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Background: Postoperative chylothorax may be caused by iatrogenic injury of the collateral lymphatic ducts
after thoracic surgery. Although traditional treatment could be considered in most cases, resolution may be
slow. Radiological interventions have recently been developed to manage postoperative chylothorax. This
study aimed to compare radiological interventions and conservative management in patients with post-
operative chylothorax. Methods: We retrospectively reviewed periprocedural drainage time, length of hospital
stay, and nil per os (NPO) duration in 7 patients who received radiological interventions (intervention group
[IG]) and in 9 patients who received conservative management (non-intervention group [NG]). Results: The
baseline characteristics of the patients in the IG and NG were comparable; however, the median drainage
time and median length of hospital stay after detection of chylothorax were significantly shorter in the IG
than in the NG (6 vs. 10 days, p=0.036 and 10 vs. 20 days, p=0.025, respectively). NPO duration after chylo-
thorax detection and total drainage duration were somewhat shorter in the IG than in the NG (5 vs. 7 days
and 8 vs. 14 days, respectively). Conclusion: This study showed that radiological interventions reduced the
duration of drainage and the length of hospital stay, allowing an earlier return to normal life. To overcome
several limitations of this study, a prospective, randomized controlled trial with a larger number of patients
is recommended.

Key words: 1. Chylothorax
2. Lymphography
3. Postoperative care
4. Thoracic duct
5. Thoracic surgery

Introduction

Postoperative chylothorax may be caused by iatro-
genic injury of the collateral lymphatic ducts after
thoracic surgery. In most cases, traditional treatment
is prescribed; however, recent studies reported suc-

cess rates of 16%-75% depending on the daily out-
put [1-4]. It is especially difficult for elderly patients
to endure nil per os (NPO) status during the post-
operative period, as it causes lethargy and prevents
active rehabilitation. To maximize the likelihood of
early recovery, pleurodesis may be the treatment of
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Table 1. Prior operations in patients with chylothorax

Group Underlying disease

Operation No. of patients

Intervention group (n=7) Lung cancer

Esophageal cancer

Thyroid cancer invasion to the trachea

Non-intervention group (n=9) Lung cancer
Lung cancer
Esophageal cancer

Esophageal cancer

Lobectomy 4
Ivor-Lewis operation

Tracheal end-to-end anastomosis
Lobectomy

Sleeve lobectomy

Ivor-Lewis operation

3-Hole operation

N =2 N DN 2N

choice [5-7]. However, the associated chest pain may
prevent lung rehabilitation; patients develop a cough
and cannot take deep breaths. Chemical agents may
trigger acute respiratory distress syndrome in cases
where postoperative air leakage is prolonged [8-10].
Although surgery or another intervention may serve
as a last resort, surgery might be problematically in-
vasive, especially in the postoperative status.

However, an intervention may be worthwhile if it
reveals the leakage site and is therapeutic [2,11-17].
Thoracic duct lymphangiography (TDL) with or with-
out thoracic duct embolization (TDE) may solve sev-
eral of the above-mentioned problems. Although only
a few patients at Pusan National University Hospital
have undergone radiological interventions, we herein
present a retrospective evaluation of the efficacy of
radiological interventions in comparison to conservative
management.

Methods

1) Study groups

The intervention group (IG) included patients with
postoperative chylothorax who underwent radiological
interventions (n=7) from January 2017 to September
2018. The non-intervention group (NG) included 9 pa-
tients who underwent conservative management from
January 2010 to December 2015. In the IG, 5 patients
underwent TDE and 2 underwent TDL only.

Of the patients in the IG, 4 underwent thoraco-
scopic lobectomies to treat lung cancer, 2 underwent
Ivor-Lewis operations to treat esophageal cancer, and
1 underwent an end-to-end tracheal anastomosis to
treat thyroid cancer invasion of the trachea. Of the
patients in the NG, 4 underwent thoracoscopic lobec-
tomies and 2 underwent sleeve lobectomies to treat
lung cancer, while 1 patient underwent an Ivor-Lewis
operation and 2 patients underwent 3-hole oper-

ations to treat esophageal cancer (Table 1).

2) Radiological interventions

TDL was performed in patients who suffered from
postoperative chylothorax, followed by TDE when the
lymphatic duct was accessible.

