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Synbiotics reduce postoperative infectious
complications: a randomized controlled trial
in biliary cancer patients undergoing
hepatectomy

Abstract Background and aims:
The clinical value of synbiotics in
surgical patients remains unclear. The
aim of this study was to investigate
the effect of synbiotics on intestinal
integrity and microflora, as well as on
surgical outcome, in patients under-
going high-risk hepatectomy.
Methods: Fifty-four patients
with biliary cancer were randomly
allocated to two groups before hepa-
tectomy. One group received postop-
erative enteral feeding that included
synbiotics; the other received enteral
feeding only. Lactulose/mannitol
(L/M) ratio, serum diamine oxidase
(DAO) activity, and fecal microflora
and organic acid concentrations were
determined. Postoperative infectious
complications were recorded.
Results: Of the 54 patients, 44
completed the trial (21 receiving
synbiotics and 23 others as controls).
Postoperative changes in L/M ratios
and serum DAO activities were iden-

tical between the two groups. Num-
bers of beneficial bacteria increased in
the synbiotics group after surgery but
decreased in controls. Numbers of
harmful microorganisms decreased in
the synbiotics group but increased in
controls. Total organic acid concen-
trations increased in the synbiotics
group but decreased in controls. In-
cidence of infectious complications
was 19% (4/21) in the synbiotics
group and 52% (12/23) in controls
(P<0.05). All study patients tolerated
surgery (mortality 0%). Conclusions:
Synbiotics, combined with early en-
teral nutrition, can reduce postopera-
tive infections. This beneficial effect
presumably involves correction of an
intestinal microbial imbalance in-
duced by surgical stress.
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Introduction

Resection is used increasingly to manage neoplasms of the
liver. Today, thanks to improvements in surgical techniques
and refinements in preoperative and postoperative manage-
ment, hepatectomy for metastatic liver cancer can be
performed with acceptably low mortality. However, hep-
atectomy for biliary cancer still is associated with high
morbidity and mortality rates [1–4], and septic complica-
tions after hepatectomy remain a major problem [5–7].
Patients with biliary cancer that involves the hepatic hilus

are prone to immune compromise because the tumor is
usually diagnosed at an advanced stage and is associated
with obstructive jaundice. In addition, hepatectomy exac-
erbates immune dysfunction, as the liver is the principal
organ of metabolism and constitutes the major part of the
reticuloendothelial system [8]. Many reports have sug-
gested that infections in immunocompromised hosts often
arise from their intestinal microflora [8, 9]. Indigenous en-
teric Gram-negative bacteria, such as the Enterobacteria-
ceae, are among the leading causes of infections.
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Lilly and Stillwell [10] first introduced the term “pro-
biotics” for bacteria that benefit the host by improving
intestinal microbial balance. Probiotics include Lactoba-
cilli and Bifidobacteria and are widely used as a viable
microbial food supplement [11]. Additionally, the term pre-
biotics has been adopted to refer to a non-digestive food
constituent that selectively alters the growth and/or activity
of one or a limited number of bacteria in the colon, thus
potentially improving the health of the host [11–13]. Several
types of ingredients, such as fructo-oligosaccharides, galac-
to-oligosaccharides, and inulin, are used as prebiotics. Com-
bined use of probiotics and prebiotics is called synbiotics
[13]. Synbiotic combinations are considered to have ben-
eficial effects on human health, but their clinical value in
surgical patients remains unclear because only a few clin-
ical studies have been conducted [14–16].

The aim of the present prospective randomized study
was to investigate the effect of synbiotics on intestinal per-
meability, integrity, and microflora, as well as on surgical
outcome, in a clinical setting.

Materials and methods

Patients

This study involved 54 patients with biliary cancer (peri-
hilar cholangiocarcinoma or gallbladder cancer involving
the hepatic hilus) who were scheduled to undergo combined
liver and extrahepatic bile duct resection with hepaticoje-
junostomy at the Nagoya University Hospital between July
2000 and December 2002. Patients scheduled to undergo
hepatopancreatoduodenectomy were not included. Subjects
were randomly allocated to two groups before surgery: one
group received postoperative enteral feeding with synbio-
tics, and the other received enteral feeding only. Written
informed consent for participation was obtained from each
patient before enrollment in the study, which was approved
by the Human Research Review Committee of Nagoya
University Hospital.

