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Objective: To explore the risk factors of intra-abdominal bacterial infection (TAI) after liver transplantation
(LT) in patients with hepatocellular carcinoma (HCC).

Methods: A series of 82 HCC patients who received LT surgeries in our department between March 2004
and April 2010 was recruited in this study. Then we collected and analyzed the clinical data retrospectively.
Statistical analysis system (SPSS) software was adopted to perform statistical analysis. Chi-square test, #-test
and Wilcoxon rank sum test were used to analyze the clinical data and compute the significance of the
incidences of early-stage IAI after LT for HCC patients. Binary logistic regression was performed to screen
out the risk factors, and multiple logistic regression analyses were performed to compute the independent
risk factors.

Results: A scries of 13 patients (13/82, 15.9%) had postoperative IAIL. The independent risk factors of
postoperative intra-abdominal bacterial infections after LT for HCC patients were preoperative anemia
[Hemoglobin (HGB) <90 g/1.] and postoperative abdominal hemorrhage (72 hours >400 mL), with the odds
ratios at 8.121 (95% CI, 1.417 to0 46.550, P=0.019) and 5.911 (95% CI, 1.112 to 31.432, P=0.037).
Conclusions: Postoperative IAI after LT in patents with HCC was a common complication. Preoperative
moderate to severe anemia, as well as postoperative intra-abdominal hemorrhage more than 400 mL within

the first 72 hours might independently indicate high risk of TAI for these patients.
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Introduction

Liver transplantation (LT) has achieved great development
since the 1960s. As the progress of hemostatic techniques,
surgical technique, and immunosuppressive drugs, operation
safety has been further improved, with less postoperative
complications. However, postoperative infection is still a
common complication after LT, whose incidence is up to
66% (1), of which the bacteria infection accounted for about
two-thirds (2). The fatality rate of postoperative infection
is as high as 25-52.9% (3-8), which is even more than
the fatality rate of transplantation rejection (5,9). Among
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others, intra-abdominal infection (IAI) after LT has obscure
symptoms, which is easy to be missed. Meanwhile, its high
incidence up to 12.9% to 37.6% (10-13) makes it all the
more worthy of attention. In China, most of hepatocellular
carcinoma (HCC) patients had a long history of chronic
viral hepatitis, partial of them with liver cirrhosis, or with
liver function insufficient. Furthermore, HCC grew fast,
the nutrition consume increased the burden of the body,
and these comprehensive factors can lead to systemic organ
function decrease. Thus, the risk factors about postoperative
IAI after LT in patients with HCC are fairly complex, it is
very necessary to explore.
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Materials and methods
General information

A series of 82 patients [74 men (90.2%) and 8 women
(9.8%), male:female is 9.25:1] who received orthotopic liver
transplantation (OLT) for hepatocellular carcinoma (HCC)
in our department between March 2004 and April 2010 was
enrolled in this study. Patients aged 28-70 (47.8+9.3) years
old. All the patients had a history of hepatitis, including 79
patients of hepatitis B and 3 patients of hepatitis C. 85.4%
(70/82) patdents had liver cirrhosis, 40.2% (33/82) of them
with liver function insufficient (14 patients with Child B
and 19 patients with Child C) , 8.5% (7/82) of them with
preoperative moderate or severe anemia (HGB <90 g/L),
24.4% (20/82) of them with WBC reduction, 32.9% (27/82)
of them with low PLT. 11.0% (9/82) of them accompanied
with diabetes, and 17.1% (14/82) them had a history of
abdominal surgery.

Preoperative preparation

Routine laboratory examination, including blood, urine,
dung routine, blood coagulation function, blood grouping,
liver function, renal function, hepatitis B/C virus markers
(HBVM), tumor markers, abdominal ultrasonography,
electrocardiogram (EKG), pulmonary function, chest
radiography, gastroscopy upper abdomen CT and MRA.

