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Abstract

To report results of interventional treatment of refractory non-traumatic abdomino-thoracic chylous effusions in patients
with lymphoproliferative disorders. 17 patients (10 male; mean age 66.7 years) with lymphoproliferative disorders suffered
from non-traumatic chylous effusions (chylothorax n=11, chylous ascites n =3, combined abdomino-thoracic effusion n = 3)
refractory to chemotherapy and conservative therapy. All underwent x-ray lymphangiography with iodized-oil to evaluate
for and at the same time treat lymphatic abnormalities (leakage, chylo-lymphatic reflux with/without obstruction of central
drainage). In patients with identifiable active leakage additional lymph-vessel embolization was performed. Resolution of
effusions was deemed as clinical success. Lymphangiography showed reflux in 8/17 (47%), leakage in 2/17 (11.8%), combined
leakage and reflux in 3/17 (17.6%), lymphatic obstruction in 2/17 (11.8%) and normal findings in 2/17 cases (11.8%). 12/17
patients (70.6%) were treated by lymphangiography alone; 5/17 (29.4%) with leakage received additional embolization (all
technically successful). Effusions resolved in 15/17 cases (88.2%); 10/12 (83.3%) resolved after lymphangiography alone
and in 5/5 patients (100%) after embolization. Time-to-resolution of leakage was significantly shorter after embolization
(within one day in all cases) than lymphangiography (median 9 [range 4-30] days; p=0.001). There was no recurrence of
symptoms or post-interventional complications during follow-up (median 445 [40—1555] days). Interventional-radiological
treatment of refractory, non-traumatic lymphoma-induced chylous effusions is safe and effective. Lymphangiography identi-
fies lymphatic abnormalities in the majority of patients and leads to resolution of effusions in > 80% of cases. Active leakage
is found in only a third of patients and can be managed by additional embolization.
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Introduction

Chylous effusions (i.e. chylothorax, chylous ascites) can
be caused by traumatic injury to the central lymphatic sys-
tem, e.g., after surgical procedures, or can be due to non-
traumatic causes with spontaneous occurrence of effusions
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(e.g., in malignancy or primary lymph vessel diseases)
[1-5]. Non-traumatic chylous effusions are rare and occur
in only about 2% of cases in patients with lymphoprolif-
erative disorders [1, 3]. They are difficult to treat and can
be fatal due to respiratory complications, immunosuppres-
sion, or nutritional wasting [1, 3, 6]. Furthermore, neces-
sary oncologic treatment may be delayed by high-volume
chylous discharge. In lymphoma patients, chylous effusions
are thought to be caused by either direct infiltration of lymph
vessels or by impeded lymphatic out-flow [3]. Therefore,
treatment of the underlying lymphoproliferative disorder is
imperative. Additionally, conservative measures such as par-
enteral nutrition or medium chain triglyceride (MCT) diet is
applied in an effort to reduce lymph-flow in central lymphat-
ics. When these treatment options fail, traditionally surgical
treatment was attempted (e.g., ligation of the thoracic duct
or pleurodesis). However this is often limited by patients’
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general condition. More recently, interventional radiological
treatment options are increasingly employed as less invasive
alternatives [5]. X-ray lymphangiography with iodized-oil
(XRL) is a theranostic procedure and can both identify the
underlying lymphatic pathology and—at the same time—
also have a therapeutic effect [7]. Dedicated lymphatic inter-
ventions (e.g., lymph vessel embolization) can additionally
be useful for definitive leakage occlusion [5, 8].

However, so far only a small number of dedicated reports
are available concerning efficacy of interventional treatment
in lymphoma patients with spontaneous chylous effusions.
The aim of this study is therefore to report results of inter-
ventional treatment of refractory non-traumatic abdomino-
thoracic chylous effusions in patients with lymphoma.