All patients received a regular diet preoperatively; no
patient received parenteral or enteral nutritional supple-
mentation. In patients with obstructive jaundice who under-
went percutaneous transhepatic biliary drainage, all of the
externally drained bile from biliary drainage catheter was
replaced per os or by ingestion through a nasoduodenal
tube, in order to maintain intestinal integrity [17]. All pa-
tients underwent intestinal preparation with an iso-osmotic
solution (2 l), given on the day before operation, and re-
ceived antibiotic prophylaxis as a single intravenous drip
infusion 30 min before surgery.

An 8F catheter for enteral feeding was placed through
a jejunal limb during surgery. This enteral feeding (Har-
monic M, 1 kcal/ml; Mitsubishi Pharma, Tokyo, Japan)
was initiated on postoperative day 1, at 100 kcal/day, and
was increased gradually to 400 kcal/day by day 6. Oral

intake was allowed on day 6 or 7; then, enteral feeding
was decreased gradually as oral intake increased. Paren-
teral nutrition also was supplied via a central venous cath-
eter, placed while the patient was in the operating room,
immediately before surgery. This central venous catheter
was removed 7 to 10 days postoperatively. The synbiotics
used were Yakult BL Seichōyaku (Yakult Honsha, Tokyo,
Japan) containing 1×108 living Bifidobacterium breve
strain Yakult and 1×108 living Lactobacillus casei strain
Shirota/g, as well as galacto-oligosaccharides (Oligomate
55; Yakult Honsha). Yakult BL Seichōyaku (3 g/day) and
galacto-oligosaccharides (12 g/day) were administered,
through the 8F feeding catheter, from postoperative day 1
to day 14.

The lactulose–mannitol test was performed 1 day before
hepatectomy, and 2, 7, and 28 days after hepatectomy.
Blood was sampled before and after surgery for standard
laboratory tests and measurement of serum diamine oxidase
(DAO) activity. Feces, also, were sampled 1 day before
hepatectomy and 7 and 28 days after hepatectomy for bac-
teriological examination.

Lactulose–mannitol test

Intestinal permeability was assessed by the lactulose–man-
nitol test. The test solution consisted of 10 g of lactulose
(Sigma-Aldrich, Tokyo, Japan) and 5 g of mannitol (Sigma-
Aldrich), which were mixed in 60 ml of physiological
saline. After an overnight fast, the subjects fully voided, and
the test solution was administered orally. In the next 6 h,
subjects were at rest and were allowed no food or water.
All urine was collected for 6 h. A 10-ml sample was taken
from the pooled urine and frozen at −20°C until required
for analysis. Urinary lactulose and mannitol concentrations
were measured by gas–liquid chromatography [18]. Fi-
nally, the urinary lactulose–mannitol ratio (L/M ratio) was
calculated.

Serum diamine oxidase activity

Blood samples were centrifuged at 1,000 g for 10 min at 4°C,
and the sera were stored at −80°C until required for mea-
surement. Serum DAO activity was determined by Takagi’s
method [19], which is a simple and sensitive colorimetric
assay based on a coupled reaction with peroxidase and a
novel chromogen, 10-(carboxymethyl-aminocarbonyl)-3,7-
bis(dimethylamino)-phenothiazine sodium salt (DA-67;
Wako Pure Chemical Industries, Osaka, Japan). Briefly,
1.5 ml of cadaverine solution [525.3 mg of cadaverine
hydrochloride dissolved in 100 ml of piperadine-N,N′-bis
(2-ethanesulfonic acid) buffer (25 mmol/l, pH 7.2, contain-
ing 0.5% Triton X-100)] and 0.1 ml of the serum sample
were incubated at 37°C for 30 min. Then, 1.5 ml of DA-67
(40.8 mg/ml), ascorbate oxidase (cucumber, 5 U/ml), per-
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oxidase (Type X: horseradish, 6 purpurogallin U/ml) were
added, followed by incubation for another 60 min. Color-
imetric absorption was measured by spectrophotometry
(UVIDEC-40; Japan Spectroscopic, Tokyo, Japan) at a
wavelength of 668 nm.