Operation method

Classic non-bypass (74 cases) or piggyback orthotropic
liver transplantation (PBOLT) (8 cases), with additional
splenectomy (3 cases) or ligation of splenic artery (2 cases).
The donor’s kidney and liver were obtained separately in 12
cases, and together in 70 cases. Mild fatty liver was found in
6 cases, with the others all fat free. Perfusion was performed
via the superior mesenteric vein, portal vein trunk or splenic
vein intubation, abdominal aortic perfusion fluid: renal
liquid 2,000 mL, portal vein: UW solution 4,000 mL, biliary
tract: renal liquid 200 mL. The repairing of the donor liver
and LT were performed by the same personnel. Vascular
anastomosis method: vena cava: hepatic precava and
postcava were sutured by continuous everting suture (CES)
with 3-0 proline and bloodletting; portal vein by CES with
5-0 proline and bloodletting; artery was trimmed into bell
mouth by interrupted suture with 7-0 proline. Bile ducts
with the diameter of 4-12 mm were connected by end to
end interrupted suture with 7-0 continuous proline without
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supporting tube. Only 1 case of bilioenteric anastomosis
was performed in our group.

Postoperative special care

Postoperative special care was performed to every patient in
ICU. Antibiotics were used intra-operation and post-operation
at least 3 consecutive days. Postoperative immunosuppression
protocol was Steroid+tacrolimus+mycophenolate mofetil
(MMF) or basiliximab+tacrolimus+MMF. Postoperative
analgesia pump or subcutaneous injection of pethidine
hydrochloride for analgesia. Patients accepted gastrointestinal
decompression for 2-4 days until anus exhaust. Time to
remove the single cavity drainage tube was that abdominal
drainage volume was less than 10 mL for 3 consecutive days.
Most the patients resumed oral intake within 3-5 days after
operation. Blood tests were done postoperative 1, 3, 5, 7, 10,
14 days including blood routine, liver and renal function,
electrolyte, blood amylase, abdominal fluid amylase.

Assessment

The judgment standard for diagnosis of early postoperative
intra-abdominal infection: abnormal hemogram,
temperature more than 38.5 degree centigrade, with blood
and liquid culture positive, including bacterial enteritis
and fungal enteritis. Diagnosis of postoperative intra-
abdominal obvious hemorrhage was according to the total
volume of peritoneal blood drainage above 400 mL within
the first 72 hours. Postoperative pancreatitis judgment
standard was according to the International Study Group of
Pancreatic Surgery (ISGPS) definition standard (14): patients
with elevated amylase more than twice the upper limit of
normal level, without obvious clinical symptoms or typical
imaging support were diagnosed as hyperamylasemia (15).
Hyoeramylasemia patients with obvious symptoms and
pancreatic morphological change or obvious exudation
confirmed by ultrasonic gram and CT scan were considered
as acute postoperative pancreatitis. Complications
occurred within 30 days were considered as the short term
postoperative complications. None intra-operative death
occurred in this study.

Statistical analysis

SPSS18.0 software was used for statistical analysis. Chi-
square test was used in univariate analysis. Logistic
regression analysis was used in univariate analysis. P<0.05
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was considered statistically significant. According to the
group experience and comprehensive reference, 22 items
were analysis in this group: (I) preoperative factors: gender,
age, abdominal surgery history, diabetes, abdominal cavity
effusion, malignant tumor size and grade of Child-Pugh
score, hypoalbuminemia, preoperative blood test of white
blood cell (WBC), hemoglobin (HGB), platelet (PLT);
(II) intraoperative factors: modus operandi, donor fatty
liver, cold ischemia time, operation time, anhepatic phase,
intraoperative bleeding volume; (III) postoperative factors:
immunosuppressive schemes, severe complications (such as
postoperative intra-abdominal hemorrhage within the first
72 hours, bile leakage, pancreatitis, etc.).

Results
Bacterial types of infection

A series of 13 patients (13/82, 15.9%) in this group had
postoperative IAL. There were 6 patients of G+ bacterial
infection including and 11 patients of G- bacterial infection in
total, including 4 cases of mixed infection. There were 4 types
of G+ infection including 1 case of staphylococcus epidermidis,
2 cases of enterococcus faecalis, 2 cases of staphylococcus
aureus and 1 case of staphylococcus haemolyticus. There
were 6 types of G- infection including 3 cases of acinetobacter
baumannii, 2 cases of pseudomonas aeruginosa, 1 case
of maltophilia aeromonas, 2 cases of klebsiella, 1 case of
enterobacter cloacae and 2 cases of escherichia coli.

