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Lymphatic vesselswere discovered in the 17th century through
autopsy and animal vivisection.1 In 1955, Kinmonth et al
published the initial description of the pedal lymphangiogra-
phy technique to successfully visualize lower extremity lym-
phatic vessels. His technique involved carefully dissecting the
dorsumof the foot, directly cannulating a lymphatic vessel, and
slowly injecting contrast media with concomitant radio-
graphs.2 Over the next 25 years, pedal lymphangiography
would routinely be performed as a diagnostic modality in
patients with lymphedema, lymphoma, or other primary ma-
lignancies to stage malignancies, evaluate chemotherapeutic
responses, differentiate inflammatory fromneoplastic process-
es, andmanyother indications.3 The potential of lymphangiog-
raphy, in addition to its limitations andpotential complications,

was extensively studied, as experience with this modality
becamewidespread.4However, by the 1980s and 1990s, major
improvements in noninvasive imaging modalities including
ultrasound (US), computed tomography (CT), and magnetic
resonance imaging (MRI) supplanted traditional diagnostic
lymphangiography. Over time, the intricateknowledge of pedal
lymphangiography was deemphasized as lymphangiograms
were performed less frequently. This led to awaning emphasis
on lymphatics, as interventional radiologists lost the necessary
experience and skill in performing and interpreting these
studies.

In 1999, Constantin Cope renewed interest in pedal lymph-
angiography and the lymphatic circulation as a whole by
pioneering a new interventional frontier with a prospective
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Abstract Lymphangiography as a diagnostic procedure dates back to the 1950s and was widely
performed for several decades until being supplanted by other advanced imaging
techniques. With the advent of thoracic duct embolization to treat chylothorax,
Constantin Cope ushered in a transition from lymphangiography as a diagnostic
procedure to a precursor for lymphatic intervention. Subsequently, technical mod-
ifications and applications of lymphatic embolization to other medical conditions have
greatly expanded the scope and application of lymphangiography and lymphatic
intervention. Although there is increasing familiarity with lymphatic interventions,
few interventionalists have performed a high enough volume to be aware of potential
complications and their management. Potential complications of lymphangiography
and those encountered while performing lymphatic interventions are discussed along
with approaches to minimize their risk and management strategies should they occur.
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trial of thoracic duct embolization for chylothorax.5 He
reported that thoracicductembolizationachievedanastound-
ing clinical success rate exceeding 70% in a retrospective
analysis of 42patientswith chylothorax.6Dr.Max Itkin further
expanded on these initial studies by reporting on 109 patients
with traumatic chylothorax, achieving similarly promising
results.7

Despite the favorable results of lymphangiography and
thoracic duct embolization for chylothorax, widespread adop-
tion was slowed down by the sporadic need and several
technical challenges. Pedal lymphangiography involvedexten-
sive training todevelop competence, lengthyprocedural times.
Pedal lymphangiography faced difficulty in finding appropri-
ate infusion pumps for the slow administration of ethiodized
oil. The need for pedal lymphangiography was obviated with
the onset of intranodal lymphangiography, described initially
in children in 2011, and then in adults in 2012. Infusionpumps
became unnecessary, procedural lengths became shorter, and
technical challenges became simpler—intranodal lymphangi-
ography could be performed with routinely available equip-
ment.8,9 In the ensuing years, many studies have further
reinforced the acceptance of lymphangiography and thoracic
duct embolization for chylothorax, including large series from
multiple institutions, American College of Radiology Appro-
priateness Criteria for Chylothorax Treatment Planning, and a
recentmeta-analysisofover400patientswithapooledclinical
success rate exceeding 80%.10–13 The scope of lymphatic
intervention has now expanded to successful treatment of
chylous ascites, pediatric chylothorax, plastic bronchitis, pro-
tein losing enteropathy, lymphoceles, and thoracic duct stent-
graft placement.14–18

With more lymphatic procedures being performed across
more centers, it is important to revisit the known and possible
complications of lymphangiography, lymphatic access, and
lymphatic embolization. Management of these complications
and strategies to minimize their risk will both be emphasized.

