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Abstract

Purpose of Review The incidence of lymphatic leakage (iatrogenic and non-iatrogenic) is growing in cancer population due
to the increased complexity of the surgical procedures and improved overall survival in cancer patients. The purpose of this
article is to review the contemporary approach in the field of percutaneous lymphatic embolization in cancer patients with
lymphatic leaks.

Recent Findings Since the advent of intranodal lymphangiography in 2011 alongside with the MR and CT lymphangiogra-
phy, the accuracy of diagnosis of the lymphatic diseases has significantly improved significantly. These advancements have
triggered a revival of minimally invasive lymphatic interventions.

Summary Lymphatic embolization is expanding from the classic indication, thoracic duct embolization, to other lymphatic
disorders (chylous ascites, lymphoceles, liver lymphorrhea, protein-losing enteropathy). The growth of lymphatic research
and the standardization of the lymphatic interventions require a multidisciplinary and collaborative approach between physi-

cians and researchers.

Keywords Lymphangiogram - Intranodal lymphangiography - Embolization - Lymphatic embolization - Chyle leak -
Cancer patients - Interventional Radiology - Chylothorax - Chylous ascites - Lymphocele - MR lymphangiography

Introduction

Lymphatic-related complications (e.g., chylothorax, chylous
ascites, and lymphoceles) are increasing in cancer patients
due to the longer survival, furthering surgical complexity,
and non-iatrogenic cancer complications. Understanding
the anatomy and pathophysiology of the lymphatic system
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is crucial in diagnosing and treating these patients. In the
last two decades, the refinement of the lymphatic imaging
(e.g., CT and MR lymphangiography) and the development
of intranodal lymphangiography (IL) and lymphatic embo-
lization have revolutionized the diagnosis and treatment of
oncologic patients with lymphatic leakage. The aim of this
review is to illustrate the anatomy, pathophysiology, and
imaging of the lymphatic system with a focus on pathologi-
cal states in cancer patients and percutaneous management.

General
Anatomy of the Lymphatic System

The lymphatic system has a key role in body homeostasis, fat
transportation from the intestine to the blood, and in immu-
nity. Lymph is constituted by white blood cells, proteins, and
fat (e.g., chylomicrons and triglycerides) which come from
the plasma and flow to the interstitial tissue entering the
lymphatic capillaries, vessels, lymph nodes, and lymphatic
trunks. The anatomy of the lymphatic system closely follows
the vascular system [1ee]. The lymphatic system is absent in
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the central nervous system and bone marrow. Lymph flows
from the lymphatic vessels in the lower extremities to via a
complex and variable network of channels and nodes from
the inguinal region along the iliac vessels to the retroperito-
neum where it drains into the right and left lumbar trunks.
These trunks connect with the cisterna chyli (CC), located
at L1-L2 vertebral level in the right retrocrural space, which
can measure up to 2 cm in diameter. The thoracic duct (TD)
is the continuation of the CC and courses cranially between
the azygos vein and aorta to the level of the T5-T7 ver-
tebrae, where it crosses to the left chest and drains at the
junction of the left jugular-subclavian junction (Fig. 1) [1ee].
The liver and intestine are the main contributors of lymph
via hepatic and intestinal trunks, which also drain into the
CC [2]. The right lymphatic duct and TD are the two main

Fig. 1 Anatomy of the thoracic
duct and cisterna chyli
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lymphatic pathways in the body. The right lymphatic duct
drains the right upper extremity, right thorax, and the right
head and neck, whereas the TD drains the rest of the body
[3]. Anatomic variations are very common (40-60%) [4].
The antegrade flow of the lymphatic fluid is due to muscle
contractions and respiratory phasicity along with the pres-
ence of one-way valves to prevent reflux of the lymphatic
fluid [1ee].

