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Background: Chylothorax/abdomen can lead to prolonged hospitalization, cause developmental delays, and 
sometimes become fatal. Therefore, the development of a new therapy for its treatment has been investigated. 
Owing to the rapidly expanding knowledge regarding central lymphatic disease, chylothorax/abdomen has been 
found to be recurrent and to leak due to lymphatic stenosis or obstruction. These lymphatic problems are similar 
to those in peripheral lymphatic disease, for which we analyzed the lymphatic flow and treated it with direct 
maneuver. Based on this, we have introduced minimally invasive procedures to correct the central lymphatic 
system.
Methods: We included 12 pediatric patients aged 30 days to 2 years. Five patients were diagnosed with hereditary 
diseases other than cardiac anomalies. All patients were followed for >6 months after the lymphatic procedures 
were performed. Medical treatment was preoperatively administered for 4 weeks and with diet/milk restrictions.
Results: Four patients were completely cured of lymphatic leakage, and 3 patients required further treatment. 
Five patients died during intensive care, mainly because of respiratory distress.
Conclusions: Lymphangiography and lymphatic venous anastomosis are the most commonly performed proce-
dures, which are effective in some patients. This novel treatment remains limited to patients with complications. 
However, the new therapy that is based on lymphatic flow analysis may become a novel approach for refractory 
chylothorax/abdomen. Therefore, studies on lymphatic disease are ongoing, and further improvements are 
expected in the future.
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Introduction
Postoperative and congenital chylothorax and chylous 

ascites can lead to extended hospital stays or develop-
mental disorders.1) Furthermore, its pathology is difficult 

to understand, and even multidisciplinary approaches 
combining medical and surgical treatments may be 
insufficient. Similar clinical cases are observed in many 
facilities, and spontaneous remission is often expected 
with limited medical treatment or conventional surgery 
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in these cases. The dramatic developments in recent test-
ing and treatments for lymphatic diseases have improved 
our understanding of the disease, and innovative 
technologies have made it possible to perform surgery 
directly on the lymph vessels. Some cases of lymphatic 
diseases that are traditionally considered refractory have 
been cured. We have combined testing and treatment 
methods used for adult patients with lymphatic diseases 
using expert knowledge in pediatric intensive care by a 
team-based approach to perform a specialized surgical 
procedure for lymphatic vessel reconstruction. Here, we 
retrospectively examined our treatment strategies and 
the postoperative course of patients in this progressive 
field of lymphatic diseases and review current treatment 
strategies, including global trends, to discuss the future 
of chylothorax, chylous ascites, and lymphatic diseases.

Patients and Methods
This study involved 12 infants who were under obser-

vation for ≥6 months after surgery from April 2014. 
All the patients had undergone medical treatment for 
≥4 weeks with limited effect and therefore required 
surgical treatment. The patients were aged 30 days to 2 
years (mean age, 9 months; median age, 8 months) and 
included 6 males and 6 females, 5 of whom had under-
lying diseases other than cardiovascular diseases (3 with 
trisomy 21, 1 with refractory hydrocephaly, and 1 with 
Noonan syndrome). The patients had severe congenital 
cardiac diseases such as common ventricle, tetralogy of 
Fallot (TOF) with pulmonary atresia, and Ebstein anom-
aly (Table 1). Lymph flow testing and treatment included 
lymphography (LG; indocyanine green [ICG], Lipiodol; 
detailed below) and lymphaticovenular anastomosis 
(LVA). In the patients without a right-to-left shunt, LG 
was performed, and LVA was indicated in patients with 
a right-to-left shunt, suspected congenital diseases, 
and edema (Fig. 1). All the surgeries were performed 
under general anesthesia (total intravenous anesthesia 
[TIVA]). ICG fluorescence imaging, LG, and LVA were 
performed with the approval of the institutional ethics 
committees of our hospital.

ICG Fluorescence Imaging
ICG injection fluid (Diagnogreen 0.5%; Daiichi Phar-

maceutical, Tokyo, Japan) was diluted to 10 mL of solu-
tion or 5% fructose solution, and 0.05 mL was subcuta-
neously injected to the dorsal pedis and dorsal manus. 

Following the injection, an infrared camera was used to 
thoroughly observe the body surface. The skin directly 
above the linear pattern of lymph flow or circular accu-
mulations in the inguinal region indicating the lymph 
nodes was marked with a permanent marker.

Lipiodol Lymphography (LG)
The inguinal lymph nodes on one or both sides were 

punctured with a 27-G needle under ultrasonography 
or directly viewed through a skin incision. Lipiodol 
480 10 mL (Fuji Pharma Co. Ltd., Tokyo, Japan) was 
manually injected, very slowly, and the forefront was 
identified on radiographic fluoroscopy; this should be 
done under magnification in small infants. The injection 
was stopped as soon as the thoracic duct was visual-
ized (approximately 0.2 mL). As previously mentioned, 
patients with a right-to-left shunt are at a risk of brain 
infarction; thus, patients with a shunt detected on echo-
cardiography are not suitable for this method (Fig. 1).

