arrows) throughout the right
lower extremity, with normal visualization of the left ingui-
nal lymph nodes (purple ovals) and absent visualization

of the right inguinal lymph nodes, compatible with right

lower extremity lymphatic obstruction. « *

R L R L L R

C Anterior Posterior

Figure 14. Lymphedema with popliteal lymph node visualization in a

3-hours 51-year-old man with chronic left lower extremity swelling following heart
transplant and cannulation at the left femoral site. Anterior and posterior
planar lymphoscintigraphic images 3 hours after radiotracer injection
show prominent dermal backflow in the left proximal thigh (blue arrows),
with asymmetric visualization of the left popliteal lymph nodes (purple
circles), compatible with lymphatic obstruction.

history and indication for the examination; the dose, volume,

: and route and site of administration of the radiopharmaceu-

¢ 5 tical agent; the protocol for image acquisition; the imaging
findings; and the impression. A sample reporting template is

: , _A
‘ ? « *k x G provided in Table 2.

R .f L@ L R Treatment
5

-

i At present, there is no cure for lymphedema. Other caus-
es of limb edema, such as deep vein thrombosis, infection,

3 F vascular malformation, and mass, should be considered
@ @ and excluded before a diagnosis of lymphedema is made
(49). Therapeutic options for managing lymphedema can

be divided into two broad categories: nonsurgical and sur-

! gical (Table 3). The aim of nonsurgical treatment options is
to stimulate collateral pathway development, decrease in-
terstitial fluid volume, and enhance patient function. Ex-
amples include medication treatment, complex deconges-
tive therapy, and use of compression devices. Treatment of
lymphedema with diuretic medications is not recommend-
ed. Complex decongestive therapy (CDT) is the mainstay of
‘ P » - nonsurgical management of lymphedema (50). The initial
p . intensive volume-reduction phase of CDT involves the use
Anterior Fostenar of low stretch bandages and manual lymphatic drainage.
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Chylous leakage in
< two patients. (A) Lower extremity
lymphoscintigraphicimagein a
44-year-old woman who underwent
heart transplant 4 months previous-
. lyand was found at presentation to
: have recurrent pericardial effusion
- concerning for a chyle-related cause
‘o shows physiologic liver uptake (ar-
row) and no evidence of radiotracer
accumulation in the pericardium.
¥ Spot-view and SPECT/CT findings
(not shown) confirmed these

'\ findings. (B, C) Lower extremity

<{ lymphoscintigraphicimagesina
3; 57-year-old woman with concern

: for chylous ascites shows radiotrac-
er accumulation in the liver (blue
arrow in C) and left and middle
portions of the abdomen (purple
arrows in B), compatible with active
< lymphatic leakage. The body con-
tour was drawn by running a point
source (arrowheads) around the
patient’s body.

Figure 16. Assessment of chylous leakage in
a 52-year-old man with continuous high output
from a left chest tube that raised concern for
chylous effusion. (A, B) Anterior (A) and poste-
rior (B) 6-hour spot-view lymphoscintigraphic
images of the chest show radiotracer uptake

in the liver (arrow) and no definite radiotracer
activity in the left hemithorax. There is vague
radiotracer activity overlying the mediastinum.
(C) Axial fused SPECT/CT image shows radio-
tracer activity in the left pleural effusion (arrow)
diagnostic of chylothorax and physiologic
activity in the liver (arrowhead).
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Figure 17. Assessment for suspected lymphocele in
a 40-year-old woman who underwent prior cannula-
tion of the right groin for extracorporeal membranous
oxygenation, with subsequent swelling and clear

discharge from the wound that were concerning for Figure 18. Lymphatic malformation in a 21-year-old woman
lymphocele. (A) Anterior and posterior whole-body with left leg edema. (A) Anterior and posterior planar lympho-
static lymphoscintigraphic images show symmetric scintigraphic images 2.5 hours after radiotracer injection show
drainage of both lower extremities, with radiotracer delayed radiotracer clearance from the left lower extremity, with
accumulation in bilateral inguinal regions (red ovals). ectopic foci of radiotracer activity (red ovals) along the lym-
SPECT/CT was performed to assess for radiotracer phatic channels. (B) Coronal SPECT/CT image of the legs shows
accumulation in the groin collection suspected to be several areas of focal radiotracer accumulation (arrows) in the
lymphocele. (B) Coronal fused SPECT/CT image shows left calf. The final diagnosis was lymphatic malformation.

radiotracer accumulation in bilateral inguinal lymph
nodes. However, no activity is present in the right
groin collection (arrow), ruling out a lymphocele.