Material and methods
Patient cohort

The local institutional review board approved retrospective
data analysis with a waiver for additional informed patient
consent (IRB approval number: 232/16). Medical records of
consecutive patients suffering from lymphoproliferative and
in one case with myeloproliferative disorders with concomi-
tant non-traumatic chylous effusions undergoing a lymphatic
intervention between 2018 and 2022 were reviewed.
The inclusion criteria were:

e Presence of clinically confirmed chylous effusions (tri-
glycerides > 110mg/dl) [5] refractory to oncologic ther-
apy and conservative treatment,

e XRL with or without additional lymph vessel emboliza-
tion (LVE) performed at our institution,

e Available procedural, clinical and follow-up data.

Prior imaging and results of paracenteses were analyzed
pre-interventionally to evaluate whether the patient was suf-
fering from:

e Chylothorax/chylopericardium (thoracic effusions),
e Chylous ascites (abdominal effusions), or
e A combination thereof.

In total, 17 patients (10 male, 7 female; mean age
66.7 +13.5 [range 40-86] years) fulfilled the inclusion cri-
teria (chylothorax n=11, chylous ascites n=3, combined
abdomino-thoracic effusion n=23) and were included into
the study. Overall 8/14 patients (57%) with thoracic chylous
effusions presented with bilateral, 5/14 (36%) with right-
sided and 1/14 (7%) with left-sided chylothorax. Table 1
summarizes further patient characteristics.
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All patients had indwelling drainage catheters with daily
drainage volumes ranging from 400 to 7000 ml (mean daily
drainage volume 1812 + 1930 ml). Cytology of the fluid
showed no malignant cells within the effusions in any of
the patients.

In all patients chylous effusions were refractory to dedi-
cated oncological as well as conservative therapy. 10/17
patients previously received MCT-diet, 4/17 parenteral
nutrition, and 3/17 both for 3—16 weeks (median 6 weeks).
See Table 2 for detailed information on dedicated oncologic
treatment.

Interventional technique

All examinations were performed by the same interven-
tional radiologist (C.C.P., with 12 years of experience).
Interventional techniques of nodal XRL and LVE have
been described in detail before [4, 5, 9]. For nodal XRL,
ultrasound-guided inguinal lymph node puncture was per-
formed by using a 25-gauge needle in both groins with sub-
sequent continuous slow application of iodized-oil (Lipi-
odol, Guerbet, France) by hand-injection under intermittent
fluoroscopy. This was done to visualize the iliacal, retrop-
eritoneal, and thoracic lymphatic system that drains lymph
from the periphery and abdomen towards the lympho-venous
junction.

Resulting X-ray lymphangiograms were evaluated intra-
interventionally and categorized as follows:

e Chylo-lymphatic reflux (Figs. 1 and 2), i.e. lymph flow
away from the central collecting and draining lymphatics
(e.g. into mesenteric, pulmonary or pleural lymphatics),

e Active chylo-lymphatic leakage, i.e. pooling of contrast
agent outside of discernable lymph vessels or nodes,

e Combined reflux and leakage,

e Obstruction of central lymphatic drainage (Fig. 1), i.e.
impaired or occluded lymphatic outflow toward the
venous junction or

e Normal findings, i.e. absence of any of the above stated
abnormalities.