Etiology and Pathophysiology of Chyle Leak

There are two general causes of chyle leak in cancer patients
(Table 1): (1) non-iatrogenic causes arise from increases in
lymphatic pressure, which can be due to malignant infil-
tration and obstruction of the lymphatic system, portal
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Table 1 Etiology of chylous leaks

Iatrogenic Non-iatrogenic
Traumatic Non-traumatic
CA (CA) o Post-operative: o Radiation therapy: e Malignancy: 25%
o Abdominal surgery: 1.1% e Lymphoma: 35%
e Retroperitoneal, gastric, e Abdominal/pelvic radiation: 3% e Stomach, pancreas, esophagus, endometrial: 40%
esophageal, or cytoreductive e Carcinoid and Kaposi: 20%
surgeries: 7% o Leukemia
e Portal hypertension: 16%
e Prehepatic (portal vein thrombosis)
e Hepatic (cirrhosis)
o Posthepatic (hepatic vein occlusion and cardiac
infiltrative disease)
Chylothorax e Post-operative: o Radiation therapy: e Malignancy:
o Lung cancer surgery 2.2% o Lymphoma/leukemia
e Esophageal cancer surgery 4.3% e Mediastinal radiation e Esophagus
o Carcinoid and Kaposi
o Mediastinal biopsy o Superior vena cava or Subclavian vein thrombosis
e Mediastinal and cardiac surgery
® Thyroidectomy ® Migration of CA through diaphragmatic fenestrations
o Neck dissection
o Thymectomy
Lymphocele e Post-operative:

e Pelvic lymphadenectomy

hypertension, or elevated central venous pressure which
leads to increased lymph production [1ee] and (2) iatro-
genic causes are due to thoracic or abdomino-pelvic surgery.
This is the most common cause of lymphatic leakage [5, 6].
Determining the etiology of the chyle leak is crucial to its
subsequent management.

Clinical Manifestation and Laboratory Findings
of Chyle Leak

Lymphatic leakage can cause serious metabolic derange-
ments due to the depletion of proteins, fats, immunoglob-
ulins, water, vitamins, and electrolytes which can lead to
dehydration, electrolyte imbalance, malnourishment, and
infection [1ee]. However, these usually arise after a signifi-
cant amount of chyle has been lost.

There are several major manifestations of chylous leak.
Chylothorax (CX) is the accumulation of lymphatic fluid in
the thoracic cavity and can present with shortness of breath,
chest pain, and fever[4]. Chylous ascites (CA) is the accu-
mulation of lymphatic fluid in the peritoneal cavity and can
be associated with abdominal distension, anorexia, diar-
rhea, nausea, weight gain, fever, and enlarged lymph nodes
[1ee]. A lymphocele is a contained lymphatic leak, typically
located in the pelvis or retroperitoneum, and can cause pain,
infection, lower limb edema, venous thrombosis, and even

compress pelvic organs [7]. Drainage of the fluid accumu-
lating in the pleura, peritoneum, or lymphocele is the first
step in managing these patients. Although chyle is milky
in appearance, due to the presence of chylomicrons, not all
milky turbid fluids are chyle and it should be differentiated
from pseudochylothorax and pseudo-chylous ascites. Chy-
lous fluid is characterized by elevated triglyceride levels usu-
ally greater than 100-150 mg/dL [4, 8]. Cholesterol in CX
is usually less than 200 mg/dL, while in pseudochylothorax,
this level is typically above 200 mg/dL [4]. Similarly, CA
should be differentiated from pseudoCA, which is second-
ary to infection or malignancy without high triglycerides
levels [1ee]. Pleural and peritoneal fluid should be sent for
cell count, microbiological evaluation, glucose, total protein,
lactate dehydrogenase, triglyceride, and cholesterol level [6].
In CA, the serum to ascites albumin gradient is a good test
to rule out ascites secondary to portal hypertension. Chylous
fluid should also be differentiated from purulent fluid (e.g.,
empyema) which may also have a milky white appearance.
Chylous fluid can lack a classic milky white appearance if
the patient is fasting, in a post-operative state, or in patients
with pelvic or low retroperitoneal leakage in which the fat
content of the lymphatic fluid is low, below the return of
triglyceride-rich chyle from the bowel.[4]. Other laboratory
findings to support chylous leak include cell count above 500
with lymphocytic predominance, total protein between 2.5
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and 7.0 g/dL, SAAG below 1.1 g/dL, and lactate dehydro-
genase between 110 and 200 IU/L. Microbiological cultures
can be positive in cases of secondary infection. Additionally,
cytology may be positive due to superimposed malignancy.
Amylase elevation can be seen in cases associated with pan-
creatic surgery and in these cases, glucose may be below
100 mg/dL [6]. If the diagnosis of lymphatic leakage has not
been established or is confounded, chylomicron determina-
tion is gold standard for diagnosis (83% sensitivity and 100%
specificity) [4].

