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Abstract
AIM: To investigate changes over time in, and effects 
of sealing technology on, milk test results following 
pancreatectomy. 

METHODS: From April 2008 to October 2013, 66 
pancreatic resections were performed at the Iwakuni 
Clinical Center. The milk test has been routinely con
ducted at the institute whenever possible during 
pancreatectomy. The milk test comprises the following 
procedure: A nasogastric tube is inserted until the third 
portion of the duodenum, followed by injection of 100 
mL of milk through the tube. If a chyle leak is present, 
the patient tests positive in this milk test based on the 
observation of a white milky discharge. Positive milk 
test rates, leakage sites, and chylous ascites incidence 
were examined. LigaSure™ (LS; Covidien, Dublin, 
Ireland), a vessel-sealing device, is routinely used in 
pancreatectomy. Positive milk test rates before and 
after use of LS, as well as drain discharge volume at 
the 2nd and 3rd postoperative days, were compared 
retrospectively. Finally, positive milk test rates and 
chylous ascites incidence were compared with the 
results of a previous report. 
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RESULTS: Fifty-nine milk tests were conducted during 
pancreatectomy. The positive milk test rate for all 
pancreatectomy cases was 13.6% (8 of 59 cases). 
One case developed postoperative chylous ascites 
(2.1% among the pancreatoduedenectomy cases and 
1.7% among all pancreatectomies). Positive rates by 
procedure were 12.8% for pancreatoduodenectomy 
and 22.2% for distal pancreatectomy. Positive rates 
by disease were 17.9% for pancreatic and 5.9% 
for biliary diseases. When comparing results from 
before and after use of LS, positive milk test rates in 
pancreatoduodenectomy were 13.0% before and 12.5% 
after, while those in distal pancreatectomy were 33.3% 
and 0%. Drainage volume tended to decrease when LS 
was used on the 3rd postoperative day (volumes were 
424 ± 303 mL before LS and 285 ± 185 mL after, P  = 
0.056). Both chylous ascites incidence and positive milk 
test rates decreased slightly compared with those rates 
from the previous study. 

CONCLUSION: Positive milk test rates and chylous 
ascites incidence decreased over time. Sealing tech
nology may thus play an important role in preventing 
postoperative chylous ascites. 

Key words: Chylous ascites; Milk test; Pancreatectomy; 
Surgical energy device; Drain discharge
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Core tip: Chylous ascites is sometimes a severe com
plication of pancreatectomy. We previously reported 
that the milk test could serve to prevent chylous ascites 
following surgery. In this study, changes over time in 
milk test results, and effects of new energy devices on 
the test results, were investigated. Compared with the 
first report results, positive milk test rates and chylous 
ascites incidence were found to have decreased slightly. 
Use of the new energy devices also tended to result in 
decreased drainage volume. These findings suggest that 
the vessel-sealing technology could play an important 
role in preventing postoperative chylous ascites.
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INTRODUCTION
Chylous ascites is a condition defined by the secretion 
of milky white fluid with high triglyceride content. 
Generally, it occurs due to traumatic injury or obstruc­
tion of the lymphatic system. Although it is a rare 
condition, there are multiple causes, such as neoplasm, 

inflammation, infection, surgery, trauma, and so on[1]. 
As for postoperative causes, pancreatic surgery is 
a major cause of chylous ascites[2-6]. According to 
reports, rates of chylous ascites incidence after pancrea­
toduodenectomy ranged from 1.8% to 13%. The 
cisterna chili lies anteriorally of the first and second 
lumbar vertebrae, on the same plane as the pancreas. 
Injury to the cisterna chili or its tributaries can occur 
during pancreatic resection. We experienced several 
cases of chylous ascites after pancreatectomy, and 
the condition is often associated with prolonged 
hospitalization. These are the reasons why we started 
studying the milk test in 2004 for its potential as a 
treatment to prevent the development of chylous 
ascites following pancreatic resection[5]. 

On the other hand, remarkable advances have 
been witnessed in surgical energy technology. Such 
surgical energy devices as the vessel-sealing system 
represent a new hemostatic technology based on the 
combination of pressure and bipolar electrical energy 
that leads to the denaturation of collagen and elastin in 
the vessel walls and fusion of these into a hemostatic 
seal. Besides hemostatic ability, the new surgical energy 
devices might be used to block lymphatic flow. In terms 
of technical issues, we cannot ignore the effects of such 
new surgical energy technologies.

The aim of this study is to investigate changes over 
time in milk test results following pancreatectomy and 
the effects of vessel-sealing devices on milk test results.