Fecal bacteriologic examination

Feces were collected in a test tube, which was maintained
anaerobically in an atmosphere of 7% H2 and 5% CO2 in
N2. The test tube was refrigerated until culture. VL-G roll
tube agar [20], supplemented with 0.2% cellobiose and
0.2% maltose (modified VL-G roll tube agar), was used to
determine total anaerobe counts. Various media were used
for selective isolation of different microorganisms: modi-
fiedVL-G roll tube agar to which 80μg/ml vancomycin and
1μg/ml kanamycin were added for Bacteroidaceae; CW
agar (Nikken Bio Medical Laboratory, Kyoto, Japan) for
lecitinase-positive Clostridium; MPN agar [21] for Bifido-
bacterium; COBA agar [22] for Enterococcus; LBS agar
(Becton Dickinson, Cockeysville, Md., USA) supple-
mented with 0.8% Lab Lemco powder (Oxoid, Basing-
stoke, UK) for Lactobacillus; Staphylococcus medium
no. 110 agar (Nissui Pharmaceutical, Tokyo, Japan) for
Staphylococcus and Bacillus; DHL agar (Nissui Phar-
maceutical) for Enterobacteriaceae; NAC agar (Nissui
Pharmaceutical) for Pseudomonas; and GS agar (Nissui
Pharmaceutical) for Candida. TOS agar [23], supple-
mented with 6.25 mg/ml streptomycin sulfate (Sigma, St
Louis, Mo., USA) and 1 mg/ml carbenicillin disodium salt
(Sigma, T-CBPC agar), was used for quantitation of Bifi-
dobacterium breve strain Yakult. LLV agar [24] was used
for quantitation of Lactobacillus casei strain Shirota. CW
agar, LBS agar, and T-CBPC agar media were cultured
anaerobically at 37°C for 72 h. After incubation, the col-
onies on the plates were counted and Gram stained. Num-
bers of viable bacteria per gram of feces (wet weight) were
calculated. Bifidobacterium breve strain Yakult and Lacto-
bacillus casei strain Shirota were identified by enzyme-
linked immunosorbent assay (ELISA) using strain-specific
monoclonal antibodies [24]. All bacterial counts [colony-
forming units (CFUs)/g of wet feces] were transformed
to logarithms (log10 CFU) for ease of statistical analysis.
The lower limit of bacterial detection with this proce-
dure was 1,000 CFUs/g of feces for the obligate anaer-
obes, Bacteroidaceae and Bifidobacterium and 100 CFUs/g
of feces for other bacteria.

Determination of fecal organic acid concentrations

Feces were homogenized in 1 ml of distilled water. The
homogenate was placed in an Eppendorf tube and cen-
trifuged at 10,000 rpm at 4°C for 10 min. A mixture of
0.9 ml of the resulting supernatant and 0.1 ml of 1.5 mol/l

perchloric acid were mixed well in a glass tube and then
allowed to stand at 4°C for 12 h. The suspension was
then passed through a filter with a pore size of 0.45 μm
(Millipore Japan, Tokyo). The sample was analyzed for
organic acids by high-performance liquid chromatography
(HPLC) as previously described [25]. The HPLC was per-
formed with a Waters system (Waters 432 conductivity de-
tector; Waters, Milford, Mass., USA) equipped with two
columns (Shodex Rspack KC-811; Showa Denko, Tokyo).
Concentrations of organic acids were calculated with the
use of external standards and were expressed as micromoles
per gram of wet feces.

Recording of infectious complications

Detailed daily records of patients’ postoperative courses
were kept, and infectious complications were recorded for
up to 30 days after surgery. Wound infection was defined as
spontaneous or surgically released purulent discharge with
positive cultures. Intra-abdominal abscess was defined as
purulent discharge with positive cultures from abdominal
drains placed at surgery or as fluid collection requiring
drainage. Pneumonia was defined as a characteristic pul-
monary infiltrate on a chest radiograph accompanied by
leukocytosis.

Blood was obtained for cultures if a patient developed a
fever exceeding 38.5°C after hepatectomy, irrespective of
the presence or absence of other infectious sources. For
each set of blood cultures, 10 ml of blood was drawn under
sterile conditions and then immediately inoculated into
different culture bottles (Organon Teknika, Durham, N.C.,
USA) for aerobic and anaerobic cultures. The blood was
incubated until bacterial growth was detected, or for 7 days.
Bacteremia was diagnosed when a single blood culture
grew an isolate of organisms, unless the isolate was Staphy-
lococcus epidermidis or coagulase-negative Staphylococ-
cus species. In these cases, diagnosis required isolation
from two or more blood cultures [7].

Statistics

Results are expressed as the mean ± standard deviation.
Statistical analysis was performed with the Fisher exact
probability test and paired and unpaired Student’s t-tests,
where appropriate. P<0.05 was considered statistically
significant.