The further treatment procedure depended on the imag-
ing findings: The intervention was stopped after XRL when
reflux, obstruction or normal findings were seen. After that
conservative treatment with MCT-diet was continued for at
least 14 days. Primary LVE was performed in cases with
identifiable active leakage. For this purpose, a transabdomi-
nal access to a larger retroperitoneal lymph vessel/the tho-
racic duct was established by fluoroscopic puncture using a
ventral approach with a 22-gauge needle (e.g. Chiba, Cook
Medical). After successful puncture, a micro-wire was intro-
duced through this needle into the target lymphatic vessels
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Table 1 Patient characteristics
Parameter Overall Thoracic Abdominal Abdomino-thoracic
Number of patients (percentage) 17 11 3 3
Male: Female 10: 7 6:5 2:1 2:1
Median age (range) 66.7+13.5 years 70.2+13.5 years 54.4+15.8 years 66.5+13.3 years
Indication for lymphatic intervention
Thoracic (chylothorax) 11 (64.7%)
Abdominal (chylous ascites) 3(17.6%)
Abdomino-thoracic (Combined chylothorax/ 3 (17.6%)
chylous ascites)
Etiology
Follicular lymphoma 6 (35.3%) 3 0 3
Diffuse large cell B-cell Lymphoma 4 (23.5%) 2 2 0
Chronic lymphocytic leukemia 3(17.6%) 3 0 0
Mantle cell lymphoma 2 (11.8%) 2 0 0
M. Hodgkin 1(5.9%) 0 1 0
Acute myeloid leukemia 1(5.9%) 1 0 0
Lymph node involvement
Mediastinal and retroperitoneal 13 (76.5%) 8 2 3
Only Mediastinal 4 (23.5%) 3 1
Comorbidities
Cardiovascular disease 6 (35.3%) 3 2
Liver cirrhosis 1(5.9%) 1 0 0
Imaging findings
Chylo-lymphatic reflux 8 (47%) 4 2 2
Active lymphatic Leakage 2 (11.8%) 2 0 0
Combined lymphatic reflux and leakage 3 (17.6%) 3 0 0
Obstruction of central drainage 2 (11.8%) 1 0 1
Normal findings 2 (11.8%) 1 1 0

Characteristics of the entire patient cohort as well as patient subgroups with thoracic (chylothorax/chylopericardium), abdominal (chylous
ascites) or abdomino-thoracic (chylothorax/chylopericardium and chylous ascites) effusions. LAM lymphangioleiomyomatosis

[4] and the needle was then exchanged for a microcatheter.
Further assessment of central lymphatic flow and anatomy
was then done by injection of waters-soluble contrast agent
via the microcatheter. The tip of the catheter was then placed
as selectively as possible into the leaking lymph vessel and
embolization was performed using a combination of coils
(e.g.: Tornado, Cook Medical) and tissue adhesive (N-butyl
cyanoacrylate, Histoacryl, Braun) mixed with iodized—oil or
by tissue adhesive alone also as described in detail before
[4, 6].

Data acquisition and definitions

Clinical, procedural and follow-up data were collected
retrospectively from the electronic patient files (Tables 1
and 2). XRL was defined as technically successful when
enhancement of central lymphatics was observed; LVE
when a target lymph vessel was successfully accessed and
occluded by embolization. Clinical success was defined

as resolution or significant reduction of lymphatic leakage
without any further need for treatment. The Common Ter-
minology Criteria for Adverse Events (CTCAE, Version
5) was used to categorize adverse events.

Statistical analysis

Statistical analyses were performed employing SPSS,
V27.0 (IBM, NY, USA). Descriptive statistics were done
for patient characteristics and procedural parameters. Con-
tinuous variables are given as mean and standard devia-
tion, discrete variables as count, median and range. The
time-to-resolution of effusions was compared between
XRL alone and LVE using the Mann—Whitney-U-test.
Patient survival was analyzed using the Kaplan—Meier
method. P values of <0.05 were considered statistically
significant.
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Table2 Treatment Treatment Overall FL DLBCL CLL MCL MH AML
Stage
Binet B 3 3
I 2 1 0 0
1 6 3 1 2 0
v 5 3 0
Chemotherapy
R-CHOP 4 1 3 0 0 0 0
R-mini-CHOP 3 1 0 1 0 0
Ibrutinib 2 0 0 2 0 0 0
Rituximab
Bendamustin 2 2 0 0 0 0 0
VXLD 1 0 0 0 1 0 0
Obinutuzumab 1 0 0 1 0 0 0
Rituximab 1 1 0 0 0 0 0
Rituximab, HD-MTX, Ifosfamid 1 1 0 0 0 0 0
BEACOPPesc 1 0 0 0 0 1 0
Stem cell transplantation 1 0 0 0 0 0 1
Radiation therapy 2 1 0 0 0 1 0
Conservative treatment
MCT diet 10 (58.8%) 3 4 1 2 0 0
Parenteral nutrition 4 (23.5%) 2 0 1 0 0
both 3(17.6%) 1 0 1 0 0 1

Results
Imaging findings

Bilateral inguinal nodal XRL was performed using 20ml of
iodized-oil and was technically successful in all patients.
XRL showed chylo-lymphatic reflux in 8/17 (47%), active
lymphatic leakage in 2/17 (11.8%), combined lymphatic
reflux and leakage in 3/17 (17.6%), obstruction of central
lymphatic flow in 2/17 (11.8%) and normal findings in 2/17
cases (11.8%) (Table 1).

