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Conventional oil-contrast lymphography has long been the mainstay
for lymphatic imaging. However, the emergence of computed tomog-
raphy (CT) and magnetic resonance (MR) imaging has severely cur-
tailed its use. Because of recent improvements and refinements, lym-
phangioscintigraphy now permits high-resolution imaging of peripheral
lymphatic vessels and provides insight into lymph flow dynamics. It is
indispensable for patients with known or suspected lymphatic circula-
tory disorders in confirming the diagnosis and delineating the patho-
genesis and evolution of lymphedema. In addition, lymphangioscintig-
raphy helps evaluate lymphatic truncal anatomy and radiotracer trans-
port. It can also be used to evaluate the efficacy of various treatment
options designed to facilitate lymph flow or reduce lymph formation.
The procedure is essentially noninvasive, can easily be repeated, and
does not adversely affect the lymphatic vascular endothelium. MR im-
aging complements lymphangioscintigraphy in the monitoring and
treatment of more complex lymphatic circulatory disorders, whereas
CT facilitates catheter-guided percutaneous sclerosis or obliteration of
specific lymphangiectasia or lymphangioma syndromes. Ultrasonogra-
phy has proved useful in the setting of filariasis. Patients with a provi-
sional diagnosis of peripheral lymphatic dysfunction or idiopathic ede-
ma should undergo diagnostic lymphangioscintigraphy and, in some
cases, MR imaging to verify diagnostic accuracy, pinpoint the specific
abnormality, and help guide subsequent therapy.
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Introduction
It is axiomatic that in patients with suspected ar-
terial or venous disease, the diagnosis should be
verified before definitive treatment is undertaken.
In peripheral arterial dysfunction, corrobora-
tion takes the form of absent palpable pulses, de-
creased ankle or brachial arterial pressure indexes,
deranged anatomy at arteriography, or calcifica-
tion of distal arteries at radiography. In venous
disorders, corroboration takes the form of promi-
nent venous varicosities or findings of valve in-
competence or luminal occlusion at impedance
plethysmography, duplex Doppler ultrasonogra-
phy (US), and contrast material–enhanced or ra-
dionuclide phlebography.

Unlike the standard evaluation of disorders of
the blood vasculature, the diagnosis of lymphatic
circulatory disorders usually rests primarily on
clinical impression (ie, suggestive history and
characteristic findings at physical examination).
Thus, patients who have undergone dissection or
irradiation of the axilla for staging or treatment of
breast cancer and later develop unilateral arm
edema are assumed to have secondary lymphe-
dema. Similarly, in certain highly endemic re-
gions of the world, peripheral edema is occasion-
ally linked to adult filarial worms lodged in the
limb lymphatic system, either owing to the pres-
ence of microfilariae in the bloodstream or, more
commonly, simply on the basis of statistical prob-
ability. Yet, even in these relatively “straightfor-
ward” situations, it remains clinically desirable,
as with blood vasculature disorders, to pinpoint
the anatomic and physiologic derangement, par-
ticularly before embarking on a treatment regi-
men that is likely to require a lifelong commit-
ment and that may prove ineffective or even harm-
ful if the diagnosis of lymphedema is incomplete
or incorrect.

In this article, we review the background of
lymphatic imaging and discuss lymphangioscin-
tigraphic technique. We also discuss and illus-
trate the advantages and limitations of lymphan-
gioscintigraphy as well as MR imaging and CT in
the evaluation of lymph flow disorders, including
primary and secondary lymphatic dysplasia and
primary and secondary lymphedema.

Background
of Lymphatic Imaging

In the past, corroboration of the nature and ex-
tent of lymphatic dysfunction required the cum-
bersome, inconvenient, and usually one-time
procedure of conventional or direct lymphogra-
phy (1). Typically, this technique involved depic-
tion of dermal lymphatic vessels with intradermal
injection of a vital blue or green dye into the
hand or foot. After a small “cut-down,” the ex-
posed lymphatic vessel containing dye was can-
nulated and an oily medium slowly injected over
many hours under graded pressure to depict both
lymphatic collectors and regional draining lymph
nodes. Conventional lymphography has been the
standard of reference for definitive delineation of
the lymphatic system. However, the emergence
and ease of use of computed tomography (CT)
and magnetic resonance (MR) imaging for exam-
ining lymph nodes (ie, for size rather than archi-
tecture), the drawbacks of conventional lymphog-
raphy (including surgical exposure, damage to the
lymphatic endothelium [oil-injury lymphangiop-
athy], tediousness of dissection, pulmonary oil
embolism, and wound infection) (2), and the
prevailing pessimism about the effectiveness of
treatment of lymphedema have led most physi-
cians to abandon lymphatic imaging and to rely
instead on patient history and physical appear-
ance for diagnosis and initiation of therapy.
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Despite this background of frustration in
lymphedema diagnosis and treatment, the avail-
ability of newer imaging techniques, the confus-
ing array of patients with idiopathic swelling, and
the increasing number of treatment options now
dictate that the prevailing attitudes and approach
be revisited. Cases involving peripherally distrib-
uted morbid obesity (often termed “lipedema”),
edemas of unclear or mixed cause, reflux syn-
dromes associated with genital swelling, or chy-
lous fistulas are either misdiagnosed on strictly
clinical grounds or treated haphazardly or with
additional risk because the initial impression is
either erroneous or poorly defined. Perhaps even
more disconcerting is that treatment trials are
easily confounded by appropriate treatment for
the “wrong” patient or inappropriate treatment
for the “right” patient. The recent development
and improvement of isotope lymphography (also
known as lymphangioscintigraphy) (3), especially
the whole-body modification that involves use of
a technetium-labeled macromolecule (eg, techne-
tium-99m albumin) as the radiotracer (4), has
dramatically changed the playing field. Indeed, as
a diagnostic tool for defining anatomic and func-
tional derangement in the lymphatic system or as
a method for monitoring treatment protocols (eg,
surgical procedures designed to augment lymph
return such as lymphatic- or lymph nodal–venous
shunt placement), whole-body lymphangioscin-
tigraphy is now the first-line imaging modality for
visualization of the lymphatic vasculature (4).

