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Worldwide, hepatocellular carcinoma (HCC) is the sixth most 
common malignancy, with an estimated mortality rate of 9.2% in 

2008 (1). Transarterial therapy, including transarterial embolization 
(TAE), and transarterial chemoembolization (TACE) and transarterial 
chemotherapy (TAC), have been used increasingly in patients with 
HCC since it was demonstrated to improve survival, either as the sole 
treatment or in conjunction with surgery or local ablative therapies 
(2-4). The rationale for using the above interventional procedures to 
treat HCC is based on the difference in anatomical configuration 
between tumour tissue and normal hepatic parenchyma, by which 
devascularization of tumour and/or a high concentration of chemo-
therapeutic agents delivered to cancer cells can be achieved.

Among the various modalities of transarterial therapy, both TAE 
and TACE aim to occlude hepatic arterial flow with embolizing 
agents, while TACE procedures are preceded by the administration of 
anticancer agents. TAC, which is also known as transarterial infusion 
chemotherapy or transarterial oily chemoembolization, consists only 
of hepatic arterial infusion with chemotherapeutic agents, usually uses 
lipiodol as a vehicle and is not designed to achieve arterial occlusion 

(5). All of these techniques have been widely performed for more than 
20 years and are generally well tolerated. However, these procedures 
were reported to be accompanied by several infectious complications 
such as bacteremia and septicemia – even sepsis and hepatic abscess – 
especially when performed in patients with HCC, indicating that the 
prophylactic use of antibiotics may be necessary for the prevention 
of such infections (6-8). Some groups suggested that broad-spectrum 
antibiotic(s) should be routinely given to patients with HCC before 
any invasive procedure because these patients often had hepatic 
functional damage and were at a high risk of developing bacterial 
infections (9-11). Indeed, HCC patients usually present with cirrhosis, 
which may favour immunosuppression. On the other hand, immune 
function in these patients may be further impaired if they are exposed 
to anticancer agents (12). Clinically, although a uniform consensus on 
the regimens against postprocedure infection has not yet been reached, 
three to seven days of antibiotic coverage for Gram-negative enteric 
organisms was recommended for patients who underwent TACE (13). 
However, postprocedure infection occurs, even in patients who previ-
ously received antibiotic prophylaxis. In a study involving 157 patients 
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BACkGrounD: The use of prophylactic antibiotics against post-
procedure infection in patients undergoing transarterial therapy for 
hepatocellular carcinoma is controversial. 
Aim: To compare the effects of prophylactic antibiotic treatment and 
no prophylactic antibiotic treatment on infectious complications fol-
lowing transarterial procedures.
metHoDs: Clinical trials fulfilling predefined selection criteria were 
identified by searching several bibliographic databases; a meta-analysis 
was performed where appropriate.
results: Four trials of inadequate quality consisting of 210 patients 
were included in the analysis. Only one case of possible postprocedure 
infection in each group was reported. The rate of patients developing 
fever (RR 0.91 [95% CI 0.61 to 1.35]), changes in peripheral white 
blood cell count or serum C-reactive protein levels, and the mean 
length of hospital stay (mean difference 0.20 [95% CI 0.75 to 1.14]) 
showed no significant intergroup differences between antibiotic and 
no antibiotic treatment. Furthermore, the results of the present study 
indicated that the incidence of bacteremia, septicemia, sepsis or 
hepatic abscess after transarterial therapy was rare.
ConClusion: Antibiotic prophylaxis in patients undergoing 
transarterial therapy for hepatocellular carcinoma may not be rou-
tinely necessary. However, a more judicious use of antibiotics is 
recommended for patients who are at an increased risk of infection. 
Nevertheless, prospective trials on a larger scale are clearly needed.

key Words: Antibiotic prophylaxis; Hepatocellular carcinoma; Infection; 
Meta-analysis; Transarterial therapy 

la prophylaxie antibiotique dans la thérapie 
transartérielle du carcinome hépatocellulaire :  
une méta-analyse