Lymphaticovenular Anastomosis (LVA)
Lymphatic pathways imaged under ICG near the 

great saphenous vein were selected as the operative area; 
0.1 mL of 0.5% concentrated lidocaine fluid with Bosmin 
diluted 20,000 times was subcutaneously injected as a 
local anesthetic, and a 1- to 2-cm incision was made 
to the skin. The subcutaneous tissues were carefully 
dissected under microscopic magnification to expose 
the collecting lymph vessel and vein. Approximately 
2‒6 11-0 or 12-0 nylon sutures were applied for anas-
tomoses. When complete patency of the anastomosis 
was verified, the skin was sutured using 5-0 absorbent 
monofilaments.

Results
Periods of patient observation ranged from 6 months 

to 3 years. During this time, chylothorax and chylous 
ascites improved in 3 patients, who were discharged to 
their homes in the early postoperative period (patients 
4, 5, and 12). Although the chylothorax resolved com-
pletely in 1 patient, the patient remained hospitalized 
because of an extremely low birth weight (born at 22 
weeks, 518 g) and underlying diseases (hydrocephaly 
and brain hypertension [patient 2]). Three patients 
had decreased transfusion preparations and improved 
respiratory symptoms but required continued treatment 
(patients 3, 7, and 11). Treatment was effective in the 
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short term for the remaining 3 patients (reduced trans-
fusion preparations in patients 1, 6, and 8 and improved 
respiratory symptoms in patients 6 and 8) but was inef-
fective in 2 patients because of exacerbated respiratory 
symptoms (patients 9 and 10). Five patients died during 
the treatment observation period. All deaths occurred 
in the patients with congenital refractory chylothorax 
and severe congenital cardiac diseases who could not 
continue treatment. Respiratory disorders were the most 
common cause of death (60%), occurring between 2 
months and 1 year postoperatively (median, 8 months; 
Table 1).

Discussion
The 3 possible pathologies for the onset of chylotho-

rax and chylous ascites are presented herein. A complex 
combination of these pathologies is involved in this 
disease, making it refractory in many cases. Treatment 
strategies depend on the facility, attending physician, 
and patient’s conditions. Medical therapy may be suc-
cessful in these cases; thus, surgical therapy is performed 
only after conservative efforts have failed.2) Fasting (or 
medium-chain triglyceride milk and low-lipid diet) 
from an early stage, and octreotide, steroid, and fibro-
gammin are gradually administered,3, 4) and surgical 
treatment is considered after 1 month if conservative 
therapy does not stop leaks. However, we continue to 
conduct lymph flow testing to gain a better understand-
ing of the pathology. Clinical findings may exhibit symp-
toms of superficial edema, protein-losing enteropathy, 
and pericardial effusion collection.5, 6)

Traumatic Lymph Duct (Thoracic Duct) Injury
This may occur iatrogenically or traumatically, and 

may occur after thoracic surgery; diagnosis is made 
relatively early.7) It may stop with conservative therapy 
or may persist for an extended period.8) This injury is a 
good indication for LG.

Congenital Chylothorax and Chylous Ascites
These conditions are possibly related to abnormally 

formed pathways or underdeveloped lymph ducts and 
may be complicated by lymph duct malformations 
(lymphangiomas) in the abdominal or thoracic cavity. 
They may be observed during the fetal stage with fetal 
hydrops or may develop shortly after birth.9)

Thoracoabdominal Fluid Accompanying Phle-
bostasis

This may occur in cases of postoperative venous 
hypertension following Fontan or Glenn surgery or in 
total anomalous pulmonary venous return (TAPVR) 
causing pulmonary vein stenosis.10) Venous pressure 
is practically impossible to decrease when consider-
ing the circulatory dynamics, and thoracoabdominal 
fluid drainage may be difficult. This condition may be 
caused by calcification or venous thrombosis because of 
long-term central venous catheter placements.

Testing Methods
Magnetic resonance imaging (MRI) and computed 

tomography (CT) are applied for morphological evalu-
ation, and LG (scintigraphy, ICG fluorescence imaging, 
and LG using contrast agents) is used to evaluate lym-
phatic flow.

Lymphatic scintigraphy has a low resolution and 
is becoming less frequently used in recent years. Sin-
gle-photon emission computed tomographic CT is 
used increasingly for deep lymph evaluation11) but not 
frequently because it exposes the patient to radioactive 
substances and is less sensitive than MRI.