Lymphangio-
scintigraphic Technique

Although considerable variation exists, we have
found the following protocol optimal for obtain-
ing clear, comprehensive, and consistent lymphan-
gioscintigraphic images. Because details have
been published elsewhere (4), only the key fea-

tures are outlined here. Briefly, 500 mCi (18.5
MBq) diluted in 0.05 mL of Tc-99m albumin
(Kit Micro, Paramus, NJ; 92%–98% of albumin
tightly bound) is injected intradermally to raise a
wheal in the web space of the foot or hand (usu-
ally between the hallux or pollux and the adja-
cent digit). Both arms or legs are examined to
monitor injection and camera technique, even if
one limb appears clinically normal. After 1 minute
and again after 10–30 minutes, a high-resolution
scintiscan camera (eg, Toshiba Medical Systems,
Tustin, Calif) with a parallel hole collimator is
passed over the patient to provide a sharp image
of radiotracer transport. The macromolecule al-
bumin (MW 69kDa) preferentially (>98%) en-
ters initial lymphatic vessels and, subsequently,
lymphatic collectors and regional lymph nodes,
where it is readily depicted on scintigrams (Fig
1). After several hours, the radiotracer has largely
cleared from the extremity, with residual radio-
pharmaceutical remaining at the injection site
(but decaying to undetectable levels within 24
hours) or in regional nodes (“hot spots”). A wide
variety of lymphatic abnormalities can be dis-
played, and image quality is comparable to that
provided by direct (conventional) lymphography
(Fig 2). Unlike the latter technique, the isotope
method is simple, safe, and readily repeatable. As
a result, lymphangioscintigraphy has largely sup-
planted conventional oil-contrast lymphography
as the standard of reference for diagnostic imag-
ing (3,4) and allows treatment planning based on
a “positive” image of lymphatic dysplasia rather
than on “negative” reasoning from depiction of
an intact venous system at US or phlebography, a
normal serum albumin level, or an unremarkable
abdominal CT scan or MR image.
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Figures 1, 2. (1) Normal lymphangio-
scintigraphic findings. Lymphangioscin-
tigrams of the arms (top) and legs (bot-
tom) obtained 30 and 40 minutes after
injection of radiotracer, respectively dem-
onstrate normal findings. On lymphangio-
scintigrams obtained 4 hours later (not
shown), the radiotracer (Tc-99m albu-
min) had cleared from each extremity.
(2) Idiopathic lymphedema of the left leg
in a 69-year-old woman. Conventional oil-
contrast lymphograms (a) and lymphan-
gioscintigram (b) show dermal backflow
in the left thigh with premature left-to-
right crossover in the pelvis.

2a.

1. 2b.
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4a. 4b.

3b.

3a.

Lymphangioscintigraphy in the
Evaluation of Lymph Flow Disorders

Primary
Lymphatic Dysplasia
Although the prototypical disorder involving a
primary disturbance of lymph flow is Milroy dis-
ease, this hereditary entity is rare. Most patients
with primary lymphedema have either unilateral
or bilateral swelling (involving the legs more of-
ten than the arms), and the occurrence of edema
is an isolated phenomenon with no familial pat-
tern. In this regard, primary lymphatic dysplasia
resembles other angiodysplastic syndromes such
as Klippel-Trenaunay disorder, which is often
associated with venous (Klippel-Trenaunay-
Servelle syndrome) (5) and lymphatic abnormali-
ties, occasionally coexists with arterial distur-
bances (Klippel-Trenaunay-Weber syndrome)
(6), and seems to arise as a somatic mutation in

Figures 3, 4. (3) Congenital lymphedema of the left arm
in a 3-year-old girl. (a) Clinical photograph demonstrates
marked enlargement of the patient’s left arm compared with
the normal right arm. (b) Lymphangioscintigram demon-
strates absence of radiotracer transport (aplasia) in the left arm
with normal findings in the right arm. MR imaging demon-
strated that, except for edema, the blood vessels and soft tis-
sues were unremarkable. (4) Congenital lymphedema in a 16-
year-old girl. (a) Clinical photograph shows enlargement of
the right leg. (b) Lymphangioscintigrams obtained 38 min-
utes (left) and 4 hours (right) after injection of radiotracer
demonstrate aplasia of right leg lymphatic vessels and normal
transport in the left leg.

utero. In contrast, Milroy disease is an inherited
autosomal dominant disorder with high pene-
trance in which usually one parent and half of the
siblings are afflicted—most commonly at birth or
soon thereafter—with lymphedema of one or both
legs and occasionally of the arms, face, or other
body parts (7).

