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	 Background:	 The impact of treated preoperative bacterial infections on the outcome of living-donor liver transplantation 
(LDLT) is not well defined. The aim of this study was to determine the frequency of pre-transplant bacterial in-
fections within one month before LDLT and their impact on the post-transplant morbidity and mortality.

	 Material/Methods:	 We retrospectively reviewed the records of 50 adult LDLT recipients between January 2009 and October 2011. 
Patients were divided into two groups based on whether they had episodes of bacterial infections within one 
month before LDLT.

	 Results:	 There were 20 patients who required antimicrobial therapy for pre-transplant infections. The pre-transplant in-
fections comprised urinary tract infections (35%), cholangitis (10%), pneumonia (10%), bacteremia (5%), spon-
taneous bacterial peritonitis (5%), acute sinusitis (5%), subcutaneous abscess (5%), and empirical treatment 
(25%). Patients with pre-transplant infections had higher Child-Pugh scores [median, 11 vs. 9.5, P<0.05] and 
model for end-stage liver disease scores [median, 17.5 vs. 14, P<0.05] compared with the other patients. There 
were no correlations between the pathogens involved in the pre-transplant infections and those involved in 
post-transplant infections. The incidence of post-transplant infections was higher in the pre-transplant infec-
tion group within one week after LDLT, but was almost the same within one month after LDLT. The one-year 
survival rates were not significantly different between the groups.

	 Conclusions:	 Although pre-transplant infections are associated with a high risk of postoperative bacterial infection short-
ly after LDLT, they did not affect the short-term outcome when they had been appropriately treated before 
transplantation.
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Background

Infection presents a higher risk when one considers the im-
munosuppression required by patients after transplantation. 
Therefore, patients with an active uncontrolled infection can-
not undergo transplantation. Since deceased donor liver trans-
plantation (DDLT) is usually performed as an emergent sur-
gery, a preceding preoperative evaluation for occult infection 
cannot always be extensively performed. Despite this draw-
back of emergency surgery, some studies have revealed that 
histories of pre-transplant infections do not affect the out-
comes of DDLT [1,2]. However, the outcomes of patients with 
pre-transplant infections have not been clarified in living do-
nor liver transplantation (LDLT). Because of the shortage of 
deceased donors, LDLT has become an important therapeutic 
option for patients with end-stage liver disease. Since LDLT is 
generally performed as an elective surgery, it is possible to op-
timize the timing of transplantation depending on the recip-
ient condition [3]. Patients and medical staff can make ade-
quate preparations, including treatment for occult infections, 
before the operation. However, despite cautious preparation, 
patients may still develop pre-transplant infections, because 
patients with liver cirrhosis have increased susceptibility to 
bacterial infections and a risk of sepsis [1,4].

We usually perform LDLT as scheduled when the patients’ 
pre-transplant infections have been cured with documen-
tation of eradication before the operation. However, if pre-
transplant infections affect the patient outcome in LDLT, it 
would be necessary to reconsider and postpone the opera-
tion. Since postponement of LDLT is often possible, clarifying 
the impact of pre-transplant infections on the post-LDLT out-
comes is important.

The objectives of this study were to examine the details of 
the perioperative infections in LDLT recipients and to assess 
whether pre-transplant infections affect the early post-trans-
plant outcome.

Material and Methods

We retrospectively analyzed 50 adult patients (27 males) who 
had undergone initial LDLT at Nagasaki University Hospital from 
January 2009 to September 2011. All transplantations were ap-
proved by the ethics committee of Nagasaki University Hospital.

Diagnosis of infections

Bacterial infections occurring within one month before LDLT 
were defined as pre-transplant infections in this study. Pre- and 
post-transplant infections were defined according to the criteria 
proposed by the Centers for Disease Control and Prevention [5].

