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Abstract

Purpose Infectious complications, particularly post-transplant sepsis, have a critical impact on postoperative outcomes.
This study examined the effects of perioperative synbiotic treatment on postoperative outcomes in patients receiving early
enteral nutrition.

Methods We reviewed 210 living-donor liver transplantation procedures and retrospectively analyzed the postoperative
outcomes with and without perioperative synbiotic treatment (live lactic acid bacteria, bifidobacteria, and oligosaccharides)
5 days before and after living-donor liver transplantation.

Results The synbiotic group (n=34) had significantly fewer male donors (38.2% vs. 61.9%, p=0.011) and a higher pro-
portion of ABO-incompatible grafts (52.9% vs. 25.6%, p=0.021) than the non-synbiotic group (n=176). The incidence of
sepsis was significantly lower in the synbiotic group than in the non-synbiotic group (0% vs. 7.4%, p=0.029), with a lower
incidence rate of sepsis due to bacteremia with intestinal bacteria (0% vs. 4.6%, p=0.089). There were no significant differ-
ences in the proportions of acute rejection, small-for-size graft syndrome, or postoperative liver function between the two
groups. Furthermore, there was no significant difference in the graft survival rates after LDLT between two groups. (p =0.24).
Conclusion Perioperative synbiotic treatment prevents post-transplant sepsis, even with early enteral nutrition.
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Abbreviations

BMI Body mass index

GV Graft volume

LDLT Living-donor liver transplantation
LT Liver transplantation

with mortality in almost 50% of cases [2]. To improve
postoperative outcomes after living-donor LT (LDLT), we
attempted to reduce the incidence of postoperative bacte-
rial infection through two strategies: early enteral nutrition
after LDLT [3] and preemptive thoracic drainage [4]. Early

POD  Postoperative day enteral nutrition reduced the occurrence rate of postopera-
RTBD Retrograde transhepatic biliary drainage tive sepsis, and preemptive thoracic drainage reduced post-
SLV Standard liver volume LDLT pulmonary complications, resulting in an improved
graft survival rate compared with previous years. However,
despite these successes, further efforts are needed to improve
Introduction the postoperative outcomes.

Synbiotics, named by Gibson and Roberfroid in 1995 [5],

Bacterial infections after liver transplantation (LT) occur in
70% of recipients [1]. Bacterial sepsis after LT is a signifi-
cant problem that must be addressed because it is associated
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are a combination of probiotics and prebiotics. Probiotics are
beneficial bacteria such as Bifidobacterium and Lactobacil-
lus that increase intestinal motility and stabilize the intesti-
nal barrier against bacterial translocation [6, 7]. Prebiotics
are non-digestible food ingredients (fiber) that stimulate the
proliferation of beneficial bacteria such as Bifidobacterium
in the large bowel and also serve as nutritional sources for
probiotic organisms in the colon. Recent literature has shown
that synbiotic treatment has positive effects in abdominal
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surgery, including LT, as well as in liver disease [6—12].
In our examination of LDLT, we found only two previous
reports that revealed a reduction in infectious complications
with a combination of 2 days of pre-transplant and 2 weeks
of post-transplant synbiotic treatment [8, 9].

In this study, we evaluated the impact of perioperative
synbiotic treatment administered 5 days before and after
LDLT on reducing the occurrence of infectious complica-
tions, especially postoperative sepsis, as well as the cur-
rent status of sepsis-causing organisms after the introduc-
tion of both early enteral nutrition and preemptive thoracic
drainage.

Methods
Study design and patients

This retrospective cohort study assessed the impact of peri-
operative synbiotic treatment on postoperative outcomes
of adult-to-adult LDLT. We retrospectively reviewed 210
patients who underwent adult-to-adult LDLT at Kyushu Uni-
versity Hospital between January 2018 and October 2023.
The study protocol was approved by the Institutional Review
Board of Kyushu University Hospital (2022-146) and con-
ducted in accordance with the Declaration of Helsinki and
Istanbul. Written informed consent was obtained from all
patients using an opt-out method.

The synbiotic treatment protocol started with eligible
recipients on oral administration of Super synbiotics LBG-
P™ or Synprotec™ (Yakult Honsha, Tokyo, Japan), which
contained 1 g of live lactic acid bacteria and bifidobacteria

(1x 103 living Lacticaseibacillus paracasei strain Shirota
and 1x 10® living Bifidobacterium breve strain Yakult),
and a sachet of 6.8 g oligosaccharides, taken three times
per day starting 5 days before LDLT and continuing 5 days
after LDLT either orally or through a transnasal feeding
tube placed intraoperatively in the proximal jejunum. We
enrolled recipients who could receive preoperative admin-
istration as per the protocol and desired perioperative syn-
biotic treatment at their own expense into the synbiotic
group. A flowchart of the study design is shown in Fig. 1.