Primary Lymphedema
The clinical manifestations of primary lymphede-
ma occur in patients from birth to over 25 years of
age. Thus, it is not surprising that lymphangio-
scintigraphic findings in affected patients vary
considerably. Nonetheless, certain features stand
out, most of which are distinct from lymphangio-
scintigraphic changes in secondary lymphedema.
Most prominent is either the complete absence of
radiotracer transport (Figs 3, 4) or early migration
of radiotracer into the interstitium (dispersion or
dermal backflow) without evidence of lymphatic



1702 November-December 2000 RG ■ Volume 20 • Number 6

Figure 5. Lymphatic hypoplasia in a 39-
year-old woman with a 20-year history of
right leg lymphedema (lymphedema pre-
cox). Lymphangioscintigrams obtained 1
(left), 4½ (middle), and 6 (right) hours af-
ter injection of radiotracer demonstrate a
lack of lymphatic collectors in the right leg
with progressive filling of superficial skin
lymphatic vessels (dermal backflow), find-
ings that are consistent with lymphatic hy-
poplasia.

truncal flow (ie, truncal aplasia or hypoplasia)
(Fig 5). In this context, it is imperative that a dis-
tinct wheal be raised at the site of radiotracer in-
jection to verify intradermal instillation. On occa-
sion, we (like others) have observed factitious
failure of radiotracer movement despite an intact
lymphatic system when the radiopharmaceutical
has been introduced into the subcutaneous tissue
(8).

In contrast to patients with primary lymphatic
disorders in whom peripheral edema is apparent
soon after birth or within the first 5 years of life,
another cohort of patients develop lymphedema
at puberty or thereafter up to 25 years of age. In
such cases, disease is classified as lymphedema
precox, although it is not entirely clear whether
affected patients represent a homogeneous sub-
set. Rarely, the condition is familial and associ-
ated with distichiasis (double row of eyelashes).
Whereas most patients with lymphedema precox
have imaging findings consistent with primary
lymphedema (ie, lack of lymph collectors, dermal
diffusion, delayed transport [Figs 4, 5]), other
patients paradoxically have intact collectors,
rapid regional transport, and delayed dermal diffu-

sion. In conjunction with findings at direct (oil-
contrast) lymphography (hyperplastic lymph
trunks or obliterated [fibrotic] lymph nodes [Fig
6]), these findings favor an acquired (versus con-
genital) origin. The Transport Index Score (TIS)
(9) is also instructive in this setting. The TIS al-
lows semiquantification of peripheral lymphatic
radiotracer transport by means of a relative value
score (0–9) for each marker. The scores are added
together to arrive at an overall numeric index de-
rived from objective and subjective criteria based
on lymphatic and nodal temporal and spatial dis-
tribution of the radionuclide and its rate of ap-
pearance in regional lymph nodes (groin or ax-
illa). The TIS ranges from 0 (normal) to 45
(pathologic) and is calculated as

TIS = K + D + 0.04T + N + V,

where K = lymphatic transport kinetics (degree
of transport delay); D = radionuclide distribution
pattern (degree of dermal backflow), T = timing
of radionuclide appearance in regional lymph
nodes (in minutes normalized for 200 minutes,
the maximum delay accepted for lymph node ap-
pearance), N = demonstration and intensity of
lymph nodes, and V = demonstration and inten-
sity of lymphatic collectors (Fig 7).



RG ■ Volume 20 • Number 6 Witte et al 1703

a. b.
Figure 6. Lymphedema precox in a 16-year-old girl. (a) Lymphangioscintigrams obtained 15, 25, 45, and 150
minutes after intradermal instillation of radiotracer show rapid transport to the groin but with prominent dermal
backflow in the right leg after 45 minutes. This finding is not typically seen in patients with lymphedema precox (cf
Figs 4, 5). (b) Conventional lymphogram shows a paucity or obliteration of right-sided parailiac lymph nodes.

Figure 7. Graph illustrates the lym-
phatic TIS in 130 patients with vari-
ous types of lower-limb lymphedema
(number of patients with each type
in parentheses). Patients with severe
(congenital) lymphatic dysplasia al-
most uniformly had a high TIS, a
finding that is indicative of sluggish
lymph transport. Note, however, that
lymphedema precox and tarda, like
secondary lymphedema, exhibit vari-
able changes in lymph transport, a
finding that is suggestive of a spec-
trum of physiologic manifestations
and, hence, of different causes. Mor-
bid obesity (“lipedema”) typically
displays normal lymph transport. A
similar TIS pattern has also been
documented for arm lymphedema.
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a. b. d.
Figure 8. Chylous reflux syndrome in an 8-year-old boy with left leg lymphedema. (a) Clinical photograph dem-
onstrates marked enlargement of the left leg. (b) Lymphangioscintigram obtained after injection of Tc-99m albu-
min into the right foot shows rapid transport to the right groin and retroperitoneum with prominent regurgitation
throughout the left leg. Lymphangioscintigraphy performed after injection of radiotracer into the left foot demon-
strated only dermal backflow, a finding that is consistent with lymphatic hypoplasia. (c) Close-up clinical photo-
graph of the left foot demonstrates prominent “milky vesicles” and edema, findings that are consistent with a chy-
lous reflux syndrome. (d) Transaxial CT scan of the pelvis shows prominent perirectal lymphatic vessels (arrow-
head), a finding that is consistent with a primary chylous reflux syndrome (intestinal lymphangiectasia).

c.

In secondary lymphedema and in lymphedema
precox and tarda, the TIS is generally abnormally
high although variable, which suggests both con-
genital and acquired causes. Retarded lymph
transport or faint or absent nodal visualization
typically contribute to the abnormally high TIS.