ICG fluorescence imaging is easy to maneuver, allows 
immediate observation, does not expose the patient to 
radiation, and can detect lymph pathways and superfi-
cial lymph reflux. Additional observations can be made 
1 week after the injection without the need for another 
subcutaneous injection, which is particularly advanta-
geous for evaluating children and newborns (Fig. 2). 
Although it is possible to gain detailed information from 

Fig. 1　The protocol of treatment indications
The indications of lipiodol lymphangiography and 
lymphatic venous anastomosis.
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the drained fluid, other testing methods are often used 
for treating chest/abdominal fluid.

During LG, a contrast agent is injected directly into 
the lymphatic system; this is also known as direct LG. In 
adults, a direct puncture is conventionally made in the 
lymph ducts on the top of the foot.12, 13) This method is 
difficult to conduct in children, but direct puncture of 
the inguinal lymph nodes makes it possible to evaluate 
central lymphatic flow as well (Fig. 3). However, the 
procedure requires experience and is performed under 
general anesthesia with positive pressure ventilation 

in children; therefore, visualization of the main lymph 
ducts in the thoracic cavity may sometimes be poor.14) 
Recently, evaluation with dynamic magnetic resonance 
LG has allowed a more detailed understanding of the 
pathology.15‒17) Leakage sites and patterns have been 
reported in patients diagnosed as having congenital 
chylothorax, demonstrating its high diagnostic value.18)

Treatment Methods
Lymph from the lower limbs flows through the 

abdominal chyle cistern, past the thoracic duct, and into 
the venous angle. Central lymph flow disorders cause 
lymphorrhea, which causes many symptoms, including 
pleural effusion, ascites, pericardial fluid, protein-losing 
enteropathy, chyluria, and edema. Although surgery is 
possible for these conditions, they often require combi-
nation therapy.

Accumulated chest/abdominal fluid can be treated 
by thoracic/abdominal cavity drainage or thoracoab-
dominal shunt construction.19) Pleurodesis or thoracic 
duct ligation are surgical approaches for managing leak 
sites. LG (20) and LVA are typical treatment methods in 
lymph surgery (Fig. 4).

In LG, a highly viscous contrast agent flows into the 
thoracic cavity through the lymph vessels. Either direct 
embolism by the agent itself or selective adhesion evoked 
inflammatory response in the surrounding tissues at the 
leakage site is considered the mechanism of LG. Lymph-
edema is a possible complication that requires attention. 
We frequently use a method of LG to perform ICG prior 
to LG (ICG-LG).20) This enables an early prediction 

Fig. 2 ICG lymphography findings of congenital chylothorax male, 25 days old. Two minutes after the subcutane-

ous ICG injection (Case #1)
(a) Right thigh, (b) Left axial. Arrow head: Lymph node, Arrow: Lymph vessels, Interrupted circle: dermal back flow area 
(mild~moderate). Inguinal lymph nodes were detectable in a couple of minutes after the ICG injection. No additional injec-
tions required within one week after the initial injections to assess lymph flow.

Fig. 3 Open direct lymphangiography (Intraoperative 

finding) (Case #2)
Lymph node puncture under microscopic dissection, 
30 days old, 800 g. Arrow head: Lymph node, Arrow: 
27-G needle, Interrupted circle: skin dissected area.
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of leg edemas after LG without additional injection of 
contrast agents. Furthermore, Lipiodol can leak into the 
neurovascular flow in patients with right-to-left shunt 
and can cause a brain infarction21); hence, we prohibit 
the use of LG for patients with right-to-left shunts in 
our hospital. Pulmonary embolism can occur; therefore, 
we avoid additional injections of Lipiodol after venous 
inflow is observed. In this study, none of the patients had 
postoperative respiratory symptoms.

We prefer using LVA to establish lymph flow. This 
method was developed in Japan primarily for treating 
adult secondary lymphomas.22) It is a minimally invasive 
procedure, as the surgical fields are limited only on the 
superficial layers with small skin incisions; it is possi-
ble to perform this procedure under local anesthesia 
in adults.23) LVA is a relatively natural reconstruction 
method because the lymph flows into the veins even-
tually24) (Fig. 5). The underlying mechanism comprises 
releasing lymph from the lymph tract to the venous 
system; collecting lymph from the lower limbs into the 
central lymphatic system (e.g., pelvic lymph tract, chyle 
cistern, thoracic duct) into the veins, and/or collecting 
lymph fluid that has refluxed to the body surface from 
the central system, and/or small quantities of blood with 
hemostasis factors from the venous system that mix with 

the lymphatic tract to adhere to the leak site.25)

The success rates in our study were 33% complete 
remission, 50% partial response, 17% no response, 50% 
remission, 8% continued hospitalized treatment, and 
42% death, with death occurring most often during 
the observation period. All the patients who died had 
undergone LVA; however, we observed that the patients 
who underwent LG had relatively mild disease sim-
ply caused by the iatrogenic trauma or who had no 
right-to-left shunt. Patients who died later had higher 
rates of TAPVR, TOF, and venous hypertension. Con-
ditions such as not simple traumatic lymph injuries 
nor congenital chyle-thorax/abdomen, but a combined 
condition with high venous pressure, might complicate 
their disease. Furthermore, malnutrition led by lasting 
chest/abdominal fluid for >6 months could be a poor 
prognostic factor. In this study, we did not apply addi-
tional treatment; however, it may be better to perform 
additional surgeries in patients with PR with fair general 
conditions for early improvement. Secondary LG is pos-
sible for primary effective LG patients, and secondary 
LVA is possible for patients with ineffective primary LG 
or primary LVA.