HistoriQue : Le recours à une prophylaxie antibiotique contre 
l’infection après une thérapie transartérielle du carcinome hépatocellu-
laire est controversé.
oBJeCtiF : Comparer les effets d’une antibiothérapie prophylac-
tique et de l’absence d’un tel traitement sur les complications infec-
tieuses après des interventions transartérielles.
mÉtHoDoloGie: Les auteurs ont repéré des essais cliniques-
respectant certains critères prédéfinis au moyen de recherches dans 
plusieurs bases de données bibliographiques. Ils ont procédé à une 
méta-analyse, au besoin.
rÉsultAts : Quatre essais de qualité insuffisante, composés de 
210 patients, ont été inclus dans l’analyse. Un seul cas d’infection pos-
sible après l’intervention a été signalé. Le taux de patients faisant de la 
fièvre (RR 0,91 [95 % IC 0,61 à 1,35]), présentant des modifications 
de la numération des globules blancs périphériques ou des taux de 
protéines C réactive, de même que la durée d’hospitalisation moyenne 
(différence moyenne 0,20 [95 % IC 0,75 à 1,14]) n’ont révélé aucune 
différence intergroupe significative entre le traitement antibiotique et 
l’absence de traitement antibiotique. De plus, les résultats de la 
présente étude indiquent que l’incidence de bactériémie, de septi-
cémie, de sepsie ou d’abcès hépatique était rare après une thérapie 
transartérielle.
ConClusion : La prophylaxie antibiotique chez les patients qui 
subissent une thérapie transartérielle en raison d’un carcinome hépa-
tocellulaire n’est peut-être pas systématiquement nécessaire. 
Cependant, une utilisation plus judicieuse des antibiotiques est recom-
mandée pour les patients qui sont plus vulnérables à l’infection. De 
toute évidence, des essais prospectifs à plus grande échelle s’imposent.
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who were treated with cefazolin and metronidazole before and after 
TACE, hepatic abscess was reported to develop in 4.5% of the popu-
lation (14). Therefore, antibiotic prophylaxis appears to be necessary 
for patients undergoing transarterial therapy for HCC. A recent 
prospective trial that evaluated the efficacy of two different antibiotic 
regimens (15) further emphasized the importance of antibiotics in pro-
phylaxis against infection after transarterial therapy for HCC.

In contrast, other studies revealed that the incidence of immediate 
or long-term infection events following transarterial procedures were 
minor and, therefore, suggested that prophylactic antibiotic use may 
not be necessary (7,16-19). This was proposed based on the awareness 
that the negative effects of indiscriminate antibiotic use may result in 
increased bacterial resistance and medical costs. Furthermore, trials 
have also indicated that administration of prophylactic antibiotics 
may decrease the overall prevalence of infectious complications after 
TAE, but may not decrease the incidence of liver abscesses (9,20). 
Taking into account that there have been only a few reports on the 
rate of infections complicating transarterial therapy, the use of pro-
phylactic antibiotics against postprocedure infection is, therefore, 
controversial. Using curently available clinical trial evidence, the aim 
of the present meta-analysis was to assess the effects of prophylactic 
antibiotic therapy versus no prophylactic antibiotic treatment with 
regard to infectious complications in patients undergoing transarterial 
therapy for HCC.

metHoDs
literature search
An electronic search was performed using the key words “hepatocellu-
lar carcinoma”, “embolization”, “chemoembolization” and “antibiotic 
prophylaxis”, which included searches in the Cochrane Library 
(Cochrane Central Register of Controlled Clinical Trials), Medline 
(via PubMed), Embase and Chinese biomedicine literature database 
(CBM). Both subject and text terms were used, and were combined 
according to a predesigned search strategy. The database searches were 
not restricted to English language publications or data. However, only 
clinical trials were considered for inclusion in the present study. In 
addition, the reference lists of the retrieved articles were manually 
screened for other potentially relevant studies.

