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ABSTRACT

Chylous ascites may complicate the 
postoperative course of abdominal surgery 
mainly due to the iatrogenic disruption of 
the lymphatic channels during extensive 
retroperitoneal dissection. 

Sparse data are available regarding 
treatment; however, in many cases a 
recommended first-line treatment approach 
is by way of enteral feeding, consisting of a 
formula high in medium-chain triglycerides 
(MCTs) together with a complete total 
parenteral nutrition teamed with somatostatin 
(or an equivalent). Nonetheless, the ligation 
of chylous fistulae, together with the 
application of Fibrin glue, as well as the 
creation of peritoneal-venous shunts have 
also been documented. The aims of this study 
are to document incidence of postoperative 
chylous ascites following resection of 
abdominal peripheral neuroblastic tumors, 
evaluate efficacy of the management of 
chylous ascites, and investigate the main 
risk factors. A survey was carried out over 
a span of six years, from March 2010 to 
March 2016 at Giannina Gaslini Children's 
Hospital involving seventy-seven children 

with resections of peripheral neuroblastic 
tumors. Incidence rate of postoperative 
chylous ascites following a normal diet was 
9% (n=7). Treatment using total parenteral 
nutrition with octreotide resulted in a 
complete recovery from chylous ascites 
within a 20 day period without recurrence. 
Length of operative time, nephrectomy, and 
the extension of lymphadenectomy were all 
significantly associated with a higher incidence 
of postoperative chylous ascites (p<0.05) 
which also lengthened hospital stay (p<0.05) 
and possibly delayed beginning adjuvant 
chemotherapy.

Keywords: chylous ascites, peripheral neuro-
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Surgery is a milestone in therapeutic 
strategy for peripheral neuroblastic tumors. 
However, postoperative complications, such as 
chylous ascites, may occur (1-4). Accumula-
tion of triglyceride-rich lymphatic fluid in the 
peritoneal cavity is due to chyle extravasation 
resulting from lymphatic disruption during 
surgery. In children, primary chylous ascites is 
extremely rare and commonly due to lymphat-
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ic congenital anomalies (5-7). Secondary forms 
are mainly due to intestinal malrotation, intus-
susception, an incarcerated hernia, lymphan-
gioma, blunt abdominal trauma, malignancy, 
liver diseases, peritoneal dialysis, abdominal 
tuberculosis, filariasis, or extensive abdominal 
surgery (8). 

The management of postoperative chylous 
ascites in children is still undergoing assess-
ment and exploration, although conservative 
treatment is strongly recommended for many 
patients. It consists of a medium-chain tri-
glyceride (MCT) diet, total parenteral nutri-
tion (TPN) and pharmacological agents such 
as somatostatin or octreotide (6,7,9-16). 

An enteral nutrition plan with an exclu-
sively MCT diet is reported to be effective 
since it reduces lymph flow thus allowing 
spontaneous healing of chylous fistulas. MCTs 
are in fact directly absorbed into the portal 
venous system, bypassing the chylomicron 
transport (12). 

TPN reduces mesenteric lymphatic flow 
and chyle production, restores nutritional defi-
cits, and balances metabolic impairments. Oct-
reotide is a synthetic long-acting somatostatin 
analogue with multi-organ effect, exacting 
mechanism of action which is not completely 
understood. Although it has been successfully 
used in children since 2001 (16), its use is still 
limited. While other conservative treatments 
usually take many weeks to be effective, how-
ever, it seems to reduce the recovery time. 

Essential surgical treatment is mandatory 
only in intractable cases refractory to conser-
vative measures. It consists of surgical ligation 
of the chylous fistulae, application of fibrin 
glue (17) or the creations of peritoneal-venous 
shunts (14, 18-32). 

The aim of the primary direct surgical 
repair is to identify and close the lymphatic 
fistula, but anatomic variations and presence 
of areas of diffuse lymphatic leakage may 
limit its feasibility. To overcome these limits, 
when no defined leakage has been identified, 
some authors (17,33) propose the application 
of Fibrin glue on absorbable mesh. 