Results

Demographic characteristics of study patients

Of the 54 patients, ten were excluded because they under-
went only laparotomy based on intraoperative findings of
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peritoneal dissemination, liver metastasis, and/or locally ad-
vanced unresectable tumor. The remaining 44 patients who
underwent curative resection completed the trial; 23 were

assigned to the control group (postoperative enteral feeding
without synbiotics), and 21 were assigned to the synbiotics
group (postoperative enteral feeding including synbiotics).
All patients underwent hemihepatectomy or more extensive
resection with en bloc resection of the caudate lobe and the
extrahepatic bile duct. Combined vascular resection with
reconstruction [3] was performed in seven patients in each
of the two groups. Baseline characteristics were well
matched between the two groups (Table 1).

Routine laboratory results

Postoperative values for hemoglobin, serum total protein,
and serum total bilirubin were equally distributed between
the two groups. White blood cell counts and concentrations
of C-reactive protein were lower in the synbiotics group,
with a significant difference on postoperative day 10 (Table 2).

Lactulose–mannitol ratio and serum diamine oxidase
activity

In both the control and synbiotics groups the L/M ratios
increased significantly, (P<0.05) on postoperative day 2,
and then gradually decreased, returning to the preoperative
value by day 28. Postoperative changes in L/M ratio showed
no intergroup differences (Fig. 1a).

In both the control and synbiotics groups serum DAO
activities decreased significantly (P<0.05) on postopera-
tive day 2, remained low on day 7, and then returned to the
preoperative value by day 28. Postoperative changes in
serum DAO activity were similar between the two groups
(Fig. 1b).

Table 1 Baseline characteristics of patients. No intergroup differ-
ences were found. PHCC perihilar cholangiocarcinoma, GBC gall-
bladder carcinoma involving the hepatic hilus, PTBD percutaneous
transhepatic biliary drainage

Characteristic Control group
(n=23)

Synbiotics group
(n=21)

Gender (male/female) 14/9 15/6
Age (years) 64.9±9.4 62.5±9.9
Body mass index 22.5±3.3 21.3±3.1
Disease (PHCC/GBC) 20/3 20/1
Preoperative PTBD
(presence)

17 (73.9%) 15 (71.4%)

Diabetes mellitus
(presence)

3 (13.0%) 3 (14.3%)

Surgery
Type of hepatectomya

S1, 4, 5, 6, 7, 8 2 0
S1, 5, 6, 7, 8 9 7
S1, 2, 3, 4, 5, 8 2 4
S1, 2, 3, 4 10 10
Combined vascular resection
Portal vein 6 3
Hepatic artery 1 0
Portal vein + hepatic
artery

0 4

Time (min) 662±99 668±138
Blood loss (ml) 1806±852 1757±659
aExpressed as Couinaud’s hepatic segments resected. Note that all
patients underwent en bloc resection of the extrahepatic bile duct,
followed by hepaticojejunostomy

Table 2 Changes in routine lab-
oratory results (POD postopera-
tive day)

*P<0.05 vs control

Parameter Before POD 1 POD 3 POD 7 POD 10 POD 14

Hemoglobin (g/dl)
Control 11.2±1.4 10.4±1.4 9.3±1.4 9.8±1.3 10.0±1.3 10.2±1.1
Synbiotics 11.7±1.2 10.3±0.9 8.9±1.1 9.6±0.8 10.2±1.0 10.0±0.8
Serum total protein (g/dl)
Control 6.7±0.6 4.8±0.4 4.9±0.5 5.3±0.6 5.7±0.7 6.0±0.7
Synbiotics 6.6±0.4 4.5±0.6 4.8±0.4 5.5±0.5 6.1±0.7 6.2±0.7
Serum total bilirubin (g/dl)
Control 1.0±0.5 2.8±1.3 2.8±1.9 2.4±2.4 2.1±2.6 1.7±1.7
Synbiotics 1.0±0.5 2.7±1.5 2.5±1.5 1.8±1.5 1.6±1.3 1.4±1.4
C-reactive protein (g/dl)
Control 2.1±4.0 4.6±1.9 10.3±3.5 4.8±3.6 5.3±4.9 3.6±2.7
Synbiotics 1.5±2.1 5.4±3.3 10.5±4.6 4.7±3.2 2.6±2.0* 2.6±2.8
White blood cells (×103/μl)
Control 5.6±2.0 9.8±3.1 8.5±3.6 9.1±4.3 10.7±5.3 8.0±3.0
Synbiotics 6.1±2.4 9.5±3.2 8.5±3.6 7.4±1.9 7.4±2.1* 7.3±2.3
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Fecal microflora