selection criteria
Trials evaluating the use of prophylactic antibiotic treatment in 
patients with HCC undergoing transarterial therapy were eligible to be 
included if they compared any antibiotic or combination of antibiotics 
with either placebo or no treatment. However, because the aim of the 
current meta-analysis was to investigate the necessity of prophylactic 
antibiotic treatment in patients undergoing transarterial therapy for 
HCC, studies that compared the effects of different antibiotics or dif-
ferent regimens (dosages, routes or durations of administration) of one 
antibiotic were not included. Both randomized controlled trials (RCTs) 
and non-RCTs were considered for the present study; however, studies 
lacking control groups were excluded. Trials containing mixed indica-
tions were retained if the results for each indication could be extracted 
separately.

outcomes measurement
Primary outcomes: Any proven systemic infection such as bacteremia, 
septicemia and sepsis (confirmed with positive blood culture), hepatic 
abscess (confirmed with radiological features) and other clinical indi-
cations of infection, however defined by individual studies.
secondary outcomes: Suspected infection or clinical signs of infection 
such as fever, elevated white blood cell (WBC) count or C-reactive 
protein (CRP) level, and duration of hospital stay.

Data extraction and analysis
Two authors (J Wang and YC Zhang) independently assessed the 
inclusion eligibility of the potential studies identified in the search 
according to the criteria outlined above, with any disagreement 

resolved by discussion. A standardized data collection form was used to 
extract relevant information and outcomes data from the included 
studies. Details regarding trial design, participants, transarterial tech-
niques, antibiotic regimens and outcome measures were retrieved and 
abstracted. Important patient baseline characteristics from each trial 
were also reviewed.

All outcomes data were extracted on a worksheet, and were cross-
checked for accuracy before being combined for analysis by two of the 
authors (J Wang and XD He). A meta-analysis was applied based on 
the absence of considerable clinical heterogeneity among the included 
trials and was performed with RevMan software version 5.1.1 (pro-
vided by the Cochrane Collaboration). A descriptive summary of the 
results was presented when the outcome data from different studies 
could not be combined. For dichotomous variables, such as the num-
ber of patients developing infection, the treatment effects were 
reported as RR with 95% CI, whereas mean difference (MD) and its 
corresponding 95% CI were used to express continuous variables such 
as duration of hospital stay. A fixed-effect model was used for pooling 
the results unless there was significant heterogeneity, in which case a 
random-effect model was applied.

Heterogeneity was assessed by visual inspection of forest plots and 
the c2 test, with statistical significance set at P>0.1. The I2 statistic 
was used to estimate total variation across studies that was due to 
heterogeneity and expressed as a percentage: <25% was considered to 
be low level heterogeneity; 25% to 50% as moderate level and >50% 
as high level (21). If moderate levels of heterogeneity (ie, I2>50%) 
were encountered, possible sources of heterogeneity were explored. A 
sensitivity analysis was performed to examine the potential risk bias in 
the overall results of pooled analysis, (eg, results of non-RCTs were 
excluded from the analysis for these of RCTs).

Quality assessment
Methodological quality was assessed independently by two authors 
(J Wang and XD He) using the criteria outlined in version 5 of the 
Cochrane Handbook for Systematic Reviews of Interventions (22). Four 
items assessing components of internal validity of trials, including 
method of randomization, allocation concealment, blinding and 
reporting of an intention-to-treat (ITT) analysis, were used to evaluate 
study quality, but only for RCTs. Each item was scored as ‘yes’ for low 
risk of bias, ‘unclear’ for either lack of information or uncertainty over 
the potential for bias, and ‘no’ for high. Trials with a retrospective 
design were considered to be of inadequate quality; however, this 
assessment did not determine its inclusion or exclusion.

results
search results
Among 191 nonduplicated articles retrieved by the electronic searches, 
188 were excluded mainly due to their clear irrelevance because they 
were nonclinical trials or were uncontrolled (Figure 1); however, one 
study identified from the reference list of a published article was found 
to meet the criteria for inclusion (18). Finally, four studies consisting 
of 210 patients from Europe, Asia and North America were included 
in the current meta-analysis (16-19). 