Complications of Lymphangiography

By the 1960s, lymphangiography was more widely per-
formed. Initial reports of adult and pediatric lymphangiog-
raphy included such complications as impaired wound
healing, blue dye hypersensitivity reactions, inadvertent
venous administration of ethiodized oil, and varied pulmo-
nary complications.2,19 A survey of 83 physicians comprising
32,000 lymphangiogramswas reported by Koehler, revealing
104 pulmonary complications (not including pulmonary oil
embolization), 97 hypersensitivity reactions (both to blue
dye and ethiodized oil), 18 deaths, 9 cerebral disorders, and 6
hypotensive crises.4 Complications occurred between hours
and up to 21 days postprocedure. Unfortunately, the ethio-
dized oil dose was not reported and no clinical data were
available for the fatalities. Similar results were noted in a
review of 7,641 lymphangiograms, compiling 66 complica-
tions.20 Pulmonary complications were present in 31
patients, 17 patients had complications related to the dorsal
foot incision, 7 had hypersensitivity to the blue dye, and 11
patients had other complications including a fatality.

As nodal lymphangiography has supplanted pedal lymph-
angiography, wound infections of dorsal foot incisions and
hypersensitivity due to blue dye are no longer encountered.
The most commonly encountered complication includes
extravasation, which can be readily managed. Should extrava-
sation of ethiodized oil occur during pedal or nodal lymphan-
giography, the access needle should be repositionedwithin the
vessel. The extravasation can be treatedwith local wound care
andmanagedexpectantly shouldanysymptomsarise (►Figs. 1

and 2). Only rarely will extravasation in the dorsum of the foot
or groin result in a major complication. While fever, nausea,

Fig. 1 A 54-year-old man with chylothorax had a radiograph of the
right foot taken during attempted pedal lymphangiography. Contrast
extravasation (white arrow) is seen along the dorsolateral aspect of
foot. This was asymptomatic and did not require additional care.
Access was obtained in the left foot.
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vomiting, and transient painhavehistoricallybeennoted, these
side effects were successfully managed symptomatically.21

Potential major complications include a spectrum of pulmo-
nary complications as well as cerebral and visceral oil emboli-
zation injuries, which will each be discussed separately.

Pulmonarycomplicationsstemfromtheflowof the thoracic
duct. The thoracic duct most commonly empties into the left
venous angle, ultimatelyallowing lymphatically injectedethio-
dized oil to reach the pulmonary circulation through the
venous system, causing pulmonary oil embolism (►Fig. 3).22

Bron et al expanded on the incidence of pulmonary oil embo-
lism in lymphangiography while limiting ethiodized oil to
20-mL injections. A majority, 55% of patients, developed oil
pulmonary embolism.23 Patients with radiologic evidence of
lymphatic obstruction were at higher risk (81%) of suffering

fromoil embolism in comparison to patientswithout lymphat-
ic obstruction (31%) and were the only patients to develop
severe symptoms.23 However, a spectrum of more serious
respiratory complications included pulmonary infarction
(0.25%), lipid pneumonia (0.04%), pulmonary edema (0.03%),
and hemoptysis (0.03%).4 Uncommonly, Löffler’s syndrome
and acute respiratory distress syndrome have also been
reported.24,25 These rarer pulmonary complications are attrib-
uted to an inflammatory response to ethiodized oil when it
accumulates in the small pulmonary vasculature at a rate
exceeding the lungs capacity to metabolize it.21–25 Supportive
care with supplementary oxygen, steroids, and antibiotics
resolves most symptoms within 2 weeks.

Cerebral oil embolization usually presents with seizure,
confusion, lethargy, or other mental status change within
minutes to hours after completion of lymphangiography.26–31

Notably, the migration of ethiodized oil to the cerebral circula-
tion has not been documented radiographically during lymph-
angiography, but rather noted only on CT or MRI studies
performedafter clinical symptomsbecameapparent. Proposed
mechanisms include right-to-left shunts (though many
patients have had patent foramen ovale and pulmonary arte-
riovenous shunts excluded after the fact), loss of the filtering
capability of the pulmonary capillaries due to overload of
ethiodized oil, and lymphovenous shunts to the pulmonary
veins.26–31 Cerebral oil embolization has similarly been docu-
mentedwith transarterial chemoembolization and hysterosal-
pingography using ethiodized oil.32–35 Ethiodized oil may lead
to neurotoxicity due to vascular occlusion, blood–brain barrier
disruption, or direct toxicity. Supportive care in a stroke
intensive care unit is recommended to maximize the chance
of recovery.Mixedoutcomes havebeennoted,with elderly and
cancer patients having worse outcomes.