In some patients with lower-extremity lymph-
edema, lymphatic dysplasia also involves the vis-
cera, and peripheral edema is compounded by
reflux of retroperitoneal and even mesenteric
(intestinal) lymph. Because ingested triglycer-
ides are transported as opalescent chylomicra in
lymph, some of these reflux disorders are char-
acterized by regurgitation of intestinal (lacteal)
lymph into chylous skin vesicles or external leak-
age of milky lymph. Lymphangioscintigraphy
and MR imaging are particularly useful in dem-
onstrating regurgitation of lymph in these reflux
syndromes (Figs 8, 9).

In summary, lymphangioscintigrams obtained
in patients with primary lymphedema display ab-
sent or delayed radiotracer transport after intra-

dermal injection, absence or paucity of lymphatic
collectors, dermal diffusion (backflow), and poorly
visualized or absent regional lymph nodes, a con-
stellation that is diagnostic in the absence of a his-
tory of prior cancer chemotherapy, nodal extirpa-
tion or irradiation, or severe trauma.

Secondary
Lymphatic Dysplasia
Secondary lymphatic dysplasia has a multitude of
causes, but underlying each is obstruction of lymph
flow from an acquired cause. In developed coun-
tries, the most common antecedent is treatment
for cancer. Thus, as part of staging or eradication
of localized malignancies, regional lymph nodes
(and hence their afferent and efferent lymphatic
connections) are excised, irradiated, or obliter-
ated. For example, staging of breast cancer cur-
rently includes axillary dissection, whereas treat-
ment of malignant melanoma (especially in cases
involving thick lesions or deep dermal invasion)
often includes regional nodal dissection. Although
the occurrence of subsequent peripheral lymph-
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c. d.
Figure 9. Chylous reflux syndrome in a 12-year-old boy. (a) Clinical photograph shows chylous vesicles of the
scrotum. (b) Lymphangioscintigrams obtained 20 minutes (left) and 4½ hours (right) after injection of radiotracer
show intact lymphatic trunks with prompt transport but with slight thigh dermal backflow (arrowhead) and scrotal
filling (arrow). (c, d) Transaxial T2-weighted MR images show prominent perirectal lymphatic vessels (arrow in c)
and pubic skin with superficial lymphangiectasia (arrow in d).

a. b.

edema is unpredictable, it is well established that
the more extensive the regional node dissection,
the wider the irradiation field and the greater the
dose, and especially when both treatment modal-
ities are combined, there is a higher prevalence
and a greater severity of subsequent lymphedema
(10). On the other hand, it is not uncommon for
lymphedema to appear months, years, or even
decades after the initial insult (nodal dissection or
irradiation), so that the true prevalence of this
complication is still not fully known. The pro-
longed delay seems to be related to gradual dete-

rioration in the propulsive intrinsic contractile
force of the lymphatic wall (a key pathomecha-
nism of lymph transport) and progressive valve
incompetence (11,12). As with heart failure sec-
ondary to essential hypertension or aortic stenosis
with increased cardiac work against greater resis-
tance to blood flow, the lymphatic system gradu-
ally fails after nodal dissection because, over
time, lymphatic pumping requires greater work
and contractile force to overcome unremitting re-
striction to the free flow of lymph.
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Lymphangioscintigraphic Patterns in Primary versus Secondary Lymphedema

Tracer Dispersion
Type of Lymphedema Lymphatic Collectors Nodal Visualization (Dermal Backflow)

Primary
Hypoplasia Poorly defined Delayed Early, prominent
Aplasia Not seen Faint or absent Little or none

Secondary Discrete (especially early) Delayed, faint or absent Delayed, variable but
usually prominent late

Note.—Both early (<20 minutes after radiotracer injection) and late (>3 hours after injection) scintigrams
should be obtained.

Figure 10. Idiopathic secondary (acquired) lymph-
edema in a 58-year-old man with sudden onset of un-
explained lower left leg edema. Duplex Doppler US
showed a patent deep venous system with competent
intraluminal valves. Lymphangioscintigrams obtained
35 minutes (left) and 4½ hours (right) after injection
of radiotracer show intact deep trunks but with dermal
backflow (arrow on earlier image) and accumulation in
the lower left leg (later image). These findings are con-
sistent with idiopathic secondary lymphedema.

In contrast to secondary lymphedema in de-
veloped countries, acquired lymphedema in un-
developed or third-world countries is often caused
by filariasis or other infectious processes. Trans-
mitted in larval form by insect vectors, the adult
filarial nematode takes up residence in the pe-
ripheral lymphatic vessels and nodes. Seemingly
impervious to the host defense mechanisms (lymph
nodes, lymphocytes, circulating lymph) or else
confusing them by molecular mimicry, the active
worms interfere with lymph flow, and in extreme
cases the involved limb or genitalia take on an el-
ephantine or pachydermatous appearance. Some
patients have predominant or concomitant vis-
ceral lymphatic involvement, which may culmi-
nate in conditions such as chyluria, hydrocele,
chylous reflux (chylometrorrhagia or chylous
vesicles), genital edema, or even massive breast
engorgement (13). Because many patients in en-
demic areas often walk barefoot, it is thought that
overt or subclinical bacterial infection contributes
to the grotesque deformities often associated with
these parasitic conditions (14).