Immunosuppression therapy

The standard immunosuppression regimen comprised tacro-
limus and steroids. The trough level of tacrolimus was adjust-
ed to 10–15 ng/ml until one month after surgery, and was ta-
pered 10 ng/ml or less thereafter. Methyl prednisolone was 
administered at 1 g intravenously (i.v.) just before reperfusion 
during surgery. During the postoperative period, we admin-
istered methyl prednisolone at a dose of 0.5 mg/kg i.v. four 
times a day for the first three postoperative days, followed 
by 0.5 mg/kg twice a day for the next three days. Thereafter, 
the i.v. steroid was switched to oral prednisolone at 0.5 mg/kg 
once a day at seven days after transplantation, and the steroid 
was discontinued by three months after LDLT. Mycophenolate 
mofetil was added for ABO-incompatible LDLT cases and pa-
tients who were intentionally kept at lower trough levels of 
tacrolimus due to renal dysfunction.

Antimicrobial therapy

Antimicrobial prophylaxis comprised cefazolin (4 g/day) and 
ampicillin (4 g/day). These medications were started 30 min-
utes before laparotomy, and continued to be administered for 
48 hours after the operation. The prophylaxis regimen was 
used for patients without pre-transplant infections and pa-
tients with pre-transplant infections who had completed treat-
ment at the time of the operation.

Statistical analysis

The IBM SPSS Statistics 20 software program was used for 
the statistical analyses. The Mann-Whitney U test was used 
to analyze continuous data, and the chi-square test was used 
for categorical data. The overall survival was calculated with 
the Kaplan-Meier method, and data were compared with the 
log-rank test. A multivariate analysis using a Cox proportion-
al hazards model was used to assess the factors predicting 
the survival rate one year after LDLT. We considered a value 
of P<0.05 to be statistically significant.

Results

The characteristics of patients

The indications for liver transplantation were liver cirrho-
sis due to hepatitis virus infection (n=34, 68%), primary bil-
iary cirrhosis (n=4, 8%), primary sclerosing cholangitis (n=3, 
6%), alcoholic liver cirrhosis (n=3, 6%), fulminant hepatic fail-
ure (n=2, 4%), and other diseases (n=4, 8%). Twenty patients 
(40%) had pre-transplant infections. Patients with pre-trans-
plant infections had higher model for end-stage liver disease 
(MELD) scores (median=17.5 vs. 14, P<0.05) and Child-Pugh 
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scores (median=11 vs. 9.5, P<0.05) than patients without in-
fections. The rates of hepatitis virus infections (40% vs. 87%, 
P<0.01) and hepatocellular carcinoma (30% vs. 70%, P<0.01) 
were lower in the pre-transplant infection group. These pa-
tients also had more cholestatic liver diseases, which includ-
ed primary biliary cirrhosis and primary sclerosing cholangitis 
(30% vs. 3.3%, P=0.01). There were no significant differences 
in other indications (Table 1).

Pre-transplant infections

The pre-transplant infections comprised urinary tract infec-
tions (UTI) (n=7, 35%), cholangitis (n=2, 10%), pneumonia 
(n=2, 10%), bacteremia (n=1, 5%), spontaneous bacterial peri-
tonitis (SBP) (n=1, 5%), acute sinusitis (n=1, 5%), and subcu-
taneous abscess (n=1, 5%). The other five patients (25%) did 
not completely match the criteria proposed by the Centers for 