Several case reportsof visceral oil embolization, particularly
in the liver and kidney, are present in the literature.26–28,36–40

In one report of 17,000 lymphangiograms, hepatic oil emboli-
zation occurred in 36 patients (0.19%), while in another review
of greater than 5,000 lymphangiograms, it occurred in (0.24%)
of cases.36,37,40 The hepatic parenchymal oil was primarily
distributed through theportal tree.Most patientswere asymp-
tomatic only with transient laboratory changes (►Fig. 4).
Generally, the potential for hepatic oil embolization occurs in
the setting of retroperitoneal lymphatic obstruction; it has not
been observed in the setting of normal lymphangiography.
Likewise, renaloil embolization is rarely reportedandgenerally
occurred in patients with lymphoma who had mediastinal
masses.26–28 Although the pathogenesis is not completely
known, theories suggest theremaybeperitumoralmicroscopic
arteriovenousfistulaswhichmay have associationswith supe-
rior vena caval obstruction. Supportive care was provided and
the outcome in each case was dependent on the underlying
malignancy rather than the presence of visceral oil
embolization.

There are several considerations to decrease complication
rates during lymphangiography. Ensuring that injected
ethiodized oil is flowing in the lymphatic system, rather
than extravasating into the soft tissues or inadvertently
flowing into the venous system, is paramount; this should

Fig. 2 A 62-year-old man with traumatic chylothorax following
esophagectomy. Spot radiograph of the pelvis after bilateral intra-
nodal lymphangiography. Contrast extravasation (black arrow) is seen
in the left inguinal region. This was asymptomatic and did not require
additional care.

Fig. 3 A73-year-oldman status-postpartial left nephrectomycomplicated
by chylous ascites who underwent lymphangiography and embolization of
the leaking left retroperitoneal branch. One day after embolization, the
patient developed shortness of breath; a chest CT (axial image) reveals
bilaterally collapsed lungs with bright pulmonary oil emboli in the lung
bases as well as bilateral large volume pleural effusions.
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be monitored with intermittent spot radiographs or fluoros-
copy (►Fig. 5) Additionally, minimizing the amount of
ethiodized oil necessary to perform a technically successful
procedure will avoid many of the complications. A review of
522 lymphangiograms was stratified by volume of adminis-
tered ethiodized oil, showing that patients who received less
than 18mL of ethiodized oil had a 13% risk of complication—
between 18 and 20mL a 24% risk, andmore than 20mL a 48%
risk.21 Lymphatic embolization can frequently be successful-
ly performed with 15mL of ethiodized oil or less. Moreover,
the risk-to-benefit ratio of lymphangiography should be
considered, especially in patients with known pulmonary
diseases, right-to-left shunts, caval occlusions, bulky lym-
phatic masses, congenital lymphedema, or those undergoing

active radiation treatment. Postprocedure monitoring will
identify major complications, which can be managed expec-
tantly and will usually require supportive care to resolution.

Central Lymphatic Access Complications

Central lymphatic access can be performed from either an
anterograde percutaneous transabdominal approach or from
one of two retrograde approaches. From the perspective of
contemporary lymphatic intervention, the percutaneous
transabdominal approach has been most commonly used,
dating to its initial description by Cope in 1998.41 In the last
decade, case reports and case series have described retro-
grade transvenous and transcervical access to the central

Fig. 5 A 71-year-old woman with nontraumatic chylothorax undergoing intranodal lymphangiography (black arrow) had spontaneous
lymphovenous channels. The bilateral femoral veins filled with ethiodized oil (black arrowheads). Bilateral retrograde femoral venous access was
gained and the ethiodized oil was aspirated with multisidehole catheters.

Fig. 4 A 41-year-old man status-post retroperitoneal lymphadenectomy with persistent chylous ascites. (a) Multiple surgical clips overlying the
spinal column. Intranodal lymphangiography reveals amorphous leakage of contrast material bilaterally (black arrowheads) at L4 and L5 levels,
which is different in shape from lymph nodes (black arrow). No cephalad progression through the retroperitoneal lymphatics was present. (b)
Spot radiographs of the abdomen taken after no cephalad progression of ethiodized oil was noted. White arrows reveal areas of intrahepatic oil,
in a branching pattern. (c) Computed tomography of the abdomen after the spot radiographs revealed intrahepatic oil. A portal venous
distribution of ethiodized oil is present (black arrow). No change in liver function tests was present and the patient remained asymptomatic.
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lymphatics.17,42–44 Each approach has unique advantages
and risks, which will be further discussed.