Imaging in Chyle Leak: CT, Lymphoscintigraphy,
and MRI

Determining the location and etiology of the chyle leak is
the first step in the treatment. Imaging studies including
computed tomography (CT), magnetic resonance imaging
(MRI), radionuclide lymphoscintigraphy (LS), and pedal
or intranodal lymphangiography are the most commonly
used studies [4]. MRI and CT can diagnose masses and/or
enlarged lymph nodes that might be obstructing the lym-
phatic pathway, as well as detecting the site of the lymphatic
injury in post-operative cases [1ee].

T

Both chyle and water can have similar density on CT, but
chyle can be differentiated from acute hemorrhage in post-
operative cases [6]. The presence of a fat-fluid level is diag-
nostic of chyle leak [9]. CT can also show the site and extent
of the chyle leak in post-operative cases, especially when
there is a suspicion of TD injury [1ee]. CT can be performed
after direct opacification of the TD with oral fat emulsion
[6] or with a water-soluble iodinated contrast medium[10].
Patel et al. highlighted the feasibility of intranodal CT lym-
phangiography (ICTL) in the diagnosis and planning of
subsequent intervention in patients with thoracic lymphatic
disorders and represent a good alternative to dynamic con-
trast-enhanced MR lymphangiography (DCMRL).

Lymphoscintigraphy

LS has a functional and anatomical value in chyle leak
workup as it can diagnose abnormal lymphatic drainage in
patients with suspected chyle leak with an overall sensitiv-
ity of 88% [1ee]. One of its key advantages is that it can
be repeated without side effects, although poor spatial and
temporal resolution, lack of standardization, and exposure
to ionizing radiation remain a drawback in using this modal-
ity [6]. SPECT/CT is a very helpful addition to LS as it
provides better anatomic localization of the chyle leak and
aids in treatment planning, whether surgical or percutaneous
interventions are performed [1ee].
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MRI

MR lymphangiography and DCMRL with intranodal injec-
tion of gadolinium-based contrast have advantages over
traditional lymphangiography. The lower viscosity of gado-
linium makes it move faster through the lymphatic vessels
and opacifies the lymphatic system faster than the higher vis-
cosity ethiodized oil [11ee]. MRI also provides better image
quality than fluoroscopy, giving more precise localization
of the lymphatic system and better delineation of the leak/
obstruction site that is key to planning therapeutic interven-
tion (Fig. 2). [1ee] Gurevich et al. found that DCMRL can
reveal the abnormal retroperitoneal lymphatic pathways that
extend to the mediastinum and cause CX as opposed to those
patients with CX coming from TD only. Identification of this
defective retroperitoneal pathway avoids unneeded interrup-
tion of the TD flow via ligation and/or embolization [11ee].

Percutaneous Lymphangiography

Percutaneous lymphangiography remains the gold standard
in the detection and treatment of chyle leaks. It can detect
lymphatic obstruction, leakage, lymphatic-venous fistula,
abnormal retroperitoneal lymph nodes, and patency of the
TD. However, there is a risk of complications including
fat embolism, transient lymphedema, CA and/or CX, and
contrast reaction [6]. Intranodal lymphangiography (IL)
is performed by ultrasound-guided access to groin lymph
nodes using a 25-gauge needle where the tip is placed at the
corticomedullary junction and ethiodized oil is injected and
monitored moving through the lymphatic system on fluoros-
copy. The rate of lymphatic leak detection varies depending
on the clinical setting, typically lower in CA than CX cases
[12]. If hepatic lymphorrhea is suspected after hepatic or
gastric surgery, percutaneous transhepatic lymphangiogra-
phy can be performed by accessing the periportal hepatic
lymphatics using a Chiba needle [13]. Lymphangiography
can be therapeutic due to embolic properties of ethiodized
oil. However, its therapeutic effect is limited by the volume
of the chyle leak where it is more likely to be successful in
low output leaks (less than 500 mL/day) [1ee].