Characteristics of the included studies
General information: All of these four studies were clinical trials con-
ducted between 1992 and 2007. The general information is summarized 
in Table 1. The outcomes of interest were reported by all of the trials, 
in most of which both confirmed and suspected infection events were 
studied. Factors associated with postprocedure fever were also analyzed 
(16-17). In the trial by Wang et al (19), however, the only outcome 
that was considered to be clinically relevant for which data were pre-
sented was rate of infection. Overall, patients were generally well 
matched between the treatment and control groups for demographics, 
etiology of HCC, hepatic function and type of transarterial therapy 
within each study (16-18) (Table 2). However, one trial did not 
describe the characteristics of the included populations (19).
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types of transarterial modalities: Of the four trials, two (17,19) used 
TACE to treat HCC and one (16) used TAE. HCC patients in the 
remaining trial were treated with TAE, TACE or transarterial 
Yttrium-90 (18). Two trials (16,18) detailed the transarterial tech-
nique that was used for HCC, while the procedure was not described 
in the other two (17,19). One trial (16) included 75 TAE procedures 
performed in 61 HCC patients, but provided all outcomes data referring 
to the 75 TAE procedures. Therefore, in the current meta-analysis, 
every patient was considered to have undergone a TAE treatment; 
these data were analyzed accordingly. 
Antibiotic protocols: Among the included trials, intravenous (IV) 
cephalosporin alone (29 of 112) or cephalosporin combined with 
metronidazole (83 of 112) was the antibiotic(s) mostly used before 
transarterial treatment, with reported treatment durations of 0.5 h to 
longer than 48 h (16,18-19). Also, ciprofloxacin was administered either 
as an initial (15 of 112) or a maintenance therapy (data were not pro-
vided) against postprocedure infection (17). However, the antibiotic 
regimens varied among studies. Castells et al (16) used a cross-over policy 
of antibiotics for a suspected bacterial infection, in which patients allo-
cated to the no treatment group were given the regimen used in the 
antibiotic group, and those in the antibiotic group were considered for an 
empirically alternative antibiotic protocol when infection was suspected. 
Plentz et al (17) administered a combination of IV metronidazole with 
ciprofloxacin or cephalosporin to patients in the antibiotic group for the 
first three days after TACE. The IV regimen was subsequently changed to 
an oral combination of metronidazole with ciprofloxacin if febrile and 

symptomatic signs of infection disappeared. Either IV or oral regimen was 
continued for an additional seven days. Thus, every patient in the study 
group was treated for 10 days with two antibiotics. In the trial by Wang 
et al (19), monotherapy with cefazolin was used before patients under-
went TACE. The remaining trial (18) only reported the antibiotic 
agents used before and/or after the transcatheter procedure; however, 
detailed information regarding the regimens was not given.

Figure 1) Flow diagram of the literature searches

TABLE 1
General information of the included studies
Author  
(reference), year Country

Included  
populations

Transarterial  
techniques

Antibiotic  
regimen Follow-up

Primary  
end points

Castells et al  
(16), 1995

Spain Patients with HCC, 
confirmed by tumour 
biopsy and/or elevated 
AFP, and radiological 
findings

TAE, with embolizing agents of 
gelatin cube (1 mm × 1 mm) 
alone or gelatin and steel 
coil. The use of lipiodol was 
not described

Study group (n=37): IV 
cefotaxime 2 g/6 h + 
metronidazole 500 mg/8 h 
before TAE and for at least 
48 h. Control group (n=38): 
no antibiotic treatment

1 month after 
discharge

Infectious 
complications

Wang et al (19),  
2005

China Patients with primary liver 
cancer

Only stated as TACE, 
information on the 
procedure was not provided

Study group (n=29): IV 
cefazolin 2 g before TACE 
for 0.5 h. Control group 
(n=31): no antibiotic 
treatment

2 months after 
TACE

Postprocedure 
infection

Plentz et al (17), 
2005

Germany Patients who had 
previously not received 
any treatment for 
nonresectable HCC. The 
diagnosis of HCC was 
based on elevated AFP 
level and/or fine-needle 
liver biopsy