Although cancer treatment and infectious pro-
cesses explain the presence of secondary lymph-
edema in the majority of affected patients, there
is a wide variety of other etiologic factors. For ex-
ample, lymphatic dysfunction that accompanies
long-standing venous disease or occurs after ve-
nous stripping and ligation or secondary to ex-
tensive lymphatic infiltration directly by invasive
cancer may contribute to or produce leg or arm
swelling. There are also many patients in whom
the cause of edema is unclear. In these individu-
als, the disease is often termed lymphedema
tarda because limb swelling commences later in

life (ie, after the age of 30 years). Lymphedema
tarda has generally been viewed as congenital in
origin with a delayed manifestation, but the late
onset and lymphangioscintigraphic findings often
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Figure 11. Secondary (acquired) lymphedema of the left arm in a 64-year-old woman. The patient had undergone
modified radical mastectomy and regional irradiation for breast cancer 3 years earlier. Sequential lymphangioscin-
tigrams obtained 12 minutes (left), 38 minutes (middle), and 4 hours (right) after injection of radiotracer show ini-
tially intact deep trunks with progressive dermal backflow in the left arm. These findings are compatible with ac-
quired or secondary lymphedema (cf Figs 3–5).

Figure 12. Secondary (acquired)
lymphedema of the right leg in a 37-
year-old woman. The patient had un-
dergone radical hysterectomy and
retroperitoneal irradiation for uterine
carcinoma 6½ years earlier.Lymphan-
gioscintigrams obtained 22 minutes
(left), 45 minutes (middle), and 4½
hours (right) after injection of ra-
diotracer demonstrate initially intact
lymphatic trunks but with progressive
dermal backflow in the right thigh
and hip. These findings are consis-
tent with secondary lymphedema (cf
Figs 3–5).

suggest a secondary or acquired cause (Fig 10).
Like lymphedema precox, which is usually attrib-
utable to lymphatic hypoplasia, lymphedema
tarda may also be associated with nodal dysplasia
and lymphatic obstruction, which suggests an ac-
quired cause. To a large extent, new insights into
these poorly understood disease entities and other
edema syndromes derive from the ability to readily
image the lymphatic system. Of the various imag-
ing modalities, whole-body lymphangioscintig-
raphy continues to show the greatest promise.

Secondary Lymphedema
Although in many respects lymphangioscinti-
graphic findings in secondary lymphedema re-
semble those in primary lymphedema, there are
nonetheless notable differences (Table). As one
would expect with obstruction, lymphatic trunks
are often prominent (Figs 11, 12), in contrast to
their attenuation or absence in congenital or hy-
poplastic syndromes. Although collectors-trunks
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Figure 13. Secondary lymphedema of the left
leg in a 72-year-old man. The patient had under-
gone radical prostatectomy for prostate adenocar-
cinoma 4 years earlier. Lymphangioscintigrams
obtained 39 minutes (left) and 5 hours (right) af-
ter injection of radiotracer demonstrate very faint
dermal backflow in the left calf and thigh on the
earlier image and marked accumulation in super-
ficial skin lymphatic vessels on the later image.
These findings illustrate the importance of early
scintigrams in visualizing the deep lymphatic col-
lectors and of late scintigrams in evaluating der-
mal backflow in secondary lymphedema.

are eventually obliterated (“die-back”) owing to
lymph stagnation, intraluminal coagulum-gel
deposition, and reactive inflammation during
continued or long-standing lymphatic obstruc-
tion, some residual lymphatic truncal activity is
usually seen, particularly in the first few minutes
after intradermal radiotracer injection. Regardless
of the cause, however, secondary (like primary)
lymphedema is typically accompanied by dermal
diffusion (backflow). The latter is intense and is
typically seen early after injection in primary lym-
phatic dysplasia but is more variable in secondary
lymphedema depending on severity and chronic-
ity. Thus, it is essential not only that early scin-
tigrams (<30 minutes after radiotracer injection)
be obtained to visualize truncal activity (Figs 11,
12), but also that late scans (3–5 hours after in-
jection) be obtained to detect delayed dermal
backflow (Fig 13) before a lymphangioscintigra-
phy study can be considered complete. We have
also found that the whole-body “sweep” tech-
nique provides not only an accurate topographic
image but also a global overview of the lymphatic
system so that subtle focal dermal backflow and
retrograde lymph flow are not missed (Fig 14).
Other abnormalities such as delayed radiotracer
transport and faintly visualized regional lymph
nodes are also common after secondary lymphatic
damage. However, as indicators of lymphatic dys-
function as the underlying cause of limb swelling
(ie, lymphedema), they are characteristically also
accompanied by dermal backflow of radiotracer.
Occasionally, as in filariasis (14) or acquired im-
munodeficiency syndrome (AIDS)–related Kaposi
sarcoma (15), mild lymphedema may be accom-
panied only by ectatic lymphatic vessels and slug-
gish lymph flow. Although lymphangioscintigra-
phy is not comparable to direct lymphography in
depicting intranodal architecture, it is nonethe-
less exquisitely sensitive to even subtle lymphatic
damage and dysfunction. For example, after topi-
cal use of the vesicant cantharone for eradication
of plantar warts, acute lymphangitis may super-

vene and, on rare occasions, may culminate in
chronic focal lymphedema (16). Similarly, minor
soft-tissue trauma, bone fractures, or injection or
stripping of venous varicosities may induce both
subtle and prominent lymphatic dysfunction (Fig
15). Again, however, clinical findings should be
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Figure 14. Vulval edema in a 45-year-
old woman who had undergone radical
hysterectomy for uterine carcinoma.
(a) Clinical photograph demonstrates
marked vulval edema. (b) Lymphangio-
scintigrams obtained 26 minutes (left) and
5 hours (right) after injection of radiotracer
show intact deep lymphatic trunks with
dermal backflow in the left upper thigh
(arrow) and accumulation in the vulva.
(c) Close-up lymphangioscintigrams ob-
tained 1.3 (top) and 5 (bottom) hours af-
ter injection of radiotracer show prominent
dermal backflow in the left upper thigh and
accumulation in the vulva (arrow).