In 2/3 patients with combined chlyo-lymphatic reflux
and leakage, the leakage derived from refluxive vessels. In
the remaining patient there was leakage immediately above
the cisterna chyli and additional chylo-lymphatic reflux in
the pelvis originating from the iliac lymphatics. Overall,
the underlying cause of the effusion was identified in 15/17
cases (88.2%).

Interventional treatment

According to the imaging-guided treatment strategy detailed
above, 12/17 patients (70.6%) were treated by XRL alone,
while 5/17 (29.4%) received additional LVE due to a
detected active lymphatic leakage. 5/5 embolization proce-
dures were technically successful. 4/5 of these patients suf-
fered from chylothorax with leakage in the thorax and were
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treated by thoracic duct embolization (80%). 1/5 patients
presented with combined chylothorax/chylous ascites with
active leakage in the abdomen from retroperitoneal lymphat-
ics. In this patient abdominal interstitial lymph node embo-
lization was performed.

LVE was done with a combination of coils and tissue
adhesive in 3/5 (60%) and with tissue adhesive alone in 2/5
patient (40%).

Clinical course and complications

Overall, treatment was clinically successful in 15/17 (88.2%)
cases. In 12/17 (70.6%) patients, chylous effusions resolved
completely, in 3/17 (17.6%) cases effusions were reduced
significantly so that no further drainage/treatment was nec-
essary, while effusions persisted in 2/17 (11.8%) patients.

XRL alone was clinically successful in 10/12 (83.3%)
(complete resolution 8/12; significant reduction 2/12). All
embolization procedures (5/5) were clinically successful
(complete resolution 4/5, significant reduction 1/5).

Both patients in whom treatment was unsuccessful suf-
fered from follicular lymphoma. One patient with high-
volume chylothorax (7000ml/day) showed normal findings
on XRL without detectable leakage, reflux or lymphatic
obstruction and therefore did not present with a viable
target for LVE. The patient did subsequently not respond
to treatment by XRL alone. He received pleurodesis two



Clinical and Experimental Medicine (2024) 24:63

Page50f10 63

Fig. 1 MR lymphangiography
of a 56-year-old patient with
extensive retrocural lymphoma
manifestation (white arrow) (a).
After nodal contrast application
KM ascension via enhancement
of pelvic and retroperitoneal
lymphatic vessels is visible; in
the upper abdomen the lower
part of the thoracic duct can

be seen. There is no further
enhancement of the thoracic
duct above the lymphoma mass
corresponding to lymphatic
obstruction (white arrow) (b).
X-ray lymphangiography cor-
roborated obstructive lymphatic
drainage disorder at the level of
the retrocrural lymphatic mass
(white arrow) and consecutive
chylolymphatic reflux in the
upper abdomen (c)

months later which led to resolution of chylous effusions.
The other patient suffered from combined chylothorax and
chylous ascites with extensive thoracic chylous reflux on
XRL. Chylous effusions persisted after XRL, and the patient
died 44 days later due to septicemia.

Time-to-resolution of effusions was significantly shorter
after LVE (within one day in all cases) compared to XRL
(median 9 days (range 4-30 days); p=0.001).