MATERIALS AND METHODS
From April 2008 to October 2013, 66 pancreatic 
resections were performed at the Iwakuni Clinical 
Center, Iwakuni, Japan. Starting in 2004, the milk test 
has been routinely conducted whenever possible during 
pancreatectomy. Briefly, the milk test is conducted in 
the following way: A nasogastric tube is inserted until 
the third portion of the duodenum, followed by injection 
of 100 mL of milk through the tube. If a chyle leak is 
present, the patient tests positive in this milk test based 
on the observation of a white milky discharge (Figure 1). 
Seven cases were excluded: 2 laparoscopic surgeries, 
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Figure 1  Milk test positive case.



as well as 2 emergency and 3 unexpected pancreatic 
resections. The milk test was used in 59 of these 
66 cases [47 pancreatoduodenectomy (PD); 2 total 
pancreatectomy (TP); 9 distal pancreatectomy (DP); 1 
middle pancreatectomy]. Final diagnoses were 21 cases 
of pancreatic cancer, 12 intraductal papillary mucinous 
neoplasm, 9 bile duct cancer, 7 ampulla of Vater cancer, 
2 each of chronic pancreatitis, gallbladder cancer, and 
duodenal cancer, and 1 each of metastatic pancreatic 
cancer and endocrine tumor. 

Positive milk test rates, leakage sites, and chylous 
ascites incidence were examined. Since May 2011 in 
the Iwakuni Clinical Center, a vessel-sealing system 
(LigaSure small jaw instrument) is routinely used in 
pancreatectomy. Positive milk test rates before and after 
introduction of LigaSure (LS) as well as drain discharge 
volume were compared retrospectively. Finally, positive 
milk test rates and chylous ascites incidence were 
compared with the results of our previous report 
(conducted from 2004 to 2008)[5]. 

Variables were compared using χ2 test or Student’s 
t test. JMP 9 statistical software (SAS Institute, Cary, 
NC, United States) was used for all analyses. P < 0.05 
was considered statistically significant. This study was 
reviewed and approved by the Iwakuni Clinical Center 
Institutional Review Board.

RESULTS 
Positive milk test rate among all pancreatectomy cases 
was 13.6% (8 of 59 cases). Leakage sites were as 
follows: Superior mesenteric artery: 4 cases; superior 
mesenteric vein: 2; left renal vein: 1; paraaorta: 1; and 
mesentery: 1. One case had two leakage sites. Six of 
8 cases presented with leakage sites around superior 
mesenteric vessels (Table 1). One case demonstrated 
postoperative chylous ascites. Incidence of chylous 

ascites was 2.1% among the PD cases and 1.7% 
among all pancreatectomies. This case was milk test 
positive and treated with a conservative method using 
octreotide. 

Positive rates by procedure were 12.8% for PD 
and 22.2% for DP (Table 2). No significant differences 
in positive rates were observed between the different 
procedures. Positive rates by diseases were 17.9% 
in pancreatic diseases and 5.9% in biliary diseases. 
When limited to PD patients in pancreatic diseases, the 
positive rate reached 13.3%. The positive rates were 
higher in pancreatic diseases, but this difference did not 
reach the level of statistical significance (Table 3). 

When comparing figures before and after the intro­
duction of LS, positive milk test rates for PD and TP 
were 13.0% before and 12.5% after, and for DP 33.3% 
and 0%. There was no statistical significance (Figure 
2). As for drain discharge volume, the two groups 
were compared on the 2nd and 3rd postoperative days 
(POD) on average. Drain discharge volumes for the 2nd 
POD cases were 454 ± 237 mL (mean ± SD) before 
introduction of LS and 383 ± 279 mL after; for the 3rd 
POD cases, the volumes were 424 ± 303 mL and 285 ± 
185 mL, respectively (Figure 3). Although no statistical 
differences were evident, a tendency for decreased 
drainage volume was observed when using LS on the 
3rd POD cases (P = 0.056).

Incidences of chylous ascites were 2.9% in the 
previous study’s period (2004-2008) among all pancrea­
tectomy[5] cases and 1.7% in this study. Positive milk 
test rates were 22.1% in the previous study[5] and 
13.6% in this study (Figure 4). Both rates represented 
a slight decrease compared with the first report, but 
this difference did not reach the level of statistical 
significance.

DISCUSSION
Postoperative chylous ascites is a relatively rare 
condition, but once it occurs the disorder can cause 
hyponutrition and prolonged hospitalization. 

Positive milk test rates by procedure were higher for 
DP than for PD, but this difference was not significant. 
In our previous report, the incidences were nearly the 
same. Some authors report lower rates of chylous 
ascites in DP[3], but others do not[6]. This result might 
be due to the difference in disease incidence itself, 
but this aspect is not yet fully understood. According 
to the positive milk test rates, chylous ascites might 
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  Negative Positive1

  51 8 (13.6%)
leakage site2

SMA 4
SMV 2
 LRV 1

Paraaorta 1
Mesentery 1

Table 1  Positive rate of milk test 

1Includes one case of postoperative chylous ascites; 2One case showed two 
leakage sites. SMV: Superior mesenteric vein; LRV: Left renal vein.

  Procedure Positive Negative

  PD (n = 47) 6 (12.8%) 41
  DP (n = 9) 2 (22.2%)   7

Table 2  Positive rate of milk test by operative procedure

PD: Pancreatoduodenectomy; DP: Distal pancreatectomy.

  Disease Positive Negative

  Biliary disease (n = 17) 1 (5.9%) 16
  Panceatic disease (n = 39) 7 (17.9%) 32
  Panceatic disease with PD (n = 30) 4 (13.3%) 26

Table 3  Positive rate of milk test by diseases

PD: Pancreatoduodenectomy.