b. c.

a.
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a. b.
Figure 15. Left lower leg edema in a 51-year-old woman who had undergone liposuction
and stripping and ligation of varicose veins. (a) Clinical photograph demonstrates enlarge-
ment of the left leg. (b) Lymphangioscintigrams obtained 30 minutes (left) and 4½ hours
(right) after injection of radiotracer show lymphatic collectors on the patient’s left side but
with dermal backflow and poor clearance of the radiotracer on the later image. Radiotracer
transport and clearance in the right leg is unremarkable.

correlated with scintigraphic findings. Often, the
lymphatic changes are minor or focal and radio-
tracer clearance from the limb is prompt, so that
the clinical condition of whole-limb swelling can-
not properly be attributed solely to lymphatic
dysfunction. On the other hand, even where lym-
phatic blockage is documented, the underlying

disorder may emanate from an extralymphatic
cause (Fig 16).

Similar lymphatic patterns of secondary lymph-
edema are seen in filariasis. In studies conducted
primarily in southern India, where Wuchereria
bancrofti and Brugia malayi are endemic, a wide
range of pathologic conditions were depicted at
scintigraphy depending on the severity of the pe-
ripheral edema (14). Thus, lymphangiectasia,
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d. f.
Figure 16. Right leg lymphedema and groin mass in a 72-year-old man. (a) Clinical photograph shows marked
enlargement of the right leg. (b) Presurgical lymphangioscintigrams obtained 35 minutes (left) and 4½ hours (right)
after injection of radiotracer demonstrate prominent dermal backflow in the right leg with intact trunks superiorly,
findings that are suggestive of secondary lymphedema. (c, d) Transaxial (c) and coronal (d) T1-weighted MR im-
ages display a large cystic mass (arrowhead) communicating with the right hip joint. (e, f) Transaxial (e) and coro-
nal (f) T2-weighted MR images demonstrate findings similar to those seen at T1-weighted imaging (arrowhead) (cf
c, d). (g) Clinical photograph taken 6 weeks after excision of a large synovial cyst demonstrates resolution of overt
edema. (h) Repeat lymphangioscintigrams obtained 25 minutes (left) and 4 hours (right) after injection of radio-
tracer show only minimal residual dermal backflow in the right calf. The patient remains free of peripheral edema
2½ years later.

a. b. g. h.

c. e.
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a. b.
Figure 18. Obesity with distal lymphatic dysfunction in a 34-year-old woman. (a) Clinical
photograph demonstrates marked enlargement of the legs. (b) Lymphangioscintigrams ob-
tained 21 minutes (left) and 4½ hours (right) after injection of radiotracer show bilateral in-
tact but tortuous lymphatic trunks corresponding to rolls of fat. Slight dermal backflow is seen
in the lower left leg (arrowhead). These findings demonstrate that morbid obesity is the pri-
mary contributor to marked enlargement of the legs in this patient, with lymphedema being
a minor component.

a. b.
Figure 17. Marked peripheral edema in a 79-year-old woman who was wheelchair-bound
due to bilateral hip arthritis. The deep venous system was unremarkable at duplex Doppler
US. (a) Clinical photograph shows bilateral lower leg edema. (b) Lymphangioscintigrams
obtained 35 minutes (left) and 4½ hours (right) after injection of radiotracer show intact
lymphatic trunks without dermal backflow but with sluggish lymph transport, findings that
are consistent with functional or “disuse” lymphedema.
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a. b.
Figure 19. Obesity with no lymphatic dysfunction in a 68-year-old woman. (a) Clinical
photograph demonstrates marked enlargement of the legs. (b) Lymphangioscintigrams ob-
tained 20 minutes (left) and 4½ hours (right) after injection of radiotracer show intact lym-
phatic trunks and good clearance. Prior duplex Doppler US showed the iliofemoral-poplite-
al veins to be patent with minimal valvular incompetence. These findings indicate that mor-
bid obesity is the primary abnormality in this case.

dermal backflow, poor nodal visualization, hydro-
cele “filling,” perirenal extravasation (in chyluria),
and even chylous reflux or total absence of trans-
port are characteristic.

Confinement to a wheelchair or other seden-
tary conditions of disuse may be associated with
peripheral swelling. Lymphangioscintigraphy
demonstrates sluggish lymph flow (Fig 17) but
eventual clearance of the radiotracer, albeit
slowly and without dermal diffusion. Therefore,
it is unlikely that a structural abnormality of the
lymphatic system is a primary contributor to the
genesis of edema.