Volume 45 Number7 14 radiographics.rsna.org
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Table 2: Sample Reporting Template for Lymphoscintigraphy

Item

Data to Input*

Study date and time  [Date and time of examination]|

Comparison [Other relevant imaging studies]
Clinical indication

Radiotracer dose

Technique
Findings

ized at [time point]

the [upper or lower] extremities
Impression

[Patient’s relevant clinical history and reason for undergoing the study]
[Radiotracer activity; radiotracer dose, volume, and route of administration]|

[Number of ] hours before the procedure, a topical anesthetic was applied to the first and second interdigital web
spaces of the [upper or lower] extremities. The skin over these areas was prepared by using a sterile technique.
[Amount of activity administered, in millicuries or megabecquerels] of *™Tc-filtered sulfur colloid in [volume
of radiotracer, in milliliters] was injected [intradermally or subcutaneously?]. This process was repeated on the
[other side if bilateral] side. Dynamic images of the [upper or lower] extremities were obtained for 30 minutes.
Static images of the whole body were acquired at [time point(s)] after radiotracer injection. To better localize
radiotracer uptake, SPECT/CT of the [area] was performed at [time point] after radiotracer administration

On the initial dynamic images of the [upper or lower] extremities, [inguinal or axillary] lymph nodes were visual-

On the static images at 1 hour, there was radiotracer progression to the level of the [anatomic site]. There was
[symmetric? asymmetric?] radiotracer uptake and progression in the normal-caliber lymphatic channels in

On SPECT/CT images [if obtained], radiotracer activity was seen within the [exact anatomic location]. Radiotracer
activity was also seen in the [other areas of activity]. [Add additional CT findings]

Normal [upper or lower] extremity lymphangiogram, with no scintigraphic evidence of [clinical entity]

* Data to be input by the individual preparing the report are enclosed in parentheses.

Table 3: Approaches to Treatment of Lymphedema

Treatment Description
Nonsurgical Medication, compression devices, complex
decongestive therapy
Aim is to stimulate collateral pathway devel-
opment, decrease interstitial fluid volume,
and enhance patient function
Surgical Charles procedure, panniculectomy,
debulking liposuction
Does not treat the root cause of lymphedema,
but significant volume reduction improves
quality of life
Reestablishing Lymphovascular anastomosis, lymph node
lymphatics transfer

Treats lymphedema by reestablishing path-
ways for lymphatic drainage

After maximal reduction of lymphedema is achieved, the
patient enters the maintenance phase involving the appli-
cation of compression bandages. Care of the nails and skin
and exercise are part of both phases. If needed, the patient
can also use sequential gradient pumps to further aid lym-
phatic drainage (50).

Surgical debulking procedures include liposuction, pan-
niculectomy, and the Charles procedure. Debulking proce-
dures are indicated for advanced lymphedema and mainly
address the secondary fat hypertrophy and fibrosis that are
seen in patients with lymphedema. Although these debulking
procedures do not treat the root cause of lymphedema, signif-
icant volume reduction can improve quality of life (51). The
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Charles procedure is a radical debulking procedure reserved
for severe and massive lymphedema; it involves excision of
the affected tissues followed by skin graft placement. It is un-
commonly performed due to the significant risk of complica-
tions such as infection and bleeding (52).

Surgical therapeutic options for lymphedema have
evolved into microsurgical procedures that reestablish lym-
phatic drainage pathways. These procedures include vascu-
larized lymph node transfer and lymphaticovenous anas-
tomosis. There is evidence to suggest that both procedures
can decrease the severity of edema and are recommended
for the early stages of lymphedema. Lymph node transfers
involve the transfer of a flap, containing lymph nodes and
surrounding fat, to the damaged site. It has been postu-
lated that cytokines in the tissue surrounding the lymph
nodes may stimulate the growth of lymphatics. A potential
risk factor for vascularized lymph node transfer is iatrogen-
ic lymphedema. Reverse lymph node mapping to prevent
lymph nodes that are draining the extremities from being
harvested is used to avoid this potential pitfall (51,53,54).

Lymphaticovenous anastomosis is a microsurgical tech-
nique in which a communication between lymphatics and
adjacent veins is created to decompress the lymphatic cir-
culation. Patient outcomes can vary depending on the lym-
phatics and the number of anastomoses. Lymphaticovenous
anastomosis may be preferred over vascularized lymph node
transfer if suitable lymphatics are identified at imaging (55).

Conclusion
Lymphoscintigraphy, when combined with knowledge of the
physiology of lymphatics, imaging technique, image inter-
pretation, and related potential pitfalls, can be a powerful

radiographics.rsna.org
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tool in the nuclear medicine arsenal. It can be used for senti-
nel lymph node mapping and the diagnosis of lymphedema,
lymphatic leakage, chylothorax, and chylous ascites. It has
high sensitivity and specificity for the diagnosis of lymph-
edema and can be helpful in timely diagnosis. Lympho-
scintigraphy can also provide valuable information when
patients are being considered for microsurgical treatment
options such as vascularized lymph node transfer or lym-
phaticovenous anastomosis.
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