Percutaneous transabdominal puncture is performed after
lymphangiographyopacifieseither thecisternachylioranother
targetable retroperitoneal lymphatic vessel overlying theupper
lumbaror lower thoracicvertebral bodies.Typically, a21-or22-
gauge Chiba needle is used to directly puncture the skin to the
target, aiming slightly right of midline to carefully avoid the
colon.Oftenmultiplepassesare requiredtosuccessfullyachieve
entry into the lymphatic channel, which is then probed with a
centrally advanced microwire before the needle is exchanged
for a microcatheter. A study cataloging which structures are
transgressedwith thispuncture found that themost commonly
penetrated structures, in descending order, were the liver,
diaphragmatic crus, pancreas, portal vein or its branches,
duodenum, inferior vena cava, colon, left renal vein, and other
structures.45 A review of the largest series of retrospective
thoracic duct embolization analysis reported a single perihe-
patic hemorrhage and a single periaortic hematoma, with
neither requiring treatment.6,7,10,11,13 Solitary cases of bile
peritonitis and pancreatitis have also been noted (►Fig. 6).45

Several authorshavereported thatshearedguidewires couldbe
shearedintheretroperitoneumandwereasymptomatic.10,11,46

While intra-abdominal structures are unquestionably tra-
versed with small-gauge needles and microcatheters, it
remains well tolerated and often clinically inconsequential.
However, if hemodynamic instability or abdominal pain per-
sists or worsens in the days postprocedure, or unexplained
laboratoryabnormalities develop, there shouldbea low thresh-
old for abdominal CT imaging.

The percutaneous, transabdominal approach is particu-
larly useful for traumatic and iatrogenic lymphatic injuries.
Lymphangiography visualizes the lymphatics along the axial

skeleton from the groin to the neck, is diagnostic for leaks,
and has a therapeutic benefit. Prudent precautions should
therefore be applied to minimize complication risks. Given
that multiple transabdominal punctures through various
structures may be required to achieve successful lymphatic
access, coagulopathy should be corrected, and antiplatelet
medications should be held if possible.

In contrast to transabdominal approach which provides
anterograde, ascending access through the central lymphatics,
transvenous and transcervical access establish a retrograde,
descending access. Transvenous access is most commonly
established through a left upper arm approach using a 5-Fr
reverse curve catheter in the left subclavian vein to cross the
terminal valves of the thoracic duct. Transcervical access is
usually established with a 22-gauge needle. Access is per-
formed under fluoroscopic guidance, ultrasonographic guid-
ance, or both to directly puncture the cervical portion of the
thoracic duct, pass a microwire, and navigate toward the
cisterna chyli. Both retrograde approaches have been used to
successfully study the central lymphatics and treat various
lymphatic disorders, albeit in case reports and small case
series.17,42–44Given the limited experience and bias of positive
reporting, it remains difficult to draw conclusions regarding
efficacy and complications for transvenous and transcervical
accesses.

Advantages of the retrograde approaches include the po-
tential to forego lymphangiography and achieve faster access
to the central lymphatics. Additionally, retrograde access
avoids transabdominal puncture in coagulopathic patients,
may be easier in patients with larger abdomens, and is an
opportunity for central lymphatic access when a retroperito-
neal target is not visualized by lymphangiography. Retrograde
approaches can be performed as an adjunct to lymphangiog-
raphy or transabdominal access; are useful in nontraumatic
lymphatic disorders; and allow for sheath placement to facili-
tate lymphatic drainage, balloon placement, or stenting. Chal-
lenges to retrograde access include a thick and short neck, a
tortuous or plexiform termination of the thoracic duct, and
potential anatomic anomalies through the course of the tho-
racic duct or at its termination. Moreover, navigating across a
transected thoracic duct in the setting of a traumatic chylo-
thorax or controlling the embolization, particularly when
using glue, may be difficult (►Fig. 7).