Graft selection criteria, surgical procedure,
and postoperative management

Our graft selection criteria for adult-to-adult LDLT have
been described previously [13, 14]. The surgical proce-
dures for both donors and recipients have been previously
described [15-18], similar to the postoperative manage-
ment protocol [17, 18]. Recipients were administered
cefazolin and cefotaxime as prophylactic antibiotics for
2 days after LDLT. The central venous catheter is usually
removed within 5 days unless continuous hemodiafiltration
is introduced or a peripheral catheter is difficult to place.
Immunosuppression was initiated with a protocol based
on corticosteroids, mycophenolate mofetil, and either
tacrolimus or cyclosporine A. Everolimus treatment was
initiated 1 to 3 months after LDLT. In ABO-incompatible
recipients, rituximab (anti-CD20 antibody) was adminis-
tered 3 weeks before transplantation, and mycophenolate
mofetil was started 1 week before transplantation. Double
blood cultures were obtained when the patient had a high
fever or shivering chills.

Adult-to-adult LDLT recipients

Enrollment between January 2018 and October 2023
(n=211)
. Non-synbiotics group Synbiotics group
Allocation (n = 176) (n = 35)
One excluded owing to
failure to administer synbiotics
as per protocol
. Non-synbiotics group Synbiotics group
Analysis (n = 176) (n = 34)

Fig.1 The flowchart of the study design. LDLT living-donor liver transplantation
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Early enteral nutrition and preemptive thoracic
drainage

To prevent postoperative infectious complications, we pro-
vided early enteral nutrition after LDLT [3, 19] and inserted
preemptive thoracic drainage tubes [4] for all recipients in this
cohort. Enteral nutrition (polymeric formula) was provided
through a transnasal feeding tube placed intraoperatively
in the proximal jejunum on the first postoperative day after
LDLT. When the recipient could eat 50% of their regular diet,
enteral feeding was discontinued. A thoracic drainage tube
was inserted intraoperatively under direct visualization to
prevent postoperative bleeding. Continuous drainage of pleu-
ral effusions reduces the risk of atelectasis and postoperative
pneumonia.

Definitions

Sepsis was defined as the isolation of bacteria from simultane-
ously positive double blood cultures, excluding contamination
within the post-transplant hospitalization period, along with
clinical symptoms, including a high fever, shivering, dyspnea,
altered mental status, tachycardia, and hypotension [3]. Sep-
sis due to bacteremia with intestinal bacteria was defined as
sepsis resulting from pathogenic organisms in the intestinal
tract without other sources of fever (cholangitis, urinary tract
infection, aspiration pneumonia, etc.), which was diagnosed
by a routine examination for a high fever consisting of a blood
examination, urinalysis, radiography, and computed tomogra-
phy (CT) if necessary.

Statistical analyses

All statistical analyses were performed using SAS software
(JMP 16.0.0; SAS Institute Inc., Cary, NC, USA). Our meth-
ods for identifying possible predictors and choosing variables
are based on both our previous studies and global research.
Categorical variables were compared using the X2 test or
Fisher’s exact test; continuous variables were compared using
the parametric ¢ test or Mann—Whitney U test, and expressed
as mean + standard deviation. Logistic regression analysis
was conducted to determine the independent risk factors for
sepsis occurrence after LDLT with univariate and multivari-
ate analyses. The graft survival rate was analyzed using the
Kaplan—Meier method and compared using the log-rank test.
Differences were considered statistically significant at p <0.05.

Results

Clinical characteristics of recipients who received
perioperative synbiotic treatment

We reviewed 210 recipients, 34 (16.2%) of whom were
enrolled in the synbiotic group. One recipient was
excluded from the analysis owing to failure to administer
synbiotics as per the protocol. The clinical characteris-
tics of the synbiotic (n=34) and non-synbiotic (n=176)
groups are summarized in Table 1. The synbiotic group
had a significantly lower proportion of male donors (38.2%
vs. 61.9%, p=0.011) and a higher proportion of ABO-
incompatible grafts (52.9% vs. 25.6%, p=0.021) than the
non-synbiotic group. There were no significant differences
between the two groups in any other recipient, donor,
or operative factor, including the biliary reconstruction
method. Regarding postoperative biliary complications,
all patients in this cohort had an RTBD tube that left over
each biliary anastomosis site during the post-transplant
hospitalization period; therefore, we could not detect bil-
iary stricture. In contrast, the proportion of bile leakage
was 2.9% in the synbiotic group and 5.1% in the non-syn-
biotic group (p =0.56).