Total numbers of anaerobic bacteria and the number of
Bacteroidaceae, which were the dominant anaerobic spe-
cies, were unchanged before and after surgery in both
control and synbiotics groups (Table 3). Numbers of bene-
ficial bacteria, including Bifidobacteria and Lactobacilli,
were increased in the synbiotics group after surgery, while
they were decreased in the control group (Fig. 2a). In
contrast, numbers of harmful microorganisms, including
Enterobacteriaceae, Pseudomonas, and Candida, were de-
creased in the synbiotics group but were increased in the
control group (Fig. 2b). Numbers of Enterococci were in-

creased after surgery in both groups, without intergroup
differences.

In the synbiotics group, Lactobacillus casei strain Shirota
and Bifidobacterium breve strain Yakult, which were ad-
ministered postoperatively as Yakult BL Seichōyaku, were
confirmed to be isolated from feces, indicating that these
two beneficial bacteria had colonized the intestine.

Fecal organic acid concentrations

Total organic acid concentrations in the control group had
decreased from 87.1±39.0 μmol/g to 44.1±18.5 μmol/g of
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Fig. 1 Lactulose/mannitol ra-
tios (a) and serum diamine ox-
idase activities (b) before and
after hepatectomy. Open circles
patients without synbiotics
(control group), filled circles
patients with synbiotics (syn-
biotics group). *P<0.05 vs be-
fore hepatectomy. Results are
expressed as means ± SD

Table 3 Fecal microflora before and after hepatectomy. The results are expressed as the mean ± SD (log10 CFUs/g of feces)

Parameter Before hepatectomy 7 days after hepatectomy 28 days after hepatectomy

Control group Synbiotics group Control group Synbiotics group Control group Synbiotics group

Total anaerobe counts 10.6±0.5 10.7±0.6 10.6±0.6 10.8±0.4 10.7±0.9 11.0±0.5
Bacteroidaceae 10.4±0.7 9.8±1.2 10.2±0.8 10.2±0.6 10.5±0.5 10.5±0.7
Lectinase positive Clostridium 3.1±2.0 3.3±2.2 2.8±1.6 2.6±1.8 2.8±1.6 2.2±0.7†

Bifidobacterium 9.7±1.1 9.6±1.2 8.3±1.8† 10.2±0.9* 8.8±2.4 10.7±0.4†*
Enterococcus 8.0±1.3 7.9±1.5 8.7±1.1† 8.6±1.0† 8.7±1.1† 8.9±0.7†

Lactobacillus 6.3±1.8 5.6±2.3 4.3±1.9† 7.2±1.6†* 6.0±1.7 7.4±1.0†*
Staphylococcus 3.5±1.3 3.8±1.5 3.2±1.0 3.6±1.3 3.5±1.2 3.6±1.0
Enterobacteriaceae 7.5±1.0 7.6±1.1 8.3±1.0† 7.0±1.6* 8.3±1.0† 6.7±1.2†*
Bacillus 2.7±1.1 3.0±1.9 2.1±0.5 2.2±0.9 2.8±1.2 2.9±1.3
Pseudomonas 2.5±1.2 2.6±1.5 3.5±2.1† 2.3±1.2* 2.7±1.3 2.1±0.4
Candida 4.1±1.4 3.7±1.6 4.9±1.7† 3.2±1.5* 4.7±1.7† 3.1±1.1*
Lactobacillus casei strain Shirota – – – 7.1±0.9 – 7.3±1.1
Bifidobacterium breve strain Yakult – – – 7.4±1.4 – 7.5±1.2

*P<0.05 vs control group
†P<0.05 vs before hepatectomy
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feces on postoperative day 7 (P<0.05); these then increased
but remained significantly low (P<0.05) compared to pre-
operative concentrations, even on day 28. In contrast, total
organic acid concentrations in the synbiotics group had
increased on day 7 and then increased further, reaching
105.6±34.0 μmol/g of feces on day 28 (P<0.05). Thus,
total organic acid concentrations on days 7 and 28 were
significantly (P<0.05) higher in the synbiotics group than
in the control group. Changes in concentrations of short-
chain fatty acids (SCFAs), including acetic acid, propionic
acid, and butyric acid, paralleled changes in total organic
acid concentrations in both groups (Table 4; Fig. 3).