Since data are not robust in the literature 

(4,13,34), the aims of the present study are to 
document the incidence of postoperative chy-
lous ascites following surgery for peripheral 
neuroblastic tumors, evaluate the success of its 
conservative management, and investigate the 
main risks factors for its occurrence. 

MATERIAL AND METHODS

Demographic, clinical, and surgical fea-
tures of all the infants with newly diagnosed 
peripheral neuroblastic tumors who under-
went surgical exploration from March 2010 to 
March 2016 have been documented. 

The need for surgery was indicated by 
an oncological team which included pediat-
ric oncologists, surgeons, and radiologists. 
All children underwent tumor resection with 
retroperitoneal lymphatic dissection when 
deemed necessary. Informed consent was giv-
en as well as the approval of the Institutional 
Review Board, in accordance with the Helsin-
ki Declaration (2013 revision). Neuroblastoma 
dissection was accomplished with bipolar 
dissection. Scalpel dissection technique was 
carried on in case of vascular encasement with 
opening of the tumor surrounding the vessels 
to the tunica media. In cases with lymphatic 
vessel identification, a selective ligature was 
provided. A peritoneal drain was systematical-
ly placed at the end of all surgical procedures.

TPN was administered postoperatively 
via a central vein to guarantee daily metabolic 
requirements. All patients were monitored 
regarding proteins, electrolytes, liver function, 
and blood fat. Supportive treatments (such 
as albumin, diuretics, and antibiotics) were 
given to patients as required. The diagnosis 
of chylous ascites was confirmed by analyzing 
the fluid obtained through peritoneal drain-
age. A creamy peritoneal fluid with a volume 
of >100ml/day and with a triglyceride con-
centration >110mg/dl were considered diag-
nostic. Incidence was calculated and the main 
suspected risks factors for it occurrence were 
investigated (4). 

The peritoneal cavity drainage tubes 
inserted during operation were left in situ as 
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long as chylous ascites persisted. The qual-
ity and the quantity of drainage fluid were 
monitored daily. In case of occurrence of 
postoperative chylous ascites, it was decided 
to adopt a first-line conservative protocol with 
the use of TNP and introduction of octreotide 
therapy. Thus, all cases received continuous 
intravenous infusion of octreotide at a dose 
of 2mcg/kg/h (Sandostatin, Norvatis Pharma 
AG) proceed by a single bolus administered in 
an hour. 

Clinical or adverse effects were noted, and 
once the peritoneal drainage was less than 20 
ml/day, TPN and octreotide doses were gradu-
ally reduced along with the recovery of an oral 
low-fat diet. 

Medical records, including day in which 
postoperative ascites occurred, duration of 
octreotide therapy, and length of hospital stay 
were recorded and follow up evaluation was 
based on the clinical and imaging findings.

RESULTS

From March 2010 to March 2016, a total 
of seventy-seven patients (41 female; 36 males) 
underwent surgery for abdominal neuroblastic 
tumors consistent with the most recent recom-
mended guidelines.

Patients Who Did Not Develop Chylous 
Ascites 

Patient records are reported in Table 1. 
In forty-six patients the neoplastic mass came 
from the adrenal medulla (19 from the left 
side; 22 from the right side; in 5 cases the 
laterality was not recorded); in 13 cases from 
the abdominal paravertebral sympathetic 
chain (8 from the left side; 3 from the right 
side; 1 bilaterally; in 1 case the laterality was 
not specified) while five patients from the 
pelvic sympathetic ganglia. Both thoracic 
and abdominal involvement was identified in 
five cases (2 from the right side, 3 from the 
left side) and an abdominopelvic growth was 
detected in a single case (Fig. 1).

According to the International Neuroblas-

toma Staging System (INSS), twenty-two pa-
tients were classified as stage S1, five as stage 
2A, three stage 2B, fourteen S3, twenty-two 
S4, and seven patients stage 4S. Data were not 
available in four cases. According to the Inter-
national Neuroblastoma Risk Group (INRG), 
37 patients presented localized disease (25 L1; 
12 L2) and 20 patients suffered from metastat-
ic disease (M 15; Ms 5). However, records were 
not available for 20 patients. 