Independent risk factors of postoperative IAI

Univariate analysis suggested postoperative IAI rate was
obviously higher in patients with preoperative moderate or
severe anemia (HGB <90 g/L) than the remaining patients,
57.1% 4/7) vs. 12.0% (9/75) (P=0.002). And postoperative
IAI rate was also increased significantly in patients with
obvious postoperative intra-abdominal hemorrhage
(>400 mL within the first 72 hours), 50.0% (4/8) vs.
12.2% (9/74) (P=0.005). The remaining factors, such as
preoperative Child-Pugh grade, preoperative WBC grade,
diameter of tumor, liver cirrhosis, modus operandi, intra-
operative bleeding volume, postoperative bile leakage and
pancreatitis etc., had no significant correlation with IAL
(Univariate analysis of risk factors for postoperative intra-
abdominal infection was shown in Table I).

Sequential analysis of multiple factors suggested that
preoperative anemia (HGB <90 g/L), postoperative intra-
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abdominal hemorrhage (>400 mL within the first 72 hours)
were the independent risk factors of postoperative IAI after
LT in these HCC patients with the odds ratios at 8.121 (95%
CI, 1.417 to 46.550, P=0.019) and 5.911 (95% CI, 1.112 to
31.432, P=0.037). (Multivariate analysis of risk factors for
postoperative intra-abdominal infection was shown in Tizble 2).

Discussion

Preoperative moderate or severe anemia may cause
postoperative IAI through intestinal flora movement

Preoperative moderate or severe anemia was one of the
important risk factors for post-LT IAI in these HCC
patients. The IAI rate was obviously increased in patient
with moderate or severe anemia (57.1% uvs. 12%, P=0.002),
according to the remainder patients. Further multi-factor
analysis showed that preoperative anemia (HGB <90 g/L)
was a independent risk factor for postoperative IAI (P=0.019,
OR: 8.121, 95% CI, 1.417 to 46.550). Postoperative IAl is a
common complication after L'T; in which bacterial infection
forms the majority. The main reason of infection is impaired
immune function. HCC grew fast, the nutrition consume
increased the burden of the body and damaged the body’
immune system. The HCC patients with moderate or severe
anemia were susceptible to infection as long term nutrition
insufficient, poor body condition, low immune system. In
addition, moderate or severe anemia can cause the body’s
oxygen supply shortage. Low oxygen environment is
easy to cause inflammation, edema, and lead to intestinal
mucosal barrier dysfunction, intestinal flora movement.
In this article, there were 2 cases of enterococcus faecalis
infection, 2 cases of pseudomonas aeruginosa infection, 1
case of enterobacter cloacae and 2 cases of escherichia coli
infection. These four types of bacterial are all the intestinal
opportunistic pathogens. Therefore, before undergoing LT
with HCC patients, we should diagnose and treat anemia
actively to avoid postoperative IAL

Postoperative intra-abdominal hemorrbage formed a good
medium for bacteria

Postoperative intra-abdominal obvious hemorrhage was
another independent risk factor for postoperative IAI after
LT in these 82 HCC patients. Due to the complexity,
long time of abdominal opening of liver transplant, the
abdominal organs exposed for a long time, which may
pose a potential pollution. Abdominal bleeding also is
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Total Postoperative

P val
(n=82) 1Al (n=13) value

Age (y) 0.437
1: <35 6 0
2:35-60 66 12
3: >60 10 1

History of abdominal surgery 0.153
Yes 14 4
No 68 9

Preoperative HGB grade 0.002
1: 290 g/L 75 9
2:<90 g/L 7 4

Preoperative PLT grade (x10%L) 1.000*
1: =100 55 9
2: <100 27 4

Diameter of tumor 0.364*
1:<5cm 29
2: >5cm 58 10

Fatty liver of donator 0.955
1: No 76 12
2: mild 6 1
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Total Postoperative

P value

(n=82) 1Al (n=13)

Modus operandi 0.078
1: classic non-bypass 74 10
2: piggyback 8 3

Operation time 0.964
1: <6 hours 32 5
2: >6 hours 50

Intra-operation blood transfusion volume 0.858
1: <3,000 mL 46 7
2:>3,000 mL 36 6

Postoperative intra-abdominal obvious 0.005
hemorrhage (within the first 72 hours)