3) Thoracic duct lymphangiography

We preassembled a 26G needle and a short cathe-
ter (Cook, Bloomington, IN, USA) fitted to a Luer-lock
syringe containing 3-5 mL of lipiodol. Intranodal
lymphangiography was performed via the bilateral
inguinal or femoral lymph nodes. Lymph node punc-
ture was performed under ultrasonographic guidance.
Subsequently, a small amount of lipiodol was injected
under fluoroscopic guidance to confirm puncture of
the intranodal lymphatic vessel. Lipiodol was then
hand-injected at 3 mL/min under intermittent fluoro-
scopic guidance (to reduce the radiation dose). When
the punctured lymph node became ruptured during
the injection, the upper lymph nodes were directly
punctured under fluoroscopic guidance and lipiodol
injection continued. Lipiodol injection ceased after
opacification of the lumbar duct or cisterna chyli.
The total amount of lipiodol was limited to 20 mL to
minimize the risk of pulmonary fat embolism.

4) Thoracic duct embolization

Thoracic duct access was obtained via direct punc-
ture of the lumbar duct or cisterna chyli with a 21G
Chiba needle using the transabdominal route. Prior
to access, cone-beam computed tomography was
used to assess the relationship between the duct and
surrounding anatomical structures (such as the aor-
ta). After transabdominal puncture of the cisterna
chyli, we attempted to enter the thoracic duct using
a 0.018-inch (0.46-mm) Transend guidewire (Boston
Scientific Corp., Natick, MA, USA). If the guidewire
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entered the duct, we advanced it further and then in-
troduced a 2.0- or 2.2F microcatheter (Terumo, Tokyo,
Japan), employing the over-the-wire technique. Digital
subtraction angiography was performed with the aid
of the microcatheter to establish the chyle leakage
sites; these were subjected to Concerto microcoil em-
bolization (Medtronic, Jacksonville, FL, USA) proximal
to (above) the leakage sites, which were then embol-
ized using a mixture of N-butyl cyanoacrylate (NBCA,
Histoacryl; B Brown, Melsungen, Germany) and lip-
iodol (weight ratio 1:1). Coil embolization prevented
NBCA migration to the left subclavian vein; the NBCA
polymerization time is longer in the lymphatic ves-
sels than in blood vessels. If the needle accessed the
lymph node, lipiodol was injected. Fluoroscopic im-
ages of the cisterna chyli were then obtained. Direct
cisterna chyli puncture using a 21G Chiba needle was
performed under fluoroscopic guidance, and an
0.018-inch (0.46-mm) guidewire and microcatheter
were used to cannulate the thoracic duct, which was
then embolized using Concerto 3EA microcoils and
an NBCA/lipiodol mixture (weight ratio 1:1) (Fig. 1).

5) Medical records

We recorded the patients’ age, total drainage dura-
tion, drainage duration after detection of chylothorax,
preprocedural and postprocedural drainage duration,
day of postoperative chylothorax detection, interval

Lymphangiographic Intervention to Treat Chylothorax

Fig. 1. Thoracic duct embolization.
(A) Intranodal lymphangiography via
the bilateral inguinal lymph nodes.
(B) Thoracic duct access via direct
puncture of the lumbar duct. (C)
Introduction of a microcatheter af-
ter insertion of a guidewire. (D)
Digital subtraction angiography to
establish the chyle leakage site. (E)
Microcoil embolization above the
leakage site. (F) Embolization using
a mixture of N-butyl cyanoacrylate
and lipiodol.

from detection to intervention, interval from de-
tection to oral feeding, postprocedural oral feeding
status, total length of hospital stay, length of hospital
stay after detection of chylothorax, postprocedural
length of hospital stay, complications, and in-hospital
mortality in the IG and NG and in the TDE and TDL
patients (Fig. 2). The study protocol was approved
by the Institutional Review Board of Pusan National
University, Busan, Republic of Korea (IRB no,
1908020082), which waived the need for informed
patient consent.

6) Statistical analysis

We used the Student t-test, the Mann-Whitney
U-test, and the Kolmogorov-Smirnov test as appro-
priate. All data are expressed as medians with
ranges. A p-value <0.05 was considered to indicate
statistical significance. All analyses were conducted
using IBM SPSS ver. 24.0 (IBM Corp., Armonk, NY,
USA).

Results

In the IG, the median age was 70 years (range, 62—
76 years), and chylothorax was detected at mean
postoperative day (POD) 3 (range, 1-7 days), al-
though 5 patients (71.4%) exhibited chylothorax ear-
lier, only 1 day after NPO ended. The 2 patients who
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- All cases

underwent an Ivor-Lewis operation exhibited chylo-
thorax on PODs 5 and 7 because NPO duration was
prolonged. The median interval between chylothorax
detection and the intervention was 4 days (range, 1-
7 days). The median duration of chest tube drainage
was 7 days (range, 5-26 days); of the total drainage
days, the preprocedural and postprocedural durations
were 5 days (range, 3-13 days) and 4 days (range, 1-
12 days), respectively. Although the median time
from the intervention to postprocedural oral feeding
was 3 days (range, 1-3 days), 3 of 7 patients
(42.9%) commenced oral feeding the day after their
procedures. The median time from detection of chy-
lothorax to oral feeding was 5 days (range, 2-10
days). The median length of hospital stay after de-
tection of chylothorax was 10 days (range, 7-20 days),
and the median postprocedural length of hospital
stay was 7 days (range, 6-13 days) (Table 2, Fig. 1).