Surgical outcome

Several kinds of infectious complications occurred after
surgery, including bacteremia, intra-abdominal abscess, wound
infection, and pneumonia. Urinary tract infection did not
develop in any patient. The incidence of each complication
was less frequent in the synbiotics group. Of the 23 control
patients, 12 (52.2%) had postoperative infectious complica-
tions, while only four (19.0%) of the 21 synbiotics patients
had infectious complications (P<0.05). Consequently, post-
operative hospital stay and cumulative duration of antibiotic
therapy were shorter in the synbiotics group than in the
control group, although the difference was not statistically
significant. All patients tolerated surgery and were dis-
charged from the hospital in good condition (Table 5).
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Fig. 2 Numbers of beneficial
bacteria (a) and harmful bacteria
(b) before and after hepatecto-
my. Bifidobacteria in control
(open circles) and synbiotics
(filled circles) groups; Lactoba-
cilli in control (open squares)
and synbiotics (filled squares)
groups; Enterobacteriaceae in
control (open triangles) and
synbiotics (filled triangles)
groups; Candida in control
(open diamonds) and synbiotics
(filled diamonds) groups; Pseu-
domonas in control (open stars)
and synbiotics (filled stars)
groups. *P<0.05 between the
two groups. †P<0.05 vs before
hepatectomy

Table 4 Fecal organic acid concentrations before and after hepatectomy. The results are expressed as the mean ± SD (μ mol/g of feces)

Acid Before hepatectomy 7 days after hepatectomy 28 days after hepatectomy

Control group Synbiotics group Control group Synbiotics group Control group Synbiotics group

Total organic acids 87.1±39.0 75.7±35.1 44.1±18.5† 89.3±19.1* 63.6±30.8† 105.6±34.0†*
Acetic acid 49.8±23.4 46.8±26.3 22.2±10.7† 56.3±14.6* 36.2±18.1† 68.8±22.7†*
Propionic acid 17.4±10.7 15.5±7.7 5.0±5.6† 15.2±10.4* 11.9±8.0† 16.6±7.9*
Butyric acid 8.9±7.6 7.5±5.2 2.8±3.5† 7.0±4.1* 4.8±4.7† 11.0±7.0†*
Isobutyric acid 1.4±1.7 0.8±1.1 0.6±1.0 0.9±1.2 0.7±1.3 0.8±1.3
Succinic acid 3.5±8.7 1.6±2.9 9.1±16.0 1.8±3.5 4.5±7.8 1.8±2.8
Lactic acid 0.4±0.7 0.2±0.5 0.6±1.2 4.1±5.0* 1.1±2.5 3.4±4.8
Formic acid 0.5±1.1 0.6±0.8 1.3±2.4 1.3±1.7 1.2±2.8 0.9±1.9
Isovaleric acid 2.4±2.4 1.3±1.6 0.8±1.4† 1.3±1.4 1.1±1.9 1.3±2.3
Valeric acid 1.6±2.2 0.3±0.7 0.3±0.9† 0.7±1.4 0.9±1.9 0.3±0.8
pH 6.5±0.8 6.8±0.8 6.5±0.7 6.5±0.8 6.6±0.9 6.3±0.7

*P<0.05 vs control group
†P<0.05 vs before hepatectomy
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Several kinds of microorganisms were isolated from in-
fectious foci. Enterobacter species were the most common
pathogens, followed by Enterococcus species. The total
number of isolations of Enterobacteriaceae, including En-
terobacter, Serratia, Morganella, and Citrobacter, in the
control group was more than double the total in the
synbiotics group (nine vs four; Table 6).