Impact of perioperative synbiotic treatment
on post-LDLT outcomes

To clarify the impact of perioperative synbiotic treatment,
we compared post-LDLT outcomes between synbiotic and
non-synbiotic groups. The incidence of sepsis was sig-
nificantly lower in the synbiotic group than in the non-
synbiotic group (0% vs. 7.4%, p=0.029), with a lower
incidence rate of sepsis due to bacteremia with intestinal
bacteria (0% vs. 4.6%, p=0.089) (Fig. 2A). Regarding
other infectious complications, the rate of pneumonia was
significantly lower proportion in the synbiotics group than
in the non-synbiotics group (0% vs. 6.8%, p=0.036), and
two cases in the non-synbiotics group led to sepsis. There
were no significant differences in the occurrence of intra-
abdominal (2.9% vs. 13.1%, p=0.052) or urinary tract
infections (0% vs. 3.4%, p=0.14) between the groups.
There were no significant differences in the occurrence
rates of acute rejection or small-for-size graft syndrome
between the groups (8.3% vs. 4.6%, p=0.34 and 17.7%
vs. 10.8%, p=0.29, respectively) (Fig. 2B and C). With
respect to short-term outcomes, there were no signifi-
cant differences in the total bilirubin level (4.6 +2.8 vs.
4.8 +3.4 mg/dl, p=0.81 and 4.7 £5.0 vs. 4.3 +5.6 mg/
dl, p=0.68, respectively) or prothrombin time/interna-
tional normalized ratio (1.10+0.12 vs. 1.10+0.13 mg/dl,
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Table 1 Clinical characteristics

of LDLT recipients (Sny:l;i;);ics group glo:ls;/g;)iotics group p value

Recipient factors
Age, years 56.7+9.3 56.6+11.8 0.96
Male sex 21 (61.8) 79 (44.9) 0.071
BMI, kg/m? 25.2+4.8 24.4+3.9 0.27
NLR 3.58+2.64 4.69+5.03 0.25
MELD score 16.3+3.9 17.3+7.3 0.43

Primary disease 0.30
Hepatocellular disease 27 (79.4) 124 (70.5)
Cholestatic disease 6 (17.7) 37 (21.0)
Acute liver failure 0(0) 9(5.1)
Others 1(2.9) 6(3.4)

The proportion of preoperative oral adminis- 34 (100) - -
tration of synbiotics

Donor factors
Age, years 419+11.1 40.6+9.8 0.51
Male sex 13 (38.2) 109 (61.9) 0.011
ABO-incompatible graft 18 (52.9) 45 (25.6) 0.021
Graft type, right lobe 26 (76.5) 110 (62.5) 0.11
GV/SLV, % 43.5+9.0 42.9+10.1 0.92
GRWR, % 0.80+0.21 0.81+£0.21 0.80

Operative factors
Operative time, min 705+ 126 671+123 0.16
Blood loss, L 4.24+3.19 4.74+4.82 0.56
Portal venous pressure at closure, mmHg 142432 14.6+3.3 0.50
Splenectomy 30 (88.2) 143 (81.3) 0.31
Biliary reconstruction, Roux-en-Y, % 2(5.9) 5(2.8) 0.41

Data are presented as the mean + standard deviation or n (%)

BMI body mass index, GV graft volume, GRWR graft-to-recipient weight ratio, LDLT living-donor liver
transplantation, MELD Model of End-Stage Liver Disease, NLR neutrophil-to-lymphocyte ratio, SLV stand-

ard liver volume

p=0.97and 1.08+0.11 vs. 1.07 +0.11 mg/dl, p=0.62,
respectively) on postoperative days (PODs) 7 and 14
between the synbiotic and non-synbiotic groups (Fig. 2D).
There were also no significant differences in the duration
of central venous catheter placement (4.0 + 3.4 days vs.
6.5+ 19.5 days, p=0.47) and postoperative hospital stay
(32.6 +10.0 days vs. 41.3+57.3 days, p=0.39) between
the synbiotic and non-synbiotic groups. The graft sur-
vival rates at 1 and 6 months after LDLT were 100.0%
and 100.0%, respectively, in the synbiotic group, and
97.7% and 95.9%, respectively, in the non-synbiotic group
(p=0.24) (Fig. 2E). Re-transplantation was not performed
in this cohort, and the graft survival rate coincided with
the overall survival rate.
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Impact of perioperative synbiotic treatment
on postoperative sepsis occurrence