Thirty-one patients (the average age at the 
time of surgery was forty-two months: range 1 
month - 19 years) were treated with induction 
chemotherapy since the tumors were initially 
unresectable while eighteen patients under-
went preoperative radiotherapy therapy to the 
surgical bed. Twenty-four patients underwent 
laparoscopic resection (one of which using the 
robotic-assisted technique) while the remain-
ing 46 underwent open surgery. 

Gross total resection was achieved in 
fifty-five patients, near complete tumor resec-
tion in fourteen and an incomplete resection 
in one case. Mean operation time was 240 
minutes (range from 50m-630m). Extensive 
lymphadenectomy greater than or equal to 
seven lymph nodes was performed on twenty 
patients. Adrenalectomy was performed on 
42 patients while nephrectomy in six cases. 
Length of hospital stay was 14 days (range 3 - 
81 days). 

Patients Who Developed Chylous Ascites 

In seven patients (4 male; 3 female) 
chylous leakage was detected postoperatively 
(Fig. 2). In five cases the adrenal medullary 
was involved (3 of the left side; 2 of the right 
side) in one case the abdominal paravertebral 
sympathetic chain, and in another the thora-
coabdominal paravertebral sympathetic chain. 
All patients were treated with open surgery 
and gross total resection was achieved in four 
patients and near complete tumor resection 
in two cases. In the remaining single case 
only an incomplete resection was achieved. 
The average age of surgery was twenty-four 
months, varying from five months to five 
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Chylous 
ascites 
Yes (n=7) 

Chylous 
ascites 
No (n=70) 

Total 
 
(n=77) 

P value 
 
 

Gender  
• F 
• M 

  
3 
4 

 
38 
32 

 
41 
36 

 
0.70 

Age at surgery 
• Mean 
• Range 

 
24m 
5m-59m 

 
44m  
1m-19y 

 
42m 
1m-19y 

 
0.30 

ASA status 
• ASA1 
• ASA 2 
• ASA 3 
• nd 

 
0 
5 
2 
0 

 
6 
45 
17 
2 

 
6 
50 
19 
2 

 
0.83 

Primary site  
• Adrenal medullary  
• Other than adrenal  

 
5 
2 

 
46 
24 

 
51 
26 

 
1.00 

Tumor histology 
• Neuroblastoma  
• Ganglioneuroblastoma  
• Ganglioneuroma  

 
7 
0 
0 

 
59 
8 
3 

 
66 
8 
3 

 
0.53 

Stage INRG 
• L1  
• L2  
• M  
• Ms  
• nd  

 
2 
0 
3 
0 
2 

 
23 
12 
12 
5 
18 

 
25 
12 
15 
5 
20 

 
0.42 

Stage INSS 
• S1  
• S2A  
• S2B  
• S3  
• S4  
• S4S  
• nd  

 
0 
0 
2 
2 
3 
0 
0 

 
22 
5 
1 
12 
19 
7 
4 

 
22 
5 
3 
14 
22 
7 
4 

 
0.01 

Induction chemotherapy 
• y 
• n 

 
5 
2 

 
26 
44 

 
31 
46 

 
0.11 

Neoadjuvant radiotherapy 
• y 
• n 

 
1 
6 

 
17 
53 

 
18 
59 

 
1.00 

Surgical approach 
• Open 
• Laparoscopic 

 
7 
0 

 
44 
26 

 
51 
26 

 
0.09 

Resection type 
• Gross total resection  
• Other  

 
5 
2 

 
52 
18 

 
57 
20 

 
1.00 

Blood transfusion 
• y 
• n 

 
4 
3 

 
22 
48 

 
26 
51 

 
0.22 

TABLE 1
Risk Factors of Postoperative Chylous Ascites Following Surgery for  

Abdominal Peripheral Neuroblastic Tumors
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years. Induction chemotherapy was required 
in four patients, while one patient received 
preoperative radiotherapy. Extensive lymph-
adenectomy (>7 lymph nodes) was performed 
in five patients. 