On the basis of our previous clinical research, we 
believe that obstruction (stenosis) and the accompany-
ing reflux are important risk factors of lymphedema and 
other lymphatic diseases.26) For example, lymphatic mal-
formations (i.e., lymphangiomas) have been treated with 
sclerotherapy or surgical resection; however, little con-

Fig. 5 Lymphatic venous anastomosis, intraoperative 

findings (Case #1)
Arrow head: Lymph vessel, Arrow: Branches of the 
Vein, Empty arrow: Main trunk of the Vein. Vein 
branches were enlarged with lymph fluid, result in 
clear expansion. In this case, three lymph vessels 
were anastomosed to three branches of the vein. 
Outer diameters were 1.0 mm for Main trunk of the 
vein, 0.6 mm, 0.35 mm for branch of the vein, and 
0.2‒0.3 mm for lymphatic vessels.Fig. 4 The concept of etiology of central lymph dis-

eases, and surgical treatments
Single circle: Pooled lymph, Interrupted circle: Leak-
ing, Double circle: Lymph into or out of from the 
central system.
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sideration is given to lymph flow in these treatments.27) 
By contrast, even for fractable micro-cystic lymphatic 
malformations (cavernous lymphangioma composed of 
aggregates of small cysts), lymph flow could be reestab-
lished with good results on the basis of flow assessment 
with ICG fluorescent.28, 29) Treatments based on lymph 
flow evaluation can also be effective for chest/abdominal 
fluid. In particular, lymph fluid reflux from the point 
of obstruction to the subcutaneous areas of the thigh is 
considered a good indicator for this treatment.

Thoracic duct embolization, a method for treat-
ing chest/abdominal fluid, has gained attention 
recently.14, 17, 30, 31) In this method, a direct puncture 
is made after visualizing the thoracic duct through 
contrast imaging. A catheter is placed, after which an 
embolizing substance (NBCA or coil) is used to embo-
lize the leaking area or main thoracic duct internally. 
An American team reported relatively good results, 
but the success rate was lower in children and patients 
with heart diseases.32) Furthermore, lymph fluid that is 
blocked from entering the emoblized main thoracic duct 
may congest in the intestinal tract or thigh, requiring 
caution to prevent refractory protein-losing enteropathy 
or lower-extremity lymphedema.

In most of the patients with terminated chyle leak, 
growth and development improved to normal levels 
within several months after discharge from the hospi-
tal. By contrast, those with complications of congenital 
lymphangiectasia may have exacerbated symptoms 
later even if the pleural effusion or edema is completely 
cured.5) Therefore, in our hospital, even patients who 
enter remission with medical treatment alone routiney 
undergo long-term follow-up observation in the lym-
phology outpatient clinic and are tested and treated as 
needed.

Lymphatic diseases are undergoing a phase of major 
change. New techniques allow direct manipulation 
of the lymph vessels, which has paved the way for the 
development of more effective and detailed diagnostic 
and therapeutic methods. Similar to other vascular 
channel diseases, lymph vessels also have a flow. Lymph 
fluid is clear and characterized by a “quiet” flow, as its 
flow is slower than those of other vascular channels, 
which may be why it has not been sufficiently reported. 
In addition, future surgical treatments should focus on 
improved lymph flow in lymphatic diseases. A flow-ori-
ented surgical strategy (or flow-oriented super-micro 

surgery [FOSS]) is a minimally invasive treatment strat-
egy for evaluating and reestablishing lymph flow.25)

We treat this disease using a team approach in which 
physicians practicing cardiovascular internal medicine 
and surgery, intensive care, radiology, surgery, pediatrics 
and general pediatrics, and plastic surgery apply their 
knowledge and skill. We have experienced only a few 
cases, but more data and future case findings must be 
accumulated to develop precise therapies. We sincerely 
hope that these data can help young patients with lym-
phatic diseases and that this manuscript contributes to 
their future care.

Conclusions
Chylothorax and chylous ascites are refractory lymph 

duct diseases. Treatment effectiveness is limited in severe 
cases; however, planning treatment strategies based on 
pathology indicates the possibility of minimally invasive 
treatments for lymph flow. Lymph vessel treatments are 
in a period of transition, and future developments are 
expected.
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