Chylothorax

CX is usually iatrogenic in cancer patients. Post-esophagec-
tomy chylothorax occurs in 1.9-3.8% of patients, and simi-
lar rates have also been seen in pulmonary resections. CX is
associated with an increased rate of major complications and
length of stay in post-surgical patients. [14—17]. Non-iatro-
genic CX can occur in the setting of lymphoma or metastatic
disease and portends a poor outcome [18-20]. Dr. Constantine
Cope pioneered thoracic duct embolization (TDE) to treat CX
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Fig.2 MR lymphangiography and intranodal lymphangiography.
Patient with history of left chest lymphatic leakage status post sev-
eral attempts of thoracic duct embolization and surgical ligation
of the TD after neck surgery. Left upper chest throbbing pain. Left:
MR lymphangiography showed an abnormal network of dilated lym-

in the 1990s and it is now a well-established technique with a
high success rate and fewer complications than thoracic duct
ligation [21-26]. Patients should be considered for TDE if the
conservative treatment fails (dietary modification and octreo-
tide), particularly in cases with high output (>500-1000 mL/
day) and/or signs of clinical deterioration due to metabolic,
electrolyte, or immunologic deficiency [25].

TDE Technique

IL allows for more reliable and faster identification of the
TD and the lymphatic leak [12, 14, 27-29]. Once the area of
leakage has been identified, trans-abdominal access of the
TD is performed via CC, TD, or a lumbar trunk with a 21- or
22-gauge needle. A 0.018 wire is used to catheterize the TD
and a microcatheter is advanced into the cranial aspect of
the TD. Then, TDE is usually done with a combination of
coils and glue (Fig. 3). When the TD cannot be selectively
catheterized, needle disruption of the TD may also help to
seal the leak off. The TD can also be accessed via retrograde
transvenous approach from the left subclavian vein, cervi-
cal access under ultrasound or fluoroscopic guidance, and
directly through the leak/chest tube [24, 30ee, 31-33]. Stent
graft TD reconstruction is a promising technique that allows
to maintain normal physiologic lymphatic drainage but there
is very limited experience [34, 35ee].

Outcomes of Percutaneous Treatment
for Chylothorax

Outcomes of lymphangiography and TDE depend on the
patient’s anatomy and technical success. If the TD can be

phatic vessels extending from the axilla to the left neck (arrowheads).
A short segment of the thoracic duct is identified in the upper chest
(arrow). Right: intranodal lymphangiography via a left axillary node
(arrow) with redemonstration of the lymphatic anomaly arising from
the axillary nodes and the left chest wall lymphatic vessels

visualized and accessed, embolization can be performed.
In these cases, there is a high rate of clinical success (90%),
particularly in iatrogenic and low output leaks (< 1L/day).
In cases without standard anatomy (plexus type TD) or there
is technical failure, lymphangiography may help heal the
leak as ethiodized oil slows down the lymphatic flow, but
overall success rates are lower. Higher output and leaks due
to infiltrative or non-iatrogenic causes also have lower suc-
cess rates.

Fig.3 Thoracic duct (TD) embolization. Patient with history of lung
carcinoma status post lobectomy complicated by chylothorax. Left:
intranodal lymphagiography. Fluoroscopic image of the chest dem-
onstrating the TD (arrow) filled with lipiodol and an area of lipiodol
extravasation in relation with a lymphatic leak (arrowhead). Center:
fluoroscopic image of the cannulation of the TD with a 22G needle
and advancement of a 0.018 wire. Right: Final fluoroscopic image
post TD embolization. A microcatheter is advanced over the wire and
the TD is embolized with microcoils (arrowhead) and glue (arrow)
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Overall, success rates for TDE vary between 55 and 90%.
Cope and Kaiser initially reported a success rate of 73.8%
for TDE. Itkin et al. evaluated 109 patients with iatrogenic
CX, with an overall clinical success rate of 90%. [24, 31]
Pamarthi et al. retrospectively reviewed 120 TDE and dis-
ruption procedures in 105 patients (43 leaks secondary to
esophagectomy and 39 after pulmonary resection). TDE
clinical success was achieved in 72%. When cannulation
cannot be performed, TD disruption clinical success was
55% [36]. This review also noted that successful cases of
TDE had lower volumes of effusion, average 770 mL/day
compared with 1775 mL/day for unsuccessful attempts [36].