Only stated as TACE, the use 
of anticancer drugs, 
embolizing agents and 
lipiodol were not described

Study group (n=15): IV 
ciprofloxacin 200 mg + 
metronidazole 500 mg on 
the morning of TACE. IV 
cephalosporin (not 
specified) twice a day + 
metronidazole 500 mg 
three times a day for the 
following 2 days. Seven 
days of IV cephalosporin + 
metronidazole 500 mg, or 
oral ciprofloxacin 250 mg + 
metronidazole 500 mg. 
Control group (n=15): no 
antibiotic treatment.

5 weeks after 
discharge

Adverse effects

Shelgikar et al  
 (18), 2009

USA Patients with histological 
or serological evidence 
of HCC

TAE, TACE, or Yttrium-90. 
The embolizing agent was 
polyvinyl alcohol particles and 
a cisplatin-based regimen 
mixed with ethiodol was used 
for chemoembolization

Study group (n=31): one 
dose of cefazolin and 
metronidazole were given 
before the transarterial 
procedure (8 patients), or 
pre- and postprocedure  
(23 patients). Control group 
(n=28): no antibiotic 
treatment

Median  
28 months

Infectious 
complications

AFP Alpha-fetoprotein; HCC Hepatocellular carcinoma; IV Intravenous; TACE Transarterial chemoembolization; TAE Transarterial embolization 
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methodology quality assessment
Among the four trials, three (16,17,19) were retrieved as RCTs, while 
the other (18) was a retrospective controlled study. One trial was a 
Chinese publication with an English abstract (19), while another (17) 
was a correspondence. The methodological quality assessment for the 
included RCTs are presented in Table 3. All of the three RCTs 
(16,17,19) stated that patients were randomly assigned to the treat-
ment and control options, but failed to describe the precise method of 
randomization within the studies. Although allocation concealment 
was achieved using sealed envelopes in the trial by Castells et al (16), 
it was unclear whether the envelope was opaque (22). However, this 
procedure was not reported in either of the two other trials (17,19). 
Furthermore, the three trials (16,17,19) appeared to have no blinding of 
intervention or outcome assessment, and data were presented on a per-
protocol basis. In addition, there were no dropouts or loss to follow-up 
reported in the trials (16-19).

effects of interventions
Bacteremia, septicemia and sepsis: Transarterial procedures carry risks 
for several types of blood infections such as bacteremia, septicemia and 
sepsis, which were clinically evidenced with positive blood culture 
results. Because TAE, TACE and TAC involve a percutaneous arterial 
approach, bacteria can be introduced exogenously from skin puncture. 
On the other hand, tumour necrosis and normal liver parenchyma 
induced by embolization and/or chemotherapy can become a source of 
infection, especially through bacterial reflux via the biliary system 
from the intestine (23). Hence, infection occurs through a different 
route of bacterial transmission. The most common types of pathogenic 
organisms were Staphylococcus, Streptococcus, Klebsiella and Escherichia 
coli, while infection with fungi was rare (7,9,24). Without antibiotic 
prophylaxis, bacteremia occurred in 3.6% of patients undergoing hep-
atic arteriography (HA) and 1.1% of those undergoing TAE. 
Septicemia occurred in 1.1% of pateints who underwent TACE, and 
sepsis occurred in 1.7% of patients who underwent TAE (6,7).

None of the blood infections was detected among patients in the 
included three trials, regardless of whether they were treated with or 
without antibiotics (16-18). Castells et al (16) used biological cultures 
from blood, urine and ascitic fluid for the examination of bacterial 
infections, whereas the diagnosis of blood infections was not described 
by the other two studies (17,18). In the trial by Wang et al (19), one 
patient in each group developed a hyperpyrexia with acute symptoms 
of toxicity after TACE, indicating that an early episode of septicemia 
would be expected. However, it was unknown from the study whether 
the author diagnosed the infection using the results of biological fluid 
cultures. The one case of this possible infection that occurred despite 
the use of antibiotic prophylaxis was reported in a patient who under-
went repeated TACE performed through the same skin puncture, 
whereas one patient in the control group was elderly with compromised 
hepatic functional reserve. Nevertheless, given the limited informa-
tion on the criteria regarding blood infections within the individual 
trials, together with the reported zero incidence rate of any of the 
infection outcomes, the results could not be presented as a pooled 
analysis.