Nephrectomy was required in three 
patients. Mean surgical time was 403 minutes 
(range from 310m-630m). Chylous leakage 
was detected within a mean interval of 7 days 
(range 3d-29d) after surgery. The mean dura-
tion of octreotide infusion therapy was 10 days 
(range 4d-20d). 

No complications were found related to 
TPN and no side effects of octreotide were 
recorded. All patients were successfully man-
aged with conservative treatment and none 
required any further surgery. 

The average length of hospital stay was 
26 days (range 15 -73 days). Follow-up studies 
found no recurrence (while following a normal 
diet). Regarding the main suspected risk fac-
tors, the entity of lymphadenectomy and the 
length of surgery were both associated with 
higher incidences of postoperative chylous 
ascites (respectively, p=0.0066 and p=0.0097) 
using Fisher's exact test. Occurrence compli-
cated the postoperative course by significant-

ly lengthening duration of hospitalization 
(p=0.0055).

DISCUSSION

Surgery plays a fundamental rule in 
the management of abdominal neuroblastic 
tumors. Surgical exploration is performed to 
confirm diagnosis, obtain biological characteri-
zation, sample loco regional lymph nodes, and 
attempt to obtain complete resection. 

Large retroperitoneal neuroblastomas 
may infiltrate blood vessels (Fig. 1) leading 
to massive bleeding during resection. Other 
than vascular injury, nephrectomy, infections, 
or organ failure may occur (2,3). In addition, 
neoplastic growth could infiltrate lymphatic 
vessels causing rupture in the peritoneal cavity 
during surgical resection. Chyle leakage is a 
known complication of abdominal surgery 
which is still under investigation in pediatric 
patients. Constant protein and nutrient loss 
may lead to malnutrition and alter coagula-
tion time. Loss of immunoglobulins and lym-
phocytes may interfere with immunological 
functions, while hydro-electrolyte alterations 
may cause dehydration.

 

INRG: International Neuroblastoma Risk Group classification; INSS: International Neuroblastoma 
Staging System. 

Table 1 (continued)     
 
 
 

Chylous 
ascites 
Yes (n=7) 

Chylous 
ascites 
No (n=70) 

Total 
 
(n=77) 

P value 
 
 

 

Chylous 
ascites 
Yes (n=7) 

Chylous 
ascites 
No (n=70) 

Total 
 
(n=77) 

P value 
 
 

Nephrectomy 
• y 
• n 

 
3 
4 

 
3 
67 

 
6 
71 

 
0.0084* 

Adrenalectomy 
• y 
• n 

 
6 
1 

  
48 
29 

 
0.24 

Extensive lymphadenectomy (>7) 
• y 
• n 

 
5 
2 

 
13 
57 

 
20 
57 

 
0.0066 * 
 

Operative time   
• mean 
• range 

 
240m 
50m-630m 

 
403m 
310m-630m 

 
240m 
50m-
630m 

 
0.0097 * 
 

Length of hospital stay   
• mean 
• range 

 
26d 
15d-73d 

 
13d  
3d-81d 

 
14d  
3d-81d 

 
0.0055 * 
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Fig. 1. MRI T1-weighted images after intravenous contrast administration showing 
a 61x49x41mm abdominopelvic mass. It extends caudally in a retroaortic and para-
caval position from the blood vessels of the kidney to the ischioanal fossa, displacing 
the common iliac vessels.

Fig. 2. CT scan images depict massive chylous ascites following radical surgical treat-
ment of abdominal neuroblastoma.
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Although conservative treatment is 
strongly recommended in most patients, dura-
tion of this treatment before surgery is under-
taken is controversial. Nevertheless, a period 
of 4-8 weeks is usually recommended. The use 
of octreotide in children is still limited and 
reviews mostly deal only with reports of single 
cases (7,9,13,35,36). 