Morbid obesity is another condition worthy of
special consideration. Affected patients often pre-
sent with large, heavy legs, corpulent buttocks,
and bulky upper arms (16). On the other hand, it
cannot be determined from mere inspection alone

whether lymphatic dysfunction is causative or
contributory to limb enlargement. Typically, in
this form of obesity, the feet are small and lack a
dorsal hump, reminiscent of genetic forms of
obesity such as Prader-Willi syndrome. Unfortu-
nately, these findings are not pathognomonic; an
obese patient may have dorsal humps, whereas a
patient with lymphedema may not have notable
changes in the feet. Whole-body lymphangioscin-
tigraphy is a rapid, definitive means of depicting
the peripheral lymphatic circulation. In some in-
stances, massive obesity may be accompanied by
a component of distal lymphatic dysfunction (Fig
18). In other instances with a similar clinical ap-
pearance, no restriction to lymph flow is docu-
mented (Fig 19).
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a. b. c.
Figure 20. Progressive lymphedema in a 47-year-old man with Kaposi sarcoma and AIDS.
(a) Clinical photograph demonstrates Kaposi lesions on the extremities. (b) Lymphangioscintigram
obtained at the time the clinical photograph was taken (3 hours after injection of radiotracer) shows
minimal edema with uninterrupted lymph flow and intact lymphatic vessels but with cutaneous
“hot spots” corresponding to Kaposi lesions (cf a). (c) Lymphangioscintigram obtained 5 years
later (3½ hours after injection of radiotracer) when the patient had considerably more leg edema
with Kaposi skin lesions that had progressed to confluence shows marked dermal backflow.

Kaposi sarcoma is a proliferative “tumor” of
the microvasculature that is often associated with
AIDS. The cell of origin is likely lymphatic en-
dothelium (18,19), and lymphangioscintigraphy
in these patients not only shows the Kaposi sar-
coma skin lesions but, if continued spreading and
dermal lymphatic obliteration are present, docu-
ments progressive lymphedema (Fig 20) (15).

Other Modalities in the
Evaluation of Lymph Flow Disorders

MR Imaging
Although it is costly and therefore currently of
only limited usefulness in the evaluation of pe-
ripheral lymphedema, MR imaging has yielded
both practical and pathophysiologic information
about this condition. First, like CT, MR imaging
can demonstrate visceral conditions such as intra-
abdominal lymphoma or some other malignancy
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a. b. c.
Figure 21. Primary lymphedema of the left leg in a 42-year-old woman, who had had the disease since
childhood. (a) Clinical photograph shows enlargement of the left leg. (b) Lymphangioscintigram helps con-
firm marked lymphatic hypoplasia of the left leg. (c) Coronal MR image demonstrates marked edema of the
subcutaneous tissue in the left leg with no edema in the subfascial (skeletal muscle) compartment.

in an adult patient who presents with unilateral
limb lymphedema. Second, in large numbers of
patients with lymphedema, assessment of the
subfascial (ie, muscular) compartment of the
swollen limb demonstrates absence of skeletal
muscle edema, thereby helping confirm that
lymphedema is primarily a disorder of the skin
and subcutaneous tissue (Fig 21) (20). Indeed,
this finding explains how even a patient with
bulky elephantiasis is able to ambulate with
movement restricted only by the cumbersome
nature and heaviness of the afflicted extremity.
Most likely, the tight fascial binding surrounding
the skeletal muscles serves as an effective coun-

teracting force to offset most capillary filtration
from microvascular hydrostatic pressure. This
natural biologic barrier has its treatment counter-
part in the use of combined physiotherapy and
external compression (pneumatic devices, elastic
garments) to minimize swelling in peripheral
lymphedema (21). In fact, when severe muscle
edema occurs (eg, after reperfusion injury or ex-
tensive trauma), because of the relatively limited
capacity of the subfascial lymphatic network,
prompt fasciotomy is necessary to allow edema
fluid to escape, thereby decompressing the closed
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e. f.
Figure 22. Chylous reflux syndrome in a 42-year-old man. (a) Clinical photograph shows chylous vesicles of the
scrotum with intermittent leakage of milky lymph. The darkened area on the inner aspect of the upper left thigh (ar-
rowhead) represents an abnormal collection of small, intradermal lymphatic vessels (lymphangioma circumscripta).
(b) Lymphangioscintigram obtained 37 minutes after injection of radiotracer demonstrates intact collectors but with
dermal backflow in the upper left thigh (arrowhead) and fistulization to the scrotum (arrow). (c, d) T2-weighted
MR images demonstrate prominent perirectal lymphatic vessels (arrowhead in c) and a lymphangiomatous collection
of lymphatic vessels in the thigh corresponding to lymphangioma circumscripta (arrowhead in d) (cf a). (e, f) CT
scans of the pelvis demonstrate the technique used to percutaneously obliterate these ectatic lymphatic vessels, thereby
minimizing or preventing chylorrhea. After needle localization (e), a small amount of contrast material is injected to
confirm lymphatic puncture (f) before injection of a sclerosing solution (doxycycline). Several injections are often re-
quired to achieve cessation of chylous leakage.

a. b.

c. d.
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a. b. c.
Figure 23. Leg enlargement due to obesity in a 28-year-old woman. The swelling was initially attributed to pri-
mary lymphedema. (a) Clinical photograph shows marked enlargement of the legs. (b, c) Coronal MR images ob-
tained before (b) and after (c) fat subtraction help confirm that obesity is the primary cause of bilateral leg enlarge-
ment in this patient.

compartments and preventing permanent neuro-
logic or ischemic damage (22). Third, MR imag-
ing, sometimes in conjunction with CT, permits
visualization of deep-lying, ordinarily inaccessible
lymphatic vessels as in the retroperitoneum in
chylous reflux syndromes (20,23). Combined
transaxial and coronal imaging allows visualiza-
tion of these lymphatic vessels and provides visual
guidance for the injection of sclerosing agents for
the obliteration of external lymph leakage (eg,
skin, vagina) or bulky lymphangiomas (Fig 22)
(23). Fourth, in conjunction with fat subtraction,
MR imaging may help clarify that limb enlarge-
ment represents fat deposition rather than fluid
accumulation (edema) (Fig 23). Fifth, although
not as yet of practical value, imaging with super-
paramagnetic agents such as iron oxide shows
promise in highlighting the lymphatic system and
especially its nodal architecture by reducing sig-
nal intensity (24,25). Similar applications have
been proposed for brominated fluorohydrocarbon
compounds in conjunction with CT to help visu-
alize regional lymph nodes (26,27).