Compared with the IG, the median age of the NG

T— 11

Fig. 2. Schematic of the measure-
ment schedule. The measured pa-
rameters in all cases include inter-
val to detection of chylothorax, to-
tal duration of drainage, duration
of drainage after detection, NPO
duration after detection, total
length of hospital stay, and length
of hospital stay after detection,
whereas the measured parameters
in the intervention cases include
interval to intervention, preproce-
dural/postprocedural duration of
drainage, postprocedural NPO dura-
tion, and length of hospital stay af-
ter intervention. NPO, nil per os.

. Intervention cases

was 61 years (range, 52-75), and the median chylo-
thorax detection time was POD 2 (range, 1-8 days).
The median total drainage duration in the NG was
14 days (range, 10-31 days), and the median total
length of hospital stay was 21 days (range, 14-49
days), which did not differ significantly from the IG.
In the NG, the median drainage time after detection
of chylothorax was 10 days (range, 9-24 days) and
the median length of hospital stay after detection of
chylothorax was 20 days (range, 12-42 days), which
were significantly different from the IG (p=0.036 and
p=0.025, respectively). The NPO duration after de-
tection of chylothorax in the NG was 7 days (range,
1-20 days), which was not significantly different
from the IG (Table 2).

Of the 7 patients who underwent TDL, 5 success-
fully underwent TDE, but 2 did not. Although the
TDL-only subgroup contained only 2 patients, the
median postoperative chylothorax detection time in
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Table 2. Comparison of clinical findings between the intervention and non-intervention groups of patients with postoperative chylothorax

Variable Intervention group (N=7) Non-intervention group (N=9) p-value

Sex (male:female) 4:3 8:1 0.29
Age (yr) 70 (62-76) 61 (52-75) 0.06
Postoperative detection day (POD) 3(1-7) 2 (1-8) 0.72
Drainage duration (day)

Total 8 (5-26) 14 (10-31) 0.15

After detection 6 (3-19) 10 (9-24) 0.036
NPO duration after detection (day) 5 (2-10) 7 (1-20) 0.72
Hospital stay (day)

Total 24 (14-29) 21 (14-49) 0.37

After detection 10 (7-20) 20 (12-42) 0.025

Values are presented as median (range), unless otherwise stated.
POD, postoperative day; NPO, nil per os.

Table 3. Comparison of post-procedural findings between patients who underwent TDE and TDL only in the intervention group

Variable TDE (N=5) TDL only (N=2) p-value

Sex (male:female) 3:2 1:1 0.82
Age (yr) 70 (62-74) 72 (68-76) 0.57
Postoperative detection day (POD) 3 (1-7) 3(2-3) 0.72
Interval from detection to intervention 4 (3-7) 1(1) 0.09
Drainage duration (day)

Total 8 (5-26) 14 (10-31) 0.38

Pre-procedural 6 (3-19) 10 (9-24) 0.09

Post-procedural 4 (1-12) 3 (2-4) 0.86
NPO duration after detection (day) 3(1-3) 2 (1-3) 0.09
Hospital stay (day)

After detection of chylothorax 11 (11-20) 8 (7-9) 0.09

Post-procedural 7 (6-13) 7 (6-8) 0.86

Values are presented as median (range), unless otherwise stated.

TDE, thoracic duct embolization; TDL, thoracic duct lymphangiography; POD, postoperative day; NPO, nil per os.

the TDE and TDL subgroups was 3 days (range, 1-7
days) and 3 days (range, 2-7 days), respectively. The
median interval between chylothorax detection and
the intervention in the TDE and TDL subgroups was
4 days (range, 3-7 days) and 1 day (range, 1 day),
respectively. The median total duration of chest tube
drainage was 11 days (range, 7-26 days) and 7 days
(range, 5-8 days), respectively; the preprocedural
drainage duration was 7 days (range, 5-14 days) and
4 days (range, 3—4 days), respectively; and the post-
procedural drainage duration was 4 days (range, 1-
12 days) and 3 days (range, 2-4 days), respectively.
The median time to postprocedural oral feeding in
the TDE and TDL subgroups was 3 days (range, 1-3
days) and 2 days (range, 1-3 days), respectively. The
median length of hospital stay after detection of chy-
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lothorax in the TDE and TDL subgroups was 11 days
(range, 11-20 days) and 8 days (range, 7-9 days), re-
spectively, and the median postprocedural length of
hospital stay was 7 days (range, 6-13 days) and 7
days (range, 68 days), respectively (Table 3). No
postprocedural complications, such as bleeding, in-
fection, or empyema, were noted. The mean follow-
up duration was 5+3.02 months (range, 1-8 months).