Yes: >400 mL 8 4

No: <400 mL 74 9

Postoperative pancreatitis
Yes 19 3
No 63 10

1.000*
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Table 2 Multivariate analysis of risk factors for postoperative IAI after LT in HCC patients*
Risk factors P value Odds ratio 95% ClI
Intercept 15.284 <0.001
Preoperative HGB grade 5.527 0.019 8.121 1.417~46.550
Postoperative intra-abdominal hemorrhageage grade 4.343 0.037 5.911 1.112~31.432

*, Inclusion criteria 04<0.05, exclusion criteria ¢>0.06. IAl, intra-abdominal bacterial infection; LT, liver transplantation; HCC,

hepatocellular carcinoma; HGB, Hemoglobin.

a common complication after LT, with 7.0% incidence
according to literature report (16). Long time of abdominal
exposure caused the intestinal flora displacement, and the
postoperative intra-abdominal hemorrhage or blood clot
formed a good medium for pathogenic bacteria. The IAI
rate was significantly increased by the above reasons. In
our study postoperative IAI rate was 50% (4/8) in patients
with postoperative intra-abdominal obvious hemorrhage
(>400 mL within the first 72 hours), on the contrary,
the IAT rate in patient with bleeding under 400 mL was
just 12.2% (9/74) (P=0.005). Multiple factors sequential
analysis showed postoperative intra-abdominal obvious
hemorrhage (72 h >400 mL) was an independent risk factor
of postoperative IAI [5.911 (95% CI, 1.112 to 31.432,
P=0.037)]. The common causes of abdominal bleeding after
LT included reduced blood coagulation factor in end-stage
liver disease, incomplete stopping bleeding during operation
process and so on. The coagulation derangement was caused
of preoperative liver function, hypersplenism, low PLT,
coagulation dysfunction, transfusion of large amounts of
banked blood, the application of heparin, etc. In this study,
all of these HCC patients were associated with chronic
viral hepatitis, 85.4% (70/82) of them with liver cirrhosis,
40.2% (33/82) of patients with liver function insufficient,
32.9% (27/82) of them with PLT decrease. 43.9% (36/82)
of them with intraoperative blood transfusion volume
larger than 3000ml. Thus, before graft work properly, these
negative factors made the patients must undergo a poor
coagulation period in the early stage after L'T. Small not
repaired factors can cause postoperative intra-abdominal
hemorrhage. Common bleeding sites were small branches
of the vena cava vein (Short hepatic vein, SHV), hepatic
artery anastomosis, liver biopsy site, etc. Therefore, to avoid
postoperative hemorrhage, it is necessary for preoperative
improvement of blood coagulation, PL'I" and cryoprecipitate
supplements, prothrombin complex and fibrinogen, etc.
And operators should be careful in the operation procedure,
to reduce the incidence of postoperative intra-abdominal
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hemorrhage. Postoperative ultrasound or CT scanning is
helpful to the early detection of abdominal bleeding (17,18).
Active bleeding should be treated by medication therapy or
surgery. Blood clot should also be remove by surgery, thus
to reduce the incidence of intra-abdominal infection.

Postoperative bile leakage and 141

Postoperative bile leakage was usually considered as a high
risk factor for IAT after L'T. In this study, the incidence of
bile leakage was 3.7%. Oconner et al. (19) reported that
the incidence of bile leakage after LT is 5.5-27.4%. Bile
chemical stimulation of the abdominal cavity, is easy to
cause inflammation, edema, and lead to intestinal mucosal
barrier dysfunction, intestinal flora movement. Meanwhile,
the reduced biliary pressure during bile leakage could let the
intestinal bacteria enter the abdominal cavity by the Oddi’s
sphincter. All of the above make facilitation of IAI. But in our
study the single factor analysis suggested that postoperative
bile leakage wasn’t significantly associated with IAI after LT
in HCC patients (P=0.398), and it needs to be confirmed by a
larger sample cases. Anyway, as far as bile leakage happened,
unobstructed drainage and etiological therapy are necessary
for preventing chemical peritonitis and IAI (20).

Above all, TAI is a common early complication after LT
in HCC patients. Preoperative anemia (HGB <90 g/L), and
postoperative intra-abdominal obvious hemorrhage (72 h
>400 mL) are independent risk factors of IAI after LT in
HCC patients.

Our study suggested that in order to reduce the
occurrence of post-L'T" TAI in HCC patients, it is necessary
to improve anemia before the operation, and stanch
bleeding as carefully as possible during the procedure to
reduce the postoperative intra-abdominal hemorrhage.
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