Ultrasonography
Although the use of US in most patients with pe-
ripheral lymphedema is limited to corroboration
of excess dermal subcutaneous fluid accumula-
tion, recent findings substantiate the unique role
of this modality in the evaluation of filariasis in
endemic areas. With use of a standard transducer,
Amaral et al (28) were able to detect indwelling
motile adult nematodes in the groins of patients
in Recife, Brazil, an endemic area for W bancrofti.
With real-time duplex Doppler US, these investi-
gators corroborated the almost nonstop twisting
motion of these adult worms in dilated lymphatic
vessels, a phenomenon that was first documented
with direct videomicroscopy in ferrets with B
malayi (29). This work has recently been cor-
roborated in Madras, India, where US is being
used to screen for W bancrofti infection and to
follow up the efficacy of macrofilaricidal agents
such as diethylcarbamate (30).
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Fluorescein
Microlymphangiography
Intradermal injection of fluorescein isothiocyanate
dextran allows visualization of the superficial pe-
ripheral microvasculature, including the contrac-
tility, permeability, and diffusion characteristics
of local blood and lymph capillaries (31,32). Di-
ameters of lymph capillaries can be determined
from sequential video-recorded images of the in-
jected field. Findings thus far indicate that pa-
tients who have had lymphedema since childhood
have aplasia of lymphatic microvessels, whereas
those in whom lymphedema first appears during
puberty (lymphedema precox) have intact lym-
phatic capillaries (initial lymphatic vessels) in
conjunction with hypoplastic lymph trunks more
proximally (32).

Discussion
A major stumbling block in understanding, evalu-
ating, and treating peripheral lymphedema has
been the difficulty of visualizing lymphatic vessels
in living patients. Although conventional oil-con-
trast lymphography has been the mainstay for de-
picting lymphatic vessels for more than 40 years,
its notable shortcomings and the emergence of
CT and MR imaging have severely curtailed its
use. However, improvements and refinements in
isotope lymphography now make it possible to
obtain vivid continuous images of peripheral lym-
phatic vessels and provide insight into lymph
flow dynamics. Moreover, the procedure is essen-
tially noninvasive, easily repeatable, and harmless
to the lymphatic vascular endothelium. Besides
having the obvious advantage of providing posi-
tive evidence of lymph disorders, lymphangio-
scintigraphy also helps establish that lymphatic
truncal anatomy and radiotracer transport are
largely intact in patients who appear to have
lymphedema but do not (eg, patients in whom
enlargement is due to obesity [“lipedema”]).

Although it is costly, MR imaging also shows
promise for evaluation of the lymphatic system.
T2-weighted imaging, particularly with fat sub-
traction, depicts pathologic dermal lymphatic
vessels without added contrast material as well
as more proximal lymph nodes and obstructing
masses. With this modality, the subfascial com-

partment in peripheral lymphedema (both con-
genital and acquired) has been shown to be in-
tact, and lymphedema is confirmed to be primar-
ily a disorder of the skin and subcutaneous tissue
(epifascial compartment). Moreover, MR imaging
readily permits visualization of retroperitoneal ec-
tatic lymphatic trunks (eg, in chylous reflux syn-
dromes) and allows access for lymphatic truncal
obliteration in the management of lymphangi-
ectasia or lymphangioma syndromes character-
ized by lymph fistulization, often in connection
with intestinal (lacteal) lymph retrograde flow
(chylous reflux).

Although it is of limited value in lymphedema
patients, US has proved useful in evaluating fi-
lariasis in endemic areas and shows potential in
screening asymptomatic individuals for filaria
and monitoring the viability of the adult worms
during treatment. Adult nematodes can readily
been seen thrashing and undulating vigorously
within peripheral lymphatic vessels, which pro-
vides new insights into the local prevalence of fi-
lariasis (even in the absence of peripheral edema
or microfilaremia) and the pathomechanism of fi-
larial lymphedema (physical destruction of in-
traluminal valves and impaired lymphatic con-
tractility from live worms and lymphatic throm-
bosis after host immune response to dying or dead
worms).

Conclusions
Peripheral lymphatic vessels can now be visual-
ized as easily as arteries and veins have been for
several decades. Because lymphangioscintigraphy
can readily be performed both before and after
treatment, it should become a requisite compo-
nent of initial and, in some instances, follow-up
evaluation of patients with lymphedema, thereby
supplementing patient history and physical ex-
amination findings. Lymphangioscintigraphy can
also be used to evaluate the efficacy of drugs, sur-
gery, and physical methods designed to facilitate
lymph flow or reduce lymph formation. Indeed,
all patients in whom a provisional diagnosis of
peripheral lymphatic dysfunction or idiopathic
edema has been made should undergo diagnostic
lymphangioscintigraphy and, in some cases, MR
imaging to verify the accuracy of the diagnosis,
pinpoint the specific abnormality, and provide a
blueprint for subsequent therapy.
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