To identify independent risk factors for postoperative sepsis
occurrence after LDLT under early enteral nutrition, we per-
formed univariate and multivariate analyses that revealed that
a recipient age of > 65 years old and a lack of synbiotic treat-
ment were independent risk factors (Table 2).
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Fig.2 Postoperative outcomes of perioperative synbiotic treatment
in LDLT. A The incidence of sepsis was significantly lower in the
synbiotics group than in the non-synbiotics group (p=0.029) with a
lower incident rate of sepsis due to bacteremia with intestinal bacteria
(»p=0.089). B, C There were no significant differences in the occur-
rence rate of acute rejection or small-for-size graft syndrome between
the groups (p=0.34 and p=0.29, respectively). D There were no sig-

Status of sepsis-causing organisms
after the introduction of early enteral nutrition
and preemptive thoracic drainage

In this study, 13 recipients developed sepsis after LDLT.
Blood culture tests identified 37 causative organisms belong-
ing to 21 species that caused post-LDLT sepsis under early
enteral nutrition and preemptive thoracic drainage. The
details of sepsis-causing organisms are summarized in Fig. 3.
Enterococcus spp. (n=38; faecium [n=35], faecalis [n=2],
and raffinosus), Staphylococcus spp. (n=38; epidermidis
[ =3], aureus [methicillin-resistant staphylococcus aureus:
n=2], capitis [n=2], and haemolyticus), Klebsiella spp.
(n=1T; pneumonia [extended-spectrum f-lactamase (ESBL):
n=3], oxytoca [n=2: ESBL and metallo -lactamase], and
aerogenes [n=2]), Stenotrophomonas maltophilia (n=3),
Candida spp. (n=2; albicans and krusei), Escherichia coli

Postoperative duration (months)

nificant differences between the groups in the total bilirubin level or
prothrombin time/international normalized ratio on PODs 7 and 14. E
The graft survival rates of the two groups were not significantly dif-
ferent (p=0.24). LDLT living-donor liver transplantation; POD post-
operative day; 7.Bil total bilirubin; PT-INR prothrombin time/interna-
tional normalized ratio

(ESBL: n=2), Pseudomonas spp. (n=2; aeruginosa and
luteola), Serratia spp. (n=2; marcescens and plymuthica),
Acinetobactor baumannii, Cutibacterium acnes, and Lacto-
bacillus spp. (all n=1) were identified.

Discussion

In this study, perioperative synbiotic treatment signifi-
cantly reduced the occurrence rate of post-LDLT sepsis
(0% vs. 7.4%, p=0.029) when the incidence of sepsis
had already been reduced through the use of early enteral
nutrition and preemptive thoracic drainage. There were no
significant differences in the post-LDLT liver function or
the occurrence rate of post-LDLT critical complications
such as acute rejection and small-for-size graft syndrome
(p=0.34 and p=0.29, respectively) between the synbiotic
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Table 2 Independent risk
factors for sepsis occurrence

Univariate analysis

Multivariate analysis

after LDLT with early enteral Odds ratio  95% CI pvalue Oddsratio 95% CI p value
nutrition and preemptive
thoracic drainage Recipient age > 65 years 4.72 1.43-18.27 0.011 4.71 1.41-18.33  0.012
Recipient sex: male 0.67 0.20-2.08 0.49
MELD score> 15 pts 0.96 0.31-3.08 0.95
Hepatocellular disease 1.32 0.39-6.01 0.67
Cholestatic disease 1.18 0.26-4.06 0.81
Splenectomy 1.08 0.31-5.00 0.91
Donor age > 40 years 0.52 0.14-1.65 0.27
Donor sex: male 1.16 0.38-3.97 0.79
ABO-incompatible graft 0.41 0.062-1.57 0.21
Graft type, right lobe 1.24 0.39-4.71 0.73
GV/SLV <40% 0.96 0.28-3.11 0.95
GRWR <0.8% 0.55 0.16-1.79  0.32
No synbiotic administration ~ 6.41x10°  2.249¢*'!  0.029  556x10° 1.15 0.037

CI confidence interval, GRWR graft-to-recipient weight ratio, GV graft volume, LDLT living-donor liver
transplantation, MELD Model of End-Stage Liver Disease, SLV standard liver volume

Acinetobactor baumannii
Cutibacterium acnes
Lactobacillus spp.
(n=1,2.7%)

Serratia spp.
(n=2,54%)

Pseudomonas spp.

(n=2,5.4%) Enterococcus spp.