Mean clinical follow-up time was 445 (40-1555) days.
During follow-up there was no recurrence of treated

effusions or development of new chylous effusions. No
post-interventional complications were observed. At the
end of the follow-up time 13/17 patients were alive. There
was no 30-day mortality. Mean overall survival was 1154
days with a tendency towards shorter survival in patients
without clinically successful treatment of chylous effu-
sions (773 vs. 1193 days, p =0.366).
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Fig.2 MR (a) and X-ray lym-
phangiography (b) of a 52-year-
old patient with DLBCL and
refractory non-traumatic
chylothorax. There is a marked
thoracic lymphatic flow distur-
bance with significant thoracic
duct obstruction in the upper
part and chylolymphatic reflux
into alternative pathways in the
middle and upper thirds of the
thorax. Lymphatic enhancement
was first visible in the alterna-
tive pathways on the right and
only secondarily and delayed of
the thoracic duct

Discussion

Although refractory chylous effusions complicate lym-
phoma treatment in only 2% of cases, this accounts for
over 10% of chylous effusions overall [10]. These effusions
usually occur spontaneously without direct lymph vessel
injury. Chylous effusions may be evident at the time of
lymphoma diagnosis, but can also develop later during
treatment [10].

As the cause of lymphatic leakage cannot be inferred
from previous trauma or surgery, an exact work-up of
lymphoma involvement and lymphatic imaging is of par-
ticular importance in non-traumatic effusions to elucidate
the underlying lymphatic abnormality and plan targeted
treatment [5]. Importantly, the course of a chylous effusion
does not necessarily align with the success of treating the
underlying lymphoma, and it can persist as a chronic issue
despite successful oncologic treatment.

As reported previously [1, 11, 12], the majority of
patients in our cohort suffered from follicular lymphoma
or DLBCL. However, a wide range of different lymphoma
types may lead to chylo-lymphatic effusions and it is cur-
rently not possible to predict the occurrence, location or
course of effusions based on clinical parameters alone [11,
13]. The question remains which mechanism may lead to
lymphatic effusions in lymphoma patients. In this respect
three basic principles specifically in lymphoma-patients
have been suggested [14-17]:

1. Lymph vessel (i.e. thoracic duct) rupture due to direct

lymphoma infiltration leading to frank lymphatic leak-
age,
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2. Obstruction of lymphatic run-off by compression of the
thoracic duct by lymphoma-mass with subsequent back-
flow into pleural/peritoneal lymphatics,

3. High viscosity of the lymphatic fluid due to elevated
numbers of cells/protein content leading to a pressure
increase and therefore backflow.

Furthermore, interactions between the lymphatic system,
the tumor characteristics as well as the body's reaction to
the disease and treatment may also be additional factors in
the development of chylous effusions not yet understood
[15-17].

In both scenarios 2 and 3 distension of lymphatic vessels
is thought to lead to an increased fragility of lymph-vessels
with micro-ruptures already after minor trauma. However,
the imaging findings in our cohort suggest that alterations in
lymph-flow (possible due to lymph-node involvement and/
or altered viscosity of lymph) with subsequent reflux into
pleural/peritoneal lymphatics and seepage of lymph into the
respective cavity represent the more prevalent mechanism of
effusion formation in these patients (11/17 patients presented
with reflux). This is corroborated by the fact that patients in
the present cohort all had non-malignant effusions making
direct infiltration of larger lymph-vessels unlikely. This is
in line with a previously reported low rate of only 20% of
lymphoma cells in chylous effusions [12, 18-22].

All patients in our cohort had mediastinal and/or retroper-
itoneal lymph node involvement on cross-sectional imaging.
However, although all 3 patients with combined abdomino-
thoracic effusions showed lymph-node enlargement both of
mediastinal and retroperitoneal nodes, 8/11 patients showed
mediastinal and retroperitoneal involvement, but presented
with only a chylothorax. Additionally one patient only had
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enlarged lymph nodes in the mediastinum, but presented
with chylous ascites. This underlined the importance of ded-
icated lymphatic imaging as chylo-lymphatic reflux and/or
obstruction of lymphatic run-off rather than active localized
leakage in the location of involved lymph-nodes could be
identified as the cause of effusions in the majority of cases.