Hepatic abscess
Hepatic abscess is a severe complication associated with transarterial 
procedures. The typical symptoms indicating hepatic abscess include 
fever, chills and right upper quadrant pain, which usually occur on the 
first to sixth day after the procedure (25). Radiologically, hepatic 
abscesses appear as areas of hypodensity on computed tomography 
(CT) scan and hypoechogenicity on ultrasonogram. However, the 
confirmed diagnosis of hepatic abscess is based on ultrasound-guided 
fine-needle aspiration of the suspected liver lesions. Both Gram-
positive and Gram-negative bacteria can lead to cases of pyogenic liver 
abscess. Gram-positive aerobes reportedly accounted for 60% of patho-
genic organisms in TAE-related liver abscess (9,26). When antibiotic 
prophylaxis was not applied, the incidence of this complication among 
patients with hepatic tumours after TAC was 0.2%, and among those 
after TAE was 0.2% to 1.1% (6,8,26,27). In a recent study that 
reviewed 11 articles (28), hepatic or splenic abscesses were estimated 
to occur in a median of 1.3% of patients.

Only in one of the four trials evaluated in the present study was 
the outcome of hepatic abscess reported using CT findings (18). 
Neither the number of patients developing hepatic abscess nor the 
methods for diagnosis of hepatic abscess were stated in the other 
three trials (16,17,19). However, no patients in the trial were found 
to develop hepatic abscess during a median follow-up duration of 
28 months (18).

TABLE 3
Quality assessment of randomized controlled trials
First author 
(reference) Randomization

Allocation 
concealment Blinding ITT analysis

Castells (16) Unclear Unclear No Yes
Wang (19) Unclear No No Yes
Plentz (17) Unclear No No Yes

ITT Intention to treat

TABLE 2
Baseline patient characteristics in the included studies

Author  
(reference), year

Patients 
included, n

Age,  
years Male,%

Etiology Characteristics of HCC Liver function Laboratory parameters
HBV/HCV/

other, n
Tumour lesions  

(solitary/multiple), n AFP, ng/L
Child-Pugh 

class (A/B, n)
WBC count, 

×109/L*
CRP,  
mg/L*

Castells et al (16), 1995
   Antibiotic arm 37 60±9* 86 26†/11 8/29 22/15‡ 31/6 5.2±2.1 NR
   Control arm 38 61±8* 79 35†/3 4/34 17/11‡ 30/8 4.8±2.1
Wang et al (19), 2005
   Antibiotic arm 31 NR NR NR NR NR NR NR NR
   Control arm 29
Plentz et al (17), 2005
   Antibiotic arm 15 62.2§ 87 3/4/8 6/9 996±1467* 15/0 7.3±2.5 11.6±12.4
   Control arm 15 65.2§ 87 2/3/10 5/10 595±1134* 15/0 6.8±2.3 7.6±7.9
Shelgikar et al (18), 2009
   Antibiotic arm 31 56§ 78 3/30/26 NR 18§ NR NR NR
   Control arm 28