(n=8,21.6%)

Escherichia coli
(n=2,5.4%)

Candida spp.
(n=2,5.4%)

Cn=8,21:6%)

Stenotrophomonas maltophilia
(n=3,8.1%)

Fig.3 Current status of sepsis-causing organisms after LDLT. The
pie chart reveals the sepsis-causing organisms found in 13 recipients.
Enterococcus spp. and Staphylococcus spp. were the most common
(21.6%), followed by Klebsiella spp. (18.9%) and Stenotrophomonas
maltophilia (8.1%). Candida spp., Escherichia coli, Pseudomonas
spp., and Serratia spp. each accounted for 5.4% of the abundance, and
Acinetobactor baumannii, Cutibacterium acnes, and Lactobacillus
spp. each accounted for 2.7%. LDLT living-donor liver transplantation

and non-synbiotic groups. Although the graft survival rate
as a long-term postoperative outcome was not significantly
different (p = 0.24) between the groups, the non-synbiotic
group had longer postoperative hospital stays, suggest-
ing that it is possible to complete the treatment of post-
operative sepsis solely with postoperative management,
although it requires a longer treatment period. Univariate
and multivariate analyses revealed that lack of synbiotic
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treatment was an independent risk factor for post-LDLT
sepsis occurrence.

This study also identified the sepsis-causing organisms
found after LDLT without synbiotic treatment. Bacteria
from the intestinal tract accounted for the majority of the
identified organisms, suggesting that post-LDLT sepsis is
often caused by bacterial translocation. A previous study
[9] revealed an increase in the proportion of Enterococcus
spp. in fecal cultures after LDLT, and the majority of their
sepsis-causing organisms were microorganisms from the
intestinal tract, such as Enterococcus spp. and Candida spp.,
in a slightly smaller control group (n=25) than in this study.
In LT, intraoperative ischemia or congestion of the intestinal
tract related to the surgical technique, portal hypertension,
and usage of antibiotics contribute to disruption of normal
flora, resulting in increased bacterial translocation due to
intestinal immune system dysregulation [20].

The main functions of synbiotic treatment are the imple-
mentation of colonization resistance in pathogenic germs,
improvement of bowel motility and splanchnic blood flow,
stimulation of enterocyte growth and mucus formation, mod-
ulation of intestinal inflammation, stabilization of the intes-
tinal barrier, and stimulation of immune and non-immune
mechanisms through competition with potential pathogens
[7]. As a result, synbiotic treatment has been shown to sig-
nificantly reduce the risk of postoperative infectious com-
plications in patients undergoing elective abdominal surgery
[21].

Regarding the duration of synbiotic administration, in
most previous studies of LT, administration of synbiot-
ics began postoperatively; in two studies, administration
began on the second preoperative day [8, 20]. In contrast,
administration in this study was initiated on the fifth
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preoperative day. Sugawara et al. examined the impor-
tance of preoperative synbiotic treatment [22], showing
that preoperative treatment enhanced immune responses,
attenuated systemic postoperative inflammatory responses,
and improved the intestinal microbial environment, result-
ing in a significant reduction in postoperative infectious
complications compared to patients who did not receive
preoperative intervention (12.1% vs. 30.0%, p <0.05).
Another study revealed that synbiotic treatment for 1 week
significantly increased the number of Bifidobacterium and
Lactobacillus, and the abundance of these organisms in
fecal microflora compared to before administration; how-
ever, there was no significant difference at 1 week and
2 weeks of administration [23]. These results suggest the
importance of preoperative synbiotic treatment for a pre-
cise duration. The 5-day preoperative administration used
in this study could be a strength over the 2-day adminis-
tration used in previous LDLT studies. In addition, the
gut microbiome varies by background disease, ethnicity,
etc. [24]; therefore, this study can add value regarding the
usefulness of synbiotic treatment in LDLT.

The main limitation of this study is its retrospective,
small-cohort, and single-center design. The number of
patients who could be administered treatment 5 days prior
to surgery was limited, and it took time to enroll patients.
In addition, it should be noted that the definition of sepsis
in this study is based on our previous report [3]. We were
also unable to investigate changes in the gut microbiota
after synbiotic treatment. A prospective randomized con-
trol study will be performed in the near future to validate
the results of this study and investigate the changes in the
abundance of these organisms in the fecal microflora.

In conclusion, perioperative synbiotic treatment signifi-
cantly reduced the occurrence of post-LDLT sepsis with-
out adverse effects on postoperative outcomes, even with
early enteral nutrition and preemptive thoracic drainage.
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