It has been proposed from single case studies that due
to the anatomy of the thoracic duct, lymphoma-associated
chylothorax generally occurs in the left hemithorax and that
bilateral chylothorax is a rare condition [23-25]. Our data
do not support this suggestion as left-sided chylothorax was
seen only in 1/14 patients while 8/14 presented with bilat-
eral and 5/14 with right-sided chylothorax. This is again
most likely due to the fact that we observed chylo-lymphatic
reflux rather than frank leakage from the thoracic duct to be
the cause of the effusion in the majority of patients.

Owing to the rarity of the clinical problem, there is so
far no standardized treatment strategy. Non-traumatic chy-
lous effusions in general are more difficult to treat than the
more common traumatic leakages [25-28]. Paradigmatic for
DLBCL is the intricate interplay of factors such as lym-
phatic infiltration, angiogenesis, cell adhesion-mediated
drug resistance (CAM-DR), tumor microenvironment and
tumor progression that may contribute to the development
of chylous effusions [12, 27, 29, 30].

Treatment usually involves drainage of the excess fluid
and an initial conservative treatment attempt (dietary meas-
ures, octreotide/somatostatin), which aims at reducing
lymphatic flow [4, 5, 9]. As chylo-lymphatic effusions may
decrease in patients with lymphoma remission [11, 12], tar-
geted treatment of the underlying disease is also important.
However, especially in high-output effusions, chemother-
apy alone may not be sufficient [3, 13]. In our cohort, all
patients presented with effusions refractory to conservative
and oncologic therapy. Interestingly, there is no definitive
correlation between remaining lymphoma mass under suc-
cessful treatment and resolution of effusions.

When conservative therapy fails, more invasive treatment
options have to be considered. Traditionally surgical treat-
ment was attempted by performing thoracic duct ligation or
pleurodesis. However, identifying the thoracic duct, often
occurring anatomical variations or alternate pathways during
surgery can be problematic. Therefore “blind” ligation with-
out knowledge of the exact cause and location of the under-
lying lymphatic pathology can be potentially dangerous and
should be avoided. Pleurodesis can be effective in treating
chylothorax [31], but is limited by several potentially long-
lasting adverse events (e.g. pain, respiratory impairment)
and often incomplete success especially in high-volume
effusions [32]. Therefore, pleurodesis should nowadays be
a bail-out procedure in patients not responding to less inva-
sive alternatives.

In recent years, minimally-invasive procedures such
as XRL or LVE have been shown to be safe and effective
in treating chylous effusions [5]. However, only very few
dedicated reports on interventional treatment of lymphoma-
associated spontaneous chylous effusions are available with
the largest group published so far including only 5 patients
[1, 11].