Discussion

This prospective randomized study clearly demonstrated
that early enteral nutrition, with combined use of viable
probiotic bacteria and galacto-oligosaccharides as prebio-
tics, can achieve a significant reduction in infectious com-
plications after high-risk hepatectomy. Three important
randomized studies on the effect of probiotics in surgical
patients were reported recently [14–16]. One study by,
McNaught et al. [14], failed to demonstrate a beneficial
effect; the incidence of bacterial translocation (12% vs
12%) and septic morbidity (15% vs 13%) were almost
the same in control and treatment groups. Reasons for a
negative result might include less-invasive surgery (e.g.,
colectomy or resection of the small intestine) and use of
probiotic bacteria without the addition of prebiotics. On the
other hand, the remaining two studies, by Rayes et al. [15,
16], in which fiber-enriched enteral nutrition, including
viable Lactobacilli, was administered, demonstrated a sig-
nificant reduction of postoperative infectious complica-
tions. In particular, their study in liver transplant recipients
[15] demonstrated a sepsis rate of 48% (15/32) in patients
receiving standard enteral nutrition, compared with only
13% (4/31) in patients receiving the fiber-enriched enteral
nutrition including Lactobacilli. Our results are consistent
with their observations, strongly suggesting a beneficial ef-
fect of synbiotics in surgical patients, especially those un-
dergoing high-risk surgery such as liver transplantation or
hepatectomy for biliary cancer.

Early enteral feeding after severe burn injury or major
surgery prevents hypermetabolism [26] and maintains im-
munocompetence [27]. Further, enteral feeding is reported

Table 5 Postoperative infectious complications, hospital stay, and
mortality

Parameter Control
group
(n=23)

Synbiotics
group (n=21)

P

Patients with any infectious
complications (n)

12 (52.2%) 4 (19.0%) 0.031

Bacteremia 4 (17.4%) 1 (4.8%)
Intra-abdominal abscess 4 (17.4%) 2 (9.5%)
Wound infection 6 (26.1%) 3 (14.3%)
Pneumonia 1 (4.3%) 0
ICU stay (days) 1.3±0.7 1.3±0.9 0.952
Postoperative hospital stay
(days)

47.0±19.2 36.9±16.4 0.069

Cumulative length of antibiotic
therapy (days)

15.7±13.9 10.4±7.4 0.123

Patients with antibiotic use for
therapeutic reasons (n)

14 (60.9%) 7 (33.3%) 0.081

Deaths 0 0

Table 6 Microorganisms isolated from infectious foci. Numbers in
parentheses indicate multiple isolations

Focus Control group Synbiotics group

Blood Enterobacter cloacae Morganella
morganii

Enterobacter
aerogenes
Serratia marcescens
Staphylococcus
epidermidis

Intra-abdominal
abscessa

Enterobacter cloacae
(3)

Serratia marcescens
(2)

Enterococcus faecalis Citrobacter kosri
Serratia marcescens

Wounda Enterobacter cloacae
(2)

Enterococcus
faecium

Enterococcus faecalis
(4)

Staphylococcus
aureus (2)

Enterococcus faecium
aIncluding mixed infections
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Fig. 3 Organic acid concentrations before and after hepatectomy.
Total organic acids in control (open circles) and synbiotics (filled
circles) groups; acetic acid in control (open squares) and synbiotics
(filled squares) groups; propionic acid in control (open triangles)
and synbiotics (filled triangles) groups. *P<0.05 between the two
groups. †P<0.05 vs before hepatectomy
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to reduce septic complications, shorten hospital stays, and
reduce the risk of death [28]. These findings indicate that
enteral nutrition is preferable to parenteral nutrition. How-
ever, it is often impossible to provide nutritional support in
surgical patients solely by enteral feeding. High-volume
enteral feeding after surgery often causes abdominal full-
ness, nausea, and diarrhea, necessitating discontinuation
of enteral feeding. Omura et al. [29] reported that, in rats,
enteral feeding corresponding to only 15% of the total
caloric intake could prevent an increase in intestinal per-
meability and bacterial translocation. They recommended
combined nutritional support, consisting of parenteral nu-
trition and a small amount of enteral feeding, for surgical
patients. In the present study we also used early low-vol-
ume enteral feeding combined with parenteral nutrition.
All patients tolerated this modest enteral feeding well.

Among many probiotic bacteria used worldwide, we
chose Bifidobacterium breve strain Yakult and Lactobacil-
lus casei strain Shirota. These species were established as
probiotics in Japan several decades ago and have a long
history of use in humans, without severe complications.
Another advantage of these organisms is availability of
specific monoclonal antibodies that can detect them by im-
munological techniques [24, 30]. Importantly, the admin-
istered probiotic bacteria were detected at high levels in
the feces of our patients.