Discussion

The results of our study showed that the baseline
characteristics of the patients in the IG and NG were
generally comparable; however, the median drainage
time and median length of hospital stay after de-
tection of chylothorax were significantly shorter in
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the IG than in the NG. NPO duration after detection
and total drainage duration were somewhat shorter
in the IG than in the NG.

Postoperative chylothorax has previously been dif-
ficult to manage. Generally, most patients are initially
conservatively treated employing NPO, total paren-
teral nutrition, and pleural drainage [1-4]; however,
an operation may be required if leakage persists for
longer than 2 weeks or is greater than 1,000 mL/day
for more than 5 days despite conservative therapy
[1-3]. In such cases, bedside pleurodesis may obviate
the need for surgery [5-7,18,19]. However, pleuritic
chest pain that prevents lung rehabilitation may de-
velop; patients may also develop a cough and be un-
able to take deep breaths. Chemical agents could
trigger acute respiratory distress syndrome [8-10].

Developments in radiological interventions have
led to new therapeutic options (such as TDL and
TDE) for treatment of chylous leakage [1,2,17]. In re-
cent studies, lymphangiography identified 64%-86%
of leakage sites, and the TDE success rate was >90%
when the thoracic duct could be accessed [1,12,14].
Traditional management in postoperative chylothorax
was performed at our hospital before the develop-
ment of the intervention technique; however, most
patients with postoperative chylothorax opted for the
intervention treatment as soon as possible after de-
tection of chylothorax. Generally, in patients with
lung cancer, chylothorax could be detected on POD 1
or 2, since oral feeding might be started on POD 1.
However, in patients with esophageal cancer, chylo-
thorax tended to be detected later, such as on POD 5
-7, when oral feeding was usually initiated. Although
variation in timing is possible due to different time-
lines for the initiation of oral feeding depending on
the disease, we try to let patients undergo the inter-
vention as soon as possible after the detection of
chylothorax.

We performed radiological interventions to treat 7
patients with postoperative chylothorax from January
2017 to September 2018. To evaluate the efficacy of
the interventions, we compared these patients to 9
who underwent conservative management and were
enrolled from January 2010 to December 2015. We
found that the median drainage and the median
length of hospital stay after detection of chylothorax
were significantly shorter in the IG than in the NG
(p=0.036 and p=0.025, respectively) and that oral

feeding after detection of chylothorax was possible
sooner in the IG than in the NG (Table 2). Patients
who require thoracic surgery are usually older, and a
reduced NPO duration improves quality of life in the
elderly.

Of 7 IG patients, 5 underwent TDE, but 2 under-
went TDL only because of access failure that was at-
tributable to anatomical variations of the thoracic
duct, which occur in up to 30% of all subjects. We
found no significant difference in postprocedural
chest tube drainage duration, the postprocedural oral
feeding day, or the postprocedural length of hospital
stay between the TDE and TDL subgroups (p=0.857,
p=0.095, and p=0.857, respectively). All cases re-
solved soon after their procedures regardless of TDE
status. This might be explained by the use of
“scratching” to reduce lymphatic flow via multiple
needle punctures of the prevertebral lymph vessels;
this releases lymphatic wall tension, allowing lym-
phatic leaks to heal [1,17,20]. Although the details of
healing after TDL remain unclear, the TDL subgroup
had better postprocedural outcomes than the TDE
subgroup (Table 3). However, for these findings to
reach statistical significance, the number of patients
in both subgroups must be increased.

Our study had several limitations. First, the num-
ber of patients in both the IG and NG was low.
Second, the IG and NG were formed at different peri-
ods, because of developments in interventional
techniques. Third, our work was retrospective in
nature. A prospective, randomized controlled trial
with more patients is required. Finally, we could not
compare the efficacy of the radiological interventions;
however, those interventions reduced the duration of
drainage and length of hospital stay, allowing an ear-
lier return to normal life. The TDE and TDL sub-
groups did not differ significantly; evaluation of chyle
production via contrast-enhanced imaging is required
for TDL-only cases. Animal experiments might con-
firm the need for embolization.
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