*Data presented as mean ± SD; †Hepatitis including hepatitis B virus (HBV) and hepatitis C virus (HCV); ‡Number of patients with serum alpha-fetoprotein (AFP) 
level ≤100 ng/mL / >10 ng/mL; §Data presented as median. CRP C-reactive protein; HCC Hepatocellular carcinoma; NR Not reported; WBC White blood cell 
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Fever
Clinically, the appearance of fever after a transarterial procedure is 
considered to be a symptomatic sign of secondary infection. However, 
it is also known that fever, which is one of the typical features of 
postembolization syndrome that occurs in 60% to 80% of patients 
undergoing transarterial procedures, represents a clinical marker of 
tumour necrosis and, thus, of a favourable response to treatment 
(7,16,17). Most cases of fever reportedly occurred on the day of tran-
sarterial therapy or immediately after transarterial procedures, and 
were usually self-limited to within three to four days (28). Other 
postembolization symptoms, such as nausea, vomiting, abdominal pain 
and increase in peripheral WBC count or CRP level, may also be 
observed during the period of fever. In clinical settings, although there 
has been no clear evidence for the use of antibiotics in the treatment 
of postprocedure syndrome, patients may have already received pro-
phylactic antibiotics before these symptoms were apparent.

The number of patients with fever after transarterial therapy for 
HCC was reported by all of the included trials, in two of which only 
patients with fever >38°C were recorded (16,17). Meta-analysis of the 
outcome showed that there was no significant difference between 
prophylactic antibiotic and no antibiotic treatment (RR 0.91 [95% CI 
0.61 to 1.35]), and this result was stable in prospective data (RR 0.86 
[95% CI 0.50 to 1.49]), in which the non-RCT study (18) was 
excluded (Figures 2 and 3). Moreover, no statistical heterogeneity was 
seen in either of the comparisons. Also, there were no significant dif-
ferences in the mean duration of the fever and its maximal value 
between the two groups, as reported in the trial by Castells et al (16). 
Most fevers peaked on postprocedure day 1 to 3, without elevation of 
WBC or CRP levels, and the overall incidence of patients developing 
fever across the trials was 26.8% for the antibiotic group and 28.6% for 
the no antibiotic group. However, none of these patients demonstrated 
evidenced of a bacterial infection (16-18). 

elevated WBC or CrP
Determination of the levels of two inflammatory markers – WBC and 
CRP – is widely performed because increased levels are the common 

markers of infection. Some studies considered the appearance of fever 
with concomitantly increased WBC and/or CRP levels as a sign of 
suspected infection and thereby an indication for using antibiotics, 
while in others, the symptoms were demonstrated to be the result of 
tumour necrosis induced by transarterial therapy (15-17).

Changes in serum levels of CRP and/or WBC in all patients, or in 
those with fever were reported in three trials (16-18). Due to the varia-
tions in criteria and weighting of the two parameters across the trials, 
pooled analyses for these outcomes were limited. However, there was 
no significant intergroup differences with regard to these two inflam-
matory markers at any of the assessed time points (16-18). No patients 
with elevated WBC and/or CRP levels demonstrated evidence of a 
bacterial infection.

Duration of hospital stay
Of the four trials, three reported the duration of hospital stay (in days) 
of the included patients using a statistical mean and SD (16-18). 
Combining the results of two RCTs (16,17) showed no significant dif-
ference between the antibiotic and no antibiotic groups (MD 0.20 
[95% CI −0.75 to 1.14]). Heterogeneity was not observed in this com-
parison (ie, I²=0%). Also, no difference was found in the duration of 
hospital stay in the remaining trial (18) (Figure 4).

DisCussion
The current meta-analysis demonstrated that of 210 enrolled patients 
from four clinical trials, only one in each group experienced a possible 
postprocedure infectious complication. The rate of patients developing 
fever, changes in serum WBC and CRP levels, and the mean length of 
hospital stay showed no significant intergroup differences between 
antibiotic and no antibiotic treatment. Furthermore, the results of the 
present study suggest that the incidence of bacteremia, septicemia, 
sepsis or hepatic abscess after transarterial therapy is rare. Therefore, 
the use of prophylactic antibiotics in patients undergoing transarterial 
therapy for HCC may not be routinely necessary.