We determined the L/M ratio (lactulose–mannitol test)
and serum DAO activity to assess intestinal integrity. The
lactulose–mannitol test is used to assess intestinal perme-
ability [31]. DAO (EC 1.4.3.6), an intracellular enzyme
catalyzing oxidation of diamines, exists in high concen-
trations in the intestinal mucosa. Serum DAO activity has
been found to be proportional to the amount of intestinal
DAO, making it a reliable marker of intestinal mucosal
integrity [32]. While the previously used method for serum
DAO analysis [32] required systemic heparinization, the
method used in the present study does not. Measuring
serum DAO activity by the newer method [19] is an easy,
sensitive, and practicable way to assess the mucosa. The
present study showed a significant increase in L/M ratios
and decrease in DAO activities after surgery, and the ex-
tent of postoperative changes in these parameters were
similar between the control and synbiotics groups. These
findings suggest that use of synbiotics does not reduce
the extent of physical damage to intestinal mucosa after
surgery.

Bacterial analysis of stool is a long, complex procedure.
Bacterial concentrations differ, depending on the intesti-
nal segment from which samples are taken. Furthermore,
analysis of samples rather than 24-h stool collections may
certainly result in loss of some information, as artificial
nutrition is known to modify the volume of daily stools
[33]. Nevertheless, sampling of feces is the most practi-
cable approach, because more systematic stool collection
is often difficult in surgical patients, and sampling still
provides important information concerning the intestinal

microflora [34]. The technique that we used here provided
detailed information about the fecal microflora; measure-
ment of organic acids also contributed to bacterial identi-
fication [35]. To our knowledge, this is the first report to
fully describe postoperative changes in fecal microflora
and organic acids in surgical patients.

An important finding of this study is that use of syn-
biotics notably changed the fecal microflora of surgical
patients. In the control group, beneficial bacteria, including
Bifidobacteria and Lactobacilli, decreased postoperatively,
and harmful microorganisms, including Enterobacteriaceae,
Pseudomonas, and Candida, increased after surgery. In the
synbiotics group, however, trends were totally opposite;
beneficial bacteria increased and harmful microorganisms
decreased. Our results strongly suggest that synbiotics use
improves the intestinal microbial imbalance induced by
surgical stress, leading to fewer postoperative infections.
Harmful bacteria form certain putrefactive substances, in-
cluding ammonia, hydrogen sulfate, amines, phenols, indoles,
and secondary bile acids [33], which may injure the in-
testine and have more generalized toxicity. On the other
hand, lactic acid-producing bacteria, such as Bifidobacteria
and Lactobacilli, are considered beneficial bacteria, ferment
carbohydrate to produce lactic acid, but do not produce
putrefactive products. In addition, these beneficial bacteria
are reported to stimulate various immune functions, show-
ingmitogenic activity [36], adjuvant activity [37], enhanced
macrophage activation [38], enhancement of antibody [39]
and interferon production [38], and even an anti-tumor
effect [40]. Beneficial intestinal flora protect the intestinal
tract from proliferation of harmful bacteria, while harmful
bacteria manifest pathogenicity when host resistance is
decreased [33]. Considering these findings, increasing ben-
eficial bacteria and decreasing harmful bacteria are im-
portant for maintaining host defenses, especially during
recovery from major surgery.

SCFAs such as acetate, propionate, and butyrate are end
products of microbial fermentation of indigestible carbo-
hydrates that reach the colon. These play various impor-
tant roles in the colon, including activation of epithelial
proliferation [41], stimulation of intestinal motility [42],
and enhancement of epithelial mucin secretion [43], as well
as being an energy source of the epithelial cells. Colonic
SCFAs, thus, possibly have beneficial effects on epithelial
cells integrity and may be involved in a defense system of
the colon. Fecal SCFAs concentrations in the control group
markedly decreased postoperatively, suggesting impair-
ment of microbial fermentation of carbohydrates. An in-
crease in SCFAs, coupled with an increase in beneficial
bacteria in the synbiotics group, suggests that use of syn-
biotics contributes to maintenance of the levels of SCFAs in
colonic contents after surgery. As expected, the galacto-
oligosaccharides administered were used as a substrate not
only by the administered probiotic bacteria but also by
indigenous beneficial bacteria.
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Conclusion

In conclusion, use of synbiotics, combined with early en-
teral nutrition, can reduce postoperative infections. This ben-
eficial effect most likely results from correction of an
intestinal microbial imbalance induced by surgical stress.

The synbiotics therapy presented here, including two pro-
biotics (Bifidobacterium breve and Lactobacillus casei)
together with a prebiotic (galactooligosaccharides), is prom-
ising as a contribution to patient management following
high-risk liver surgery.
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