Lymphatic Embolization Complications

In the past 20 years, the variety of emboli agents available has
continued to increase, as has the frequency and territories in
which embolization is performed. Most embolizations are
arterial or venous, where there is widespread familiarity and
knowledge of complications with the various coils, plugs,
particles, and liquid agents. Moreover, many embolics were
designed to be employed in blood, where platelets, fibrin,
and the coagulation cascade are present in abundance and
facilitate occlusion. In contrast, lymphatic embolizations are
rarely performed at most medical centers. In addition, the
lymphatic vessel flow dynamics are much slower than those
of arteries or veins, and embolics behave differently in

Fig. 6 A 61-year-old woman with plastic bronchitis who underwent
thoracic duct embolization via transabdominal antegrade access of
the cisterna chyli. Postprocedurally, the patient developed severe
abdominal pain, elevated amylase (219 U/L), and lipase (111 U/L).
Abdominal computed tomography (coronal image) shows peri-
pancreatic stranding, consistent with acute pancreatitis.
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lymph. For instance, coils occlude less effectively in lymph
due to the paucity of coagulation factors.

In the initial prospective trial of thoracic duct embolization,
fibered platinum microcoils alone were used to achieve suc-

cess.5 In subsequent publications and in current practice,
mechanical occlusion with coils was combined with a liquid
agent, most commonly n-butyl-2-cyanoacrylate (nBCA; Tru-
fill; Codman and Shurtleff, Raynham, MA).6,7,10,11,13 Abdomi-
nal and pelvic lymphatic leaks are often embolized using nBCA
alone through either direct access or a transnodal route.14,18

Fig. 7 A 45-year-old woman with idiopathic chylothorax. (a) Following retrograde transvenous embolization of the thoracic duct with coils
(white arrowhead) and glue, the glue migrated beyond the coil pack as the catheter was withdrawn, extending into the subclavian vein (white
arrow). Black arrow—cisterna chyli. (b) The patient developed dyspnea 3 days postprocedure, and computed tomography of the chest was
performed revealing multifocal glue segmental and subsegmental pulmonary emboli (white arrow).

Fig. 8 A 54-year-old woman with chylothorax underwent successful
embolization of the thoracic duct. Oblique abdominal radiograph reveals a
glue tract from the retroperitoneal lymphatics into the surrounding tissue
(black arrow). This likely occurred from overembolization with glue and
insufficient negative suction on the microcatheter as it was withdrawn.

Fig. 9 A 62-year-old woman with chylous ascites. While undergoing
glue embolization, a left renal vein had been inadvertently accessed
(near white arrowhead) and a glue cast extended into the inferior vena
cava (black arrows). Extravasation of contrast along the spine (white
arrow) occurred while attempting needle access into the lymphatics.
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While the use of the liquid emboli agents further
diversifies potential embolization approaches and treat-
able conditions, experience is necessary to minimize com-
plications. Uncommonly, asymptomatic and symptomatic
pulmonary glue emboli have been described during lym-
phatic embolization, usually occurring when few or no
coils were used. Proper priming of the system with 5%
dextrose is necessary (usually< 1mL) as is the appropriate
dilution of the glue to ethiodized oil (1:1) for short-
segment embolizations or more dilute for long-segment
embolizations. Finally, the path of access must be consid-

ered; embolization approaching the access point is recom-
mended with care to prevent overembolization (►Fig. 8).
Care should also be taken when withdrawing the catheter
as glue can potentially enter any structure that was tra-
versed (►Fig. 9).

Nontarget embolization with glue is most often asymp-
tomatic and well tolerated, generally requiring no therapy.
Should pulmonary glue emboli be symptomatic, the patient
should beheparinized and snare retrieval of glue casts can be
attempted (►Fig. 10). If necessary, pulmonary glue embolec-
tomy can be considered.

Fig. 10 A 61-year-old man with chylothorax underwent successful thoracic duct embolization. The patient had persistent dyspnea, and axial (a)
and coronal (b) computed tomographic imaging revealed a glue embolus (black arrow) in the lower left lobe. (c) Successful snare (black
arrowhead) retrieval of a left lower lobe glue embolus (black arrow) was performed.
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Conclusion

Lymphangiography and lymphatic interventions have a re-
spectably high safety profile. To reduce risk to patients, it is
important to avoid conventional lymphangiography in
patients with contraindications, use the minimal necessary
volume of ethiodized oil, correct patient coagulopathy, and
perform informed technique during glue embolization.
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