Several series suggested that patients with biliary tract disease, such 
as ischemia, injury, congestion or inflammation, or those who 
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Figure 2) Fever. Pooled analysis for all trials

Study or Subgroup

Castells-1995
Plentz-2005
Wang-2005

Total (95% CI)

Total events
Heterogeneity: Chi² = 1.66, df = 2 (P = 0.44); I² = 0%
Test for overall effect: Z = 0.52 (P = 0.60)

Events

12
3
1

16

Total

37
15
29

81

Events

17
1
1

19

Total

38
15
31

84

Weight

89.5%
5.3%
5.2%

100.0%

M-H, Fixed, 95% CI

0.72 [0.40, 1.30]
3.00 [0.35, 25.68]
1.07 [0.07, 16.31]

0.86 [0.50, 1.49]

Antibiotic Therapy Non-antibiotic Therapy Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.002 0.1 1 10 500
Antibiotic tratment No-antibiotic tratment
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underwent previous biliary reconstruction surgery or enterobiliary 
anastomosis, were at high risk of developing infectious complications 
following transarterial therapy for HCC (7,25,26,29). In a small RCT 
by Geschwind et al (24), the authors compared the effects of two anti-
biotic regimens for prophylaxis against hepatic abscesses after TACE 
for HCC in patients with a history of biliary reconstructive surgery. 
The results showed that none of the patients assigned to receive IV 
tazobactam/piperacillin developed hepatic abscess after TACE, 
whereas the complication occurred in those whom cephalexin was 
given. In the present analysis, however, none of the included patients 
were found to have biliary disease or a history of biliary surgery. 
Nevertheless, more aggressive antibiotics with coverage against Gram-
positive, Gram-negative aerobic and anaerobic organisms may be 
indicated for these patients (24,30). Also, postprocedure infections 
have been shown to be associated with advanced age, larger tumour 
nodules, presence of portal vein thrombosis or compromised hepatic 
function, and previous gastrectomy (6,7,9,19,25,26). Due to the lack 
of prospective data, however, it has been unclear whether patients 
with these factors are at an increased risk of infectious complications 
after transarterial procedures. Nevertheless, the relationship between 
the above factors and postprocedure infections requires further inves-
tigation, and more judicious use of antibiotic prophylaxis for these 
patients is recommended.

Fever, elevated WBC and CRP were mostly indicated because the 
postembolization syndromes resulted from tumour necrosis and may not 
be considered as routine signs of bacterial infection. Because it is 
unclear whether tumour necrosis represents a sensitive predictor of 
treatment response or an adverse response to transarterial therapy, the 
appearance of postembolization syndrome should be treated with cau-
tion (31-34). On the other hand, because fever frequently occurred 
among patients undergoing transarterial procedures, it is difficult to 
differentiate between fever due to tumour necrosis and fever due to 
secondary infection in clinical settings. However, an infection should 
be suspected when unexpectedly high and prolonged fever, and sudden 
onset of high fever with chills are encountered after transarterial pro-
cedures. Again, the exclusive effects of infectious complications can not 
be detected only by changes in WBC and CRP levels. Therefore, a sur-
veillance strategy for the ascertainment of infection events should still 
be based on the results of bacterial cultures, and future studies should 
specify the criteria for the diagnosis of such infections.

The current meta-analysis had several limitations. First, it included 
only four trials with a limited number of subjects (n=30 to n=75), 
which may be largely responsible for the indiscriminately negative 
results of any of the infection-related outcomes. Therefore, more pro-
spective trials of sufficient sample size assessing the effects of antibiotic 
use in patients undergoing transarterial therapy for HCC are clearly 
needed. Because the incidence rate of confirmed bacteremia after 
transarterial procedures for HCC without antibiotic prophylaxis was 
1.1% to 3.6%, and that of liver abscess was 0.2% to 4.5%, a worth-
while study to determine the possible effects of prophylaxis on such 
infections might need to enrol 1000 patients (6-8,14,26).

Second, the impact of the type of transarterial procedures on infec-
tion outcomes could not be assessed separately. In a study that examined 
the incidence of patients undergoing HA and TAE (6), TAE was found 

to be more likely associated with a higher risk of developing symptomatic 
bacteremia than was HA (4% versus 0%, respectively [P=0.03]), sug-
gesting that the increased frequency of the infection in the TAE group 
may be the result of the changes in the host induced by embolization. 
The possible explanation was that