In a study from the Mayo clinic, 40 patients underwent
lymphangiography, and a leak was identified in 34 patients.
TDE was only performed on 19 patients due to inability to
cannulate the CC and it was clinically successful in 78.9%
[37]. Several smaller studies evaluating leak have demon-
strated clinical success in the range of 55.6-80% for leak
after esophageal surgery and 83.3% after pulmonary resec-
tion [20, 38]. It is important to note that TDE can only be
performed if an accessible portion of the lymphatic system
is identified. If favorable anatomy is not identified, needle
disruption can be used and has shown to be effective in some
cases [36, 39].

Lymphangiography and TDE are less successful in
patients with infiltrative etiologies such as lymphoma
or metastasis. In a series of 33 patients who underwent
attempted TDE for non-traumatic chylous leak, nine patients
with lymphoma were included. Out of these patients, six had
occlusion of the TD, two were normal, and only one patient
had an identifiable leak. Only three patients were success-
fully catheterized and treated [12, 13, 28]. Pamarthi et al.
also reported lower success with non-traumatic CX, albeit
with a small number of patients [36].

Due to the viscosity of ethiodized oil, IL can be therapeu-
tic by slowing the lymphatic flow down. In a retrospective
review by Jardinet et al., 18 patients underwent IL and 15 of
those patients had resolution of their post-surgical refractory
chylothorax [40ee]. A study by Yannes et al. had similar
results with a clinical success rate of 71% in 57 patients
with CX. Clinical success rates with therapeutic INL were
similar to TDE for patients with less than 500 mL/day of
chylous output [41].

Complications of TDE

Acute direct procedure-related complications include
pulmonary embolism from the embolic agent, shearing
of the wire during TD cannulation (without long-term
sequelae), IVC and renal vein thrombus, and intra-
abdominal hematoma, which have been reported, but are
rare [23, 28, 32, 34, 39].
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Chronic complications can occur after TDE due to pres-
sure-related changes after altering physiologic lymphatic
flow and despite the development of lympho-venous com-
munications. These complications are most often tran-
sient and mild; however, some may require further treat-
ment [24, 42]. In a retrospective review (78 patients,
mean follow-up 34 months), Laslett et al.* found the rate
of probably related long-term complications after TDE
to be 14.3%: lower extremity swelling (8%, typically
mild and limited), abdominal swelling (6%, mild), and
chronic diarrhea (12%) [43].

Alternative Therapies

Lymphangiography and TDE are the mainstays of treat-
ment after failure of conservative therapy. However, there
are several other treatment options for chylothorax, includ-
ing TD ligation, pleurodesis, and pleurectomy. While these
procedures have relatively high success rates, they also have
significant morbidity and mortality, up to 38.3 and 25%,
respectively [25, 44]. Additional options for management
include the placement of a drainage catheter or a pleu-
rovenous shunt in refractory cases [25]. These treatments
offer symptomatic relief, but as the underlying leak is not
corrected, these patients remain at risk for nutritional/meta-
bolic derangements [45].

Chylous Ascites

CA may occur after oncological abdominal surgery, particu-
larly in patients with upper abdominal and retroperitoneal
resections in approximately 7% of the cases. First-line treat-
ment is conservative management (low fat diet/TPN alone or
in combination with somatostatin/octreotide) [46, 47]. There
are limited therapeutic options for CA; therefore, control-
ling the underlying disease and the conservative measures
has been the main stay of management. Percutaneous treat-
ment options include paracentesis, peritoneovenous shunt,
and lymphatic embolization (LE). Trans-jugular intrahepatic
porto-systemic shunt could be a potential option in patients
with CA due to cirrhosis and portal hypertension, as it is
known to decrease the lymphatic hypertension.