Octreotide is a synthetic somatostatin 
analog comprising eight amino acids which, 
according to recent studies, reduces lymphatic 
production and flow. It also inhibits secretion 
of various digestive hormones such as gluca-
gon and insulin, and digestive juices such as 
gastric acid, pancreatic fluid, and bile, and 
thereby decreases blood flow to the internal or-
gans which decreases the lymph flow (37,38). 
It constricts smooth muscle via the somatosta-
tin receptors in the lymph duct endothelium 
and smooth muscles (39). 

In the context of chyle fistula, the efficacy 
of somatostatin may be a result of its ability 
to reduce gastric, pancreatic, and intestinal 
secretions, to inhibit intestinal motor activity, 
and to slow intestinal absorption, reducing 
splanchnic blood flow and decreasing hepatic 
venous pressure (40,41). 

Large sample size studies are lacking, and 
no gold standard treatment has been defined 
regarding timing and the dosage of octreotide. 
A prospective study in dogs demonstrated a 
threefold decrease in thoracic duct flow and 
decreased ratio of triglycerides after admin-
istration of octreotide (42). Similarly, in a 
study conducted by Ahn et al (43) on postop-
erative chyle leakage after neck dissection, 
triglycerides concentrations in the postoper-
ative drainage fluid were consistently lower 
in the octreotide group than in the in the 
control group throughout the postoperative 
period. These results suggested that both the 
lymph flow and triglycerides concentrations 
in the major lymphatic channels were at-
tenuated by octreotide injection, supporting 
the hypothesized effect of octreotide on the 
lymphatics. Kuboki et al (44) also showed that 
the decrease of the daily drainage output is 
significantly earlier in patients treated with 

octreotide (median 1 vs 6 days).
Leibovitch et al (10) reported that 2 to 6 

weeks of TPN are needed for recovery in 60% 
to 100% of cases. Conversely, several studies 
indicate that the recovery time is much less 
if somatostatin or its correspondent is used. 
Yang et al (9) report a shorter curative time 
without any recurrence in two cases of chylous 
ascites managed with TPN and octreotide 
compared to the other two receiving only 
TPN (median 2 days vs 27 days). Pan et al 
(12) confirmed that complete clinical success 
is reached earlier in patients treated with 
somatostatin compared with patients treated 
without (median 4 days vs 12 days). In this 
study, tube removal time, time to resume an 
oral diet, and the length of hospital stay were 
all significantly shorter in the somatostatin 
group. 

The high cost of the somatostatin seems 
to be largely compensated by the decreased 
recovery time and incidence of complications 
and by the shorter length of nutrition support 
and hospital stay (45).

Regarding surgical management of 
chylous ascites, efficacy of the creation of a 
peritoneal-venous shunt is controversial; some 
authors report its success in the treatment of 
intractable postoperative chylous ascites in 
children, whereas others note a high failure 
rate associated with several complications, 
such as shunt fracture or occlusion, cardiac 
congestion, disseminated intravascular coagu-
lation, fat emboli, vein thrombosis, infections, 
sepsis, nephritis, dissemination of malignant 
cells, or perforation of the coronary sinus 
(11,18-32,46-47).

Several known risk factors for occurrence 
of postoperative chylous ascites have been 
investigated. Kaas et al (11) considered surger-
ies proceeded by cytoreduction or hyperther-
mic intraperitoneal chemotherapy, extensive 
retroperitoneal lymph node dissection, oesoph-
ageal, gastric or retroperitoneal resections as 
high-risk procedure. Evans et al (14) identified 
a significant incidence of chylous ascites in 
patients developing significant intraoperative 
blood loss during retroperitoneal lymph node 
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possibly delayed adjuvant chemotherapy to 
limit the risk of subsequent possible infection.

CONCLUSIONS

TPN along with octreotide infusion seems 
to be effective in the treatment of chylous asci-
tes after oncological surgery in children. Drug 
safety and favorable outcome suggest that the 
conservative management should be consid-
ered as the first therapeutic option. However, 
further randomized case-control trials are 
required to compare different conservative 
approaches, such as TPN alone or associated 
with octreotide. Assessment of the most appro-
priate octreotide regimen in terms of duration 
of treatment and its optimal dosage in infants 
should also be further investigated.
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