XRL is can visualize the anatomy of and the flow within
the central lymphatic system as well as associated patholo-
gies [5]. This is particularly helpful for further treatment
planning in non-traumatic chylous effusions as, in contrast
to traumatic lymph vessel injuries, the underlying lymphatic
abnormality is typically unknown prior to imaging. In addi-
tion, iodized-oil used for XRL can also have a therapeutic
effect by sealing of leakage sites with considerably less mor-
bidity compared to surgical approaches [1, 8, 11, 18, 33]. It
is currently assumed that leaking iodized-oil directly blocks
the leakage and that secondary sterile inflammation leads to
formation of scar tissue [11, 34, 35]. In general, the thera-
peutic effect of XRL alone for thoracic lymphatic leakages
varies considerably with success rates reported between 7
and 100% [4]. Higher success rates have been reported for
traumatic lymphatic leakages (around 75%) while especially
for non-traumatic chylous effusions clinical success rates
seem to be considerably lower (around 20%) [36]. This is
in line with a reported clinical success rate of only 20%
for XRL also in patients with lymphoma-associated chy-
lous effusions (n=10) [37]. However, several factors such
as the underlying disease, drainage volume as well as the
amount of applied iodized-oil may also influence treatment
success. In contrast to earlier reports we observed resolution
of chylous effusions in > 80% of patients after XRL (with
continued conservative treatment and chemotherapy). This
higher rate of clinical success may be due to a higher dose
of iodized-oil applied in our cohort. While Fukumoto and
colleagues for example used only small amounts of contrast
agent (6-12ml) in repeated interventions (up to 5 interven-
tions per patient) [1], our patients all received XRL with
20 ml of iodized-oil in a single treatment session. This is in
line with a recent report by Jardinet et al. [34] demonstrat-
ing a high success rate (83%) of high-volume iodized-oil
XRL in traumatic chylothorax (mean dose per procedure, 75
ml). Of note, the amount applied by Jardinet et al. is several
times higher than the manufacturer's recommended dose.
At our institution we tend to limit the amount of applied
iodized-oil to 20 ml in the average adult patient. Interest-
ingly, we observed not only a higher clinical success rate of
XRL, but resolution of the effusions also occurred earlier
than reported previously. In addition to the effect of a higher
dose of iodized-oil, the inclusion of patients with different
lymphoma types or the volume of lymphatic output might
also play a role in this respect [11, 13, 38].
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It is so far impossible to predict when a therapeutic effect
of XRL will set in with reported time intervals of days to
several weeks [5]. The effect of additional direct LVE, in
contrast, is more predictable and has a generally higher suc-
cess rate [1]. If the thoracic duct can be intubated success-
fully, LVE is successful in well over 90% in patients with
traumatic chylothorax. In contrast to XRL alone, LVE has
recently be demonstrated to be effective in non-traumatic
causes with a success rates of up to 85% [3, 37, 39-41]. This
is in line with our results in patients with lymphoma-associ-
ated lymphatic leakage with clinical success in all patients
undergoing LVE. Compared to XRL alone, LVE lead to a
significantly faster resolution of the effusions (within only
one days after embolization compared to a mean for 9 days
after XRL). However, as obstruction of lymphatic out-flow
seems to play a role in several of the patients with lym-
phoma-associated chylous effusions, we advocate to employ
LVE sparingly and as selectively as possible in cases with
identifiable active leakage or after failure of XRL alone.
Further obstruction of lymphatic run-off by embolization
(or ligation) may otherwise even worsen lymphatic leakage.

After successful treatment of the effusions, the positive
effect of interventional treatment seems to be long lasting
as we observed no recurrence of effusions within a mean
clinical follow-up interval of over one year (up to 4 years).
As reported before, interventional treatment is quite safe
as post-interventional complications are rare and were not
observed in our cohort. Considering high clinical success
and low morbidity rates, interventional procedures should
therefore be considered a primary treatment options in
patients with refractory lymphoma-associated chylous
effusions.

Our study has several limitations. First, data were ana-
lyzed retrospectively with inherent methodological limi-
tations. Second, although—to our knowledge—being the
largest patient cohort receiving interventional-radiologi-
cal treatment of refractory lymphoma-associated chylous
effusions, the sample size is still rather small due to the
relatively rarity of this clinical problem. Third, the patient
cohort was overall rather heterogeneous due to different
underlying lymphoproliferative disorders. We therefore
refrained from more in-depth statistical analysis. Since
many patients were referred to us from outside hospitals
for interventional treatment, data regarding the previous
oncological therapies with regard to different chemothera-
peutic agents are heterogeneous and only partially docu-
mented. In addition, the study was performed at a single
center with all lymphangiographies being performed by
the same interventionalist which may impair generalizabil-
ity of the results. The source of the lymphatic effusions in
patients with normal findings on imaging remains unclear
to a certain extent. Lymphatic imaging was focused on the
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central lymphatic system at the time of treatment of the
included patient cohort. Since then other imaging options
such as mesenteric or hepatic lymphangiography have
become available and might have shown abnormalities in
the respective lymphatic systems as a source of the effu-
sions [5]. Further research into long-term effects in larger,
multi-center studies certainly is warranted.

In conclusion, interventional-radiological treatment
of refractory, non-traumatic lymphoma-induced chylous
effusions is safe and effective with a clinical success rate
of 88%. Lymphangiography is helpful in identifying lym-
phatic abnormalities in the majority of patients and, at
the same time, can already be therapeutic in > 80% of
patients. Active lymphatic leakage is found in only a third
of patients and can be managed by additional targeted
lymph vessel embolization.
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