Paracentesis and Denver Shunt

Large-volume paracentesis can be used for diagnostic pur-
poses and symptomatic relief, but repeated paracentesis
can lead to severe malnutrition, electrolytic imbalance, and
immunosuppression. A peritoneovenous shunt is a catheter
with two limbs (peritoneal cavity and central veins) con-
nected by a unidirectional pump. This shunt allows the chyle
to return the systemic circulation, preventing metabolic
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derangements. [48] Yarmohammadi et al. studied the effi-
cacy of Denver shunt placement in patients with refractory
CA in cancer patients with focus on patients with a history of
retroperitoneal lymph node dissection, reporting 90% clini-
cal success [49, 50ee]. Reported complications of this shunt
include occlusion, venous thrombosis, fat embolism, DIC,
and infection [49, 50ee, 51].

IL and Lymphatic Embolization

IL and LE are nowadays gaining popularity in the manage-
ment of CA.

Technique

IL is performed by tracking the ethiodized oil under fluor-
oscopy throughout the abdomen and pelvis seeking contrast
extravasation as a sign of an underlying leak. The main
drawback of this technique is the inability to evaluate the
leaks coming from hepatic and intestinal lymphatic ducts
[1ee]. For this reason, it has been suggested to carry out
retrograde access of the TD (transvenous approach or direct
percutaneous puncture in the neck with ultrasound or fluoro-
scopic guidance) [32, 52—-54]. Once the TD is catheterized,
an occlusion balloon can be advanced in a retrograde fashion
towards the lower end of the TD. Contrast injection after bal-
loon inflation could opacify the abdominal/retroperitoneal
ducts and hepatic and intestinal ducts and help identify the
site of the leak.

If IL demonstrates a site of leakage, percutaneous glue
(i.e., n-butyl cyanoacrylate [NBCA]/ethiodized oil mixture)
embolization is performed under fluoroscopic guidance
targeting the lymphatic channel or the closest lymph node
feeding the leak (Fig. 4) [55, 56]. In cases of retrograde
access and identification of multiple chyle leaks, retrograde
embolization through the balloon occlusion catheter can be
performed [57, 58]. Mesenteric IL has also been suggested
to evaluate abdominal lymphatic channels not visualized on
the standard inguinal IL [59]. Even when no leak is identi-
fied, therapeutic lymphangiography can lead to the cessation
of leak [60, 61].

Outcomes and Safety

The available data about lymphatic interventions for evalu-
ation and management of CA is heterogeneous and limited
to small case series and retrospective studies. Hur et al.
reviewed 27 patients with chylous leaks, 17 of which had
CA. Clinical success after lymphangiography with or with-
out embolization was achieved in 14/17 patients (82%) [55].
Nadolski et al. reviewed a cohort of 31 patients with refrac-
tory CA with traumatic and non-traumatic etiology, and leak
was identified in 55% of the patients. LE was performed

Fig.4 Chylous ascites embolization. Patient with history of renal cell
carcinoma status post left nephrectomy and lymphadenectomy and
complicated by chylous ascites. Left: fluoroscopic image after intran-
odal lymphangiography. Filling of the lymphatic nodes and vessels in
the left pelvis with lipiodol extravasation in relation with a lymphatic
leak at L4 level (surgical clips). Right: fluoroscopic image immedi-
ately after the glue injection. The lymphatic leak is identified at L4
level (arrow) and a 22G needle was used to access a left common
iliac node under fluoroscopy (arrowhead). Glue injection was per-
formed with a glue/lipiodol ratio of 1:5

in 65% of the cases with clinical success in 82% with an
overall success rate of 52% [12]. Majdalany et al. reviewed
21 patients with iatrogenic CA who underwent INL with or
without LE using different techniques and clinical success
was achieved in 86% [62]. Kim et al. carried out a systematic
review of the literature for studies evaluating lymphangiog-
raphy with or without LE in the setting of CA. Eighty-seven
patients with clinical success data available for 47 patients.
Clinical success was achieved in 32/47 patients (68.1%) [63].
Other smaller retrospective series revealed similar results
[64—66]. In pediatric patients, the available data is more lim-
ited. In a recent review of our experience with 6 patients,
clinical success was achieved in 4 patients (66%) [67].

IL and LE are safe procedures with limited major com-
plications in the published series. Few minor complications
(<3%) were reported including NBCA/ethiodized oil pul-
monary embolism but these were not associated with any
clinical repercussions [55, 62, 63].