Aoki H et al . Milk test results over time
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peritoneal fistula. Somatostatin therapy should be 
attempted with or without total parenteral nutrition early 
in the course of treatment of chylous ascites before any 
invasive steps are taken[7]. In addition, Kawasaki et al[8] 
reported effectiveness of lymphangiography not only 
for diagnosis but also for treatment of postoperative 
chylothrax and chylous ascites. In our experience, albeit 
somewhat limited, none of the cases required surgical 
treatment for postoperative chylous ascites. Chylous 
ascites should thus be treated by surgical procedure 
at the time of the initial operation. We emphasized the 
importance of steady ligation in our previous report. But 
now, new surgical energy technologies are gradually 
replacing that technique.

New surgical energy devices-such as the harmonic 
scalpel or vessel-sealing system-are reported to be 
useful in reducing drain discharge in colonic surgery[9] 
and in axillary lymphadenectomy[10], respectively. 
Nakayama et al[11] reported the utility of an ultrasonic 
scalpel in sealing the thoracic duct based on use of a pig 
model. The burst pressure after sealing by this ultrasonic 
scalpel was 188-203 mmHg, which is far above the 
pressure at which lymph vessels are occluded. 

The question is what type of surgical energy device 
should we use to prevent chylous ascites? Seehofer 
et al[12] performed a comparison among a new surgical 
tissue management system that combines ultrasonic 
vibration and tissue dissection with bipolar coagulation 
[thunderbeat (TB)], a conventional ultrasonic scissor 
[Harmonic Ace (HA)], and a bipolar vessel clamp (LS), 
in terms of safety and efficacy. The burst pressure of 
the TB technique in the larger-artery category (5-7 
mm) was superior to that of the HA technology. The 
dissection speed of the TB was significantly faster than 
that of the LS. Although seal width was influenced by 
the width of the jaw, LS had the widest seal width and 
the fewest gas pockets. This means that histologically 
LS is superior in terms of seal reliability and prevention 

occur at least equally in DP. Positive milk test rates 
by disease were higher in pancreatic than in biliary 
disease. The existence of concomitant pancreatitis with 
pancreatic disease might have played a role in this 
result. In one study, van der Gaag et al[4] reported that 
chronic pancreatitis is one of the risk factors for the 
development of postoperative chylous ascites. Kuboki 
et al[6] reported manipulation of the paraaortic area, 
retroperitoneal invasion, and early enteral feeding to 
be independent risk factors associated with chylous 
ascites. The first two of these three factors may have 
had something to do with the operative procedure itself. 
As for early enteral feeding, Malik et al[2] also alerted 
the medical community about the risk for chyle leak in 
this treatment. Careful observation of drain discharge is 
thus necessary before allowing such patients to begin 
meal intake after pancreatectomy.

The management algorithm used to treat chylous 
ascites integrates repeat palliative paracentesis, dietary 
measures, total parenteral nutrition therapy, perito­
neovenous shunting, and surgical closure of the lympho­

PD

DP

Before                                                                 After

n  = 23

n  = 6

n  = 24

n  = 3

13.0% 12.5%

33.3% 0%

Figure 2  Comparison of milk test positivity: Before and after induction of sealing devise. PD: Pancreatoduodenectomy; DP: Distal pancreatectomy.

500

400

300

200

100

0

Before LS (n  = 23)

After LS (n  = 26)

mL/d                  #2POD                        #3POD

Figure 3  Drain discharge of pancreatoduodenectomy and total pancrea­
tectomy.
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COMMENTS
Background
Postoperative chylous ascites is a rare condition, but once it occurs the disorder can 
cause hyponutrition and prolonged hospitalization. Although chylous ascites after 
pancreatectomy has recently become an issue in the field of abdominal surgery, 
methods for prevention of chylous ascites are not well established. The authors 
therefore investigated the milk test as a method to resolve this condition starting 
in 2004. In their previous study, use of the milk test contributed to a decrease in 
incidence of chylous ascites. In this study, they looked at changes over time in milk 
test results. In addition, they assessed the effects of energy devices, which first 
appeared during the study period and now cannot be ignored in cases of abdominal 
surgery.

Research frontiers
The authors believe that the milk test is a useful method for detecting lymphorrhea 
during surgery. But to truly prove its utility, a prospective study is necessary. The 
authors therefore initiated a prospective randomized study in 2013. 

Innovations and breakthroughs
To date, many papers have been published about chylous ascites, but most 
of them are focused on its pathogenesis or treatment. There is no study about 
prevention, especially in the case of pancreatectomy. The authors emphasize 
that postoperative chylous ascites should and can be prevented during surgery. 
The results of this study also suggest that new energy devices may play an 
important role in decreasing drain discharge.

Applications
A benefit to the milk test is that milk is easy to obtain and inexpensive. When the 
milk test is used, there is no need for special drugs or instruments. In addition, 
no complications accompany use of the milk test.

Peer-review
Reviewers mentioned that our paper provided interesting methodology and 
results. They stated that they are looking forward to the new study results.
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