	 Pretransplant infections
P Value

(+) n=20 (–) n=30

Age 	 55	 (30–72) 	 55	 (27–72) 0.789

Gender, male 	 7	 (35%) 	 20	 (66%) 0.028

MELD score 	 17.5	 (9–43) 	 14	 (7–27) 0.028

Child-Pugh score 	 11	 (6–15) 	 9.5	 (5–13) 0.018

 Hepatitis virus infection 	 8	 (40%) 	 26	 (87%) <0.01

Cholestatic liver disease 	 6	 (30%) 	 1	 (3.3%) 0.012

HCC 	 6	 (30%) 	 21	 (70%) <0.01

Operaion time (min) 	 802.5	 (598–1159) 	 802	 (654–1129) 0.961

Blood loss (ml) 	 5700	(1120–17600) 	 4150	 (520–18400) 0.075

Pretransplant dialysis 	 4	 (20%) 	 1	 (3%) 0.076

Pretransplant ICU stay 	 3	 (15%) 	 1	 (3.3%) 0.170

Left lobe graft 	 17	 (85%) 	 20	 (66%) 0.131

Hepaticojejunostomy 	 4	 (20%) 	 1	 (3.3%) 0.076

Incompatible ABO blood type 	 2	 (10%) 	 4	 (13.3%) 0.544

Post LDLT ICU stay (days) 	 5	 (1–36) 	 7	 (2–20) 0.259

Post LDLT hospital stay (days) 	 47.5	 (16–195) 	 47.5	 (17–140) 0.513

Table 1. Characteristics of patients.
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Figure 1. �A comparison of the types of 
infections after LDLT. Pneumonia 
was the most common infection that 
occurred within one week after LDLT. 
UTI and cholangitis were not detected 
during this period. On the other hand, 
bacteremia was the most common 
infection one month after LDLT.
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Infection/Pathogens 0–1 week –1 month N

Bacteremia 5 10 15

	 Pseudomonas aeruginosa 2 4 6

	 Enterococcus faecium 1 1 2

	 Acinetobacter baumannii 1 1

	 Bacteroides fragilis 1 1

	 Enterobacter cloacae 1 1

	 Escherichia coli 1 1

	 Klebsiella pneumoniae 1 1

	 MRCNS 1 1

	 Staphylococcus epidermidis 1 1

Pneumonia 6 2 8

	 Staphylococcus epidermidis 2 2

	 Enterobacter cloacae 1 1

	 Klebsiella pneumoniae 1 1

	 MRSA 1 1 2

Pseudomonas aeruginosa 1 1 2

UTI 0 8 8

	 Enterococcus faecium 3 3

	 Klebsiella pneumoniae 2 2

	 Citrobacter freundii 1 1

	 MRCNS 1 1

	 Staphylococcus epidermidis 1 1

Peritonitis 1 6 7

	 Enterococcus faecium 1 1

	 Enterococcus faecalis 2 2

	 Pseudomonas aeruginosa 2 2

	 Enterococcus raffinosus 1 1

	 Staphylococcus epidermidis 1 1

Cholangitis 0 4 4

	 Enterococcus faecium 4 4

Culture-negative 4 5 9

Table 2. The details of post-transplant infections.

MRCNS – methicillin-resistant coagulase negative staphylococci; UTI – urinary tract infection.
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Disease Control and Prevention [5]. However, all five patients 
were diagnosed to have bacterial infections based on their 
clinical status (fever, chills and elevated levels of inflammato-
ry parameters), and thus were treated empirically. The clinical 
conditions of all patients improved rapidly after the admin-
istration of antimicrobial therapy. No patients had combined 
episodes of infection. Pathogens were detected in 11 of 20 
patients (12 pathogens). Escherichia coli was the most com-
mon pathogen in the pre-transplant period (n=6), followed by 

Enterococcus faecium (n=2), Enterococcus avium (n=1), Proteus 
mirabilis (n=1), Streptococcus epidermidis (n=1), and Methicillin-
resistant Staphylococcus aureus (n=1).

Post-transplant infections

Of the 50 patients, 16 patients (16 episodes) developed post-
transplant infections within one week after LDLT. Pneumonia 
was the most common infection during this period. On the oth-
er hand, 36 of the 50 patients (51 episodes) had post-trans-
plant infections within one month after LDLT. Bacteremia was 
the most common infection during this period (Figure 1). The 
details of the causative bacterial pathogens after LDLT are 
shown in Table 2. Among the patients with pre-transplant in-
fections, the previous pathogens were not found after LDLT 
in any of the patients. The post-transplant infection rate was 
significantly higher in the pre-transplant infection group dur-
ing the first week after LDLT (50% vs. 20%, P<0.05), but was 
not significantly different within one month after LDLT (85% 
vs. 63%) (Table 3).

Patient outcomes

The one-year survival rate tended to be lower in the pre-trans-
plant infection group (65% vs. 86%, P=0.06; Figure 2). A mul-
tivariate analysis showed that a higher MELD score (P<0.05) 
was a significant risk factor for a decreased one-year surviv-
al after LDLT (Table 4). A pre-transplant infection did not sig-
nificantly adversely affect the one-year survival after adjust-
ing for other factors.

Pre-transplant infections
P Value

(+) N=20 (–) N=30

Within 1 week after LDLT 	 10	 (50%) 	 6	 (20%) 0.028

Within 2 weeks after LDLT 	 15	 (75%) 	 16	 (53%) 0.105

Within 1 month after LDLT 	 17	 (85%) 	 19	 (63%) 0.087

Table 3. Incidence of post-transplant infections.

Variable HR (95% confidence interval) P Value

Age (>60) 	 3.77	 (0.34–41.67) 0.279

MELD (>20) 	 28.38	 (1.40–576.45) 0.029 

Child-Pugh (>9) 	 1.81	 (0.21–15.57) 0.587

Hepatitis virus infection 	 1.62	 (0.23–11.61) 0.633

HCC 	 6.91	 (0.64–74.90) 0.112

Incompatible ABO blood type 	 0.17	 (0.010–2.77) 0.210

Pretransplant infections 	 2.77	 (0.43–18.02) 0.286

Table 4. Multivariate analysis for 1 year survival.
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Figure 2. �The survival rates of patients with and without pre-
transplant infections. The one-year survival rate was 
lower in the pre-transplant infection group, but the 
difference was not significant (86% vs. 65%, P=0.06).
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Discussion

In the study, we found that the presence of bacterial infections 
prior to LDLT was not a risk factor for bacterial infections de-
veloping during the first month after LDLT. The one-year sur-
vival rate was lower in the pre-transplant infection group, but 
the rates were not significantly different. We thought that the 
tendency might have been based on the differences in the 
background of the patients, because those with pre-transplant 
infections had higher Child-Pugh scores and MELD scores. In 
fact, the MELD score was the only significant risk factor for 
the one-year survival in this study.

Surgical outcomes are largely influenced by the pre-surgical 
conditions [6], and the MELD score has a crucial role in pre-
dicting early postoperative mortality after DDLT [3,7]. The same 
result was also reported in LDLT [8,9]. However, other stud-
ies have concluded that the MELD score had no correlation 
with graft or patient survival [10–12]. We found that a MELD 
score >20 was associated with a lower one-year survival rate.

The studies concerning the effects of pre-transplant bacterial 
infections have been limited. One study showed that patients 
with an episode of pre-transplant SBP had a higher incidence of 
post-transplant complications, infections, and early transplant 
mortality [13]. On the other hand, three studies concluded that 
a pre-transplant SBP history did not affect the post-transplant 
outcome [2,14,15]. Sun et al. divided their 100 DDLT cases into 
two groups; a pre-transplant infection group (32/100) and a 
non-infection group (68/100). They concluded that pre-trans-
plant infections were not a significant risk factor for poor out-
comes if the post-transplant infections were adequately treated 
[1]. Our study evaluated the influence of preoperative infections 

in LDLT cases for the first time. Despite the difference in their 
backgrounds, our results were almost the same as the previ-
ous reports which examined DDLT patients. Interestingly, pa-
tients with pre-transplant infections had more infectious ep-
isodes within one week after LDLT. We could not determine 
the reason for this phenomenon, but it might reflect the poor-
er general condition of the patients at the time of transplan-
tation. On the other hand, since no patient exhibited a recur-
rent infection with the pre-transplant pathogens in the early 
post-operative period, we considered that the pre-transplant 
infections were successfully treated and the post-transplant 
infections were all new. This result suggested that the treat-
ment of pre-transplant pathogens did not need to be contin-
ued in the post-transplant period. To improve the rate of ear-
ly detection of post-transplant infections, patients should be 
recognized as a group at high risk of bacterial infections. The 
duration of antimicrobial prophylaxis, timing of immunosup-
pressant therapy, and the loading doses should be intensive-
ly discussed considering the patient’s condition.

Conclusions

Pre-transplant infections did not affect the incidence of post-
transplant infections within one month after LDLT, and did not 
affect the one-year survival rate. However, pre-transplant in-
fections were associated with a high risk of post-transplant 
infection within the first week after LDLT.
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