Lymphoceles
Lymphoceles are one of the most common complications

after pelvic and retroperitoneal lymphadenectomy. Treat-
ment is reserved for symptomatic lymphoceles: infection,
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pain, pressure symptoms (leg swelling, venous obstruction,
ureteric obstruction) [68].

Percutaneous Drainage and Sclerotherapy

Percutaneous aspiration is feasible and allows for complete
drainage. However, this method was abandoned as a solitary
treatment due to its high recurrence rate and is currently
reserved for diagnostic purposes only [69]. Percutaneous
drain placement has therefore become the mainstay of mini-
mally invasive treatment for lymphoceles as it allows for
continuous drainage and can be removed once the output
drops below 10 cc/day. Unfortunately, it is associated with
long dwell time which can be up to 4 months [70-72]. Even
with drain placement, it still may be associated with high
recurrence rates, with many cases requiring additional treat-
ment (e.g., percutaneous sclerotherapy) [70].

Percutaneous sclerotherapy induces local inflammation
and fibrosis of the lymphatic channels with subsequent oblit-
eration of the chyle leak [72]. Contrast injection through the
drain can be performed first to estimate the needed volume
of sclerosant and to exclude extravasation or communica-
tion with important structures [31]. There is no consensus
on the type, volume, or dwell time of the sclerosing agent
and sclerotherapy may need to be repeated several times
[1ee, 31]. Commonly used sclerosants include ethanol, povi-
done iodine, doxycycline, and bleomycin [31, 70, 73-76].
The reported success rate of sclerotherapy ranges from 77
to 100%, with an average catheter dwell time from 4 to
19 days [31, 70, 73-79]. Despite the possibility of success
after single session of sclerotherapy, the average number
of procedures reported in the literature is between 1 and 4
procedures. Uyulmaz et al. reported their experience using
OK-432 with a success rate of 95% and a mean number
of 2.5 sessions [79]. Sclerotherapy can be associated with
minor complications (0—13%) such as infection, catheter
occlusion/dislodgement, peri catheter leakage, and pain [31,
70, 73-77].

A novel approach has been described by Franke et al.
using vacuum-assisted drainage of lymphocele with clini-
cal success of 95%, minor complication rate of 4.6%, and
median indwelling time of the drainage catheter 8-9 days
[80].

Lymphangiography and Lymphatic Embolization

IL can identify the source of leak in the pelvis or retroperi-
toneum and bilateral access might not be required in cases
with pelvic lymphoceles restricted to one side [80]. Once the
leak is identified, percutaneous LE using NBCA/ethiodized
oil mixture under fluoroscopic guidance can be performed.
Although the leaking lymphatic duct can directly be tar-
geted, it is easier and more reproducible to target the closest
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lymph node draining into the culprit channel [7, 81ee]. If the
leak is not identified (< 20%), no percutaneous embolization
would be performed. Even in those situations, the inflam-
matory reaction induced by lipiodol can help seal the leak
[56, 60, 61, 72].

The reported success rate of IL and LE is very high,
approaching 100%. The available studies report a median
number of procedures to be 1, and the median time to drain
removal is 5 to 7 days, which is much shorter, compared
to sclerotherapy [7, 55, 81ee, 82, 83]. A systematic review
performed by Ten Hove et al. reported a success rate of 92%
with time to drain removal of 4 to 9 days [84ee]. Kim et al.
compared IL/LE with sclerotherapy and reported higher
3-month clinical success rate with IL/LE (83.3% vs. 43.8%,
P=0.026) [85]. Hur et al. described back door glue emboli-
zation LE by accessing the leaking vessel through the lym-
phocele [86e¢]. LE and INL are safe procedures, and most of
the reported complications are transient pain or leg swelling.

Conclusion

Lymphatic metastases are an important mechanism in the
spread of cancer. Both iatrogenic and non-iatrogenic chylous
leakage can occur and when it does, it is typically associated
with significant impairment of patient’s quality of life. In recent
years, the combination of advanced lymphatic imaging and
advanced interventional techniques has enabled treatment of
these patients through low-risk minimally invasive approaches.
Fortunately, our improved understanding of lymphatic anat-
omy and continued technological advancements will help to
expand the horizon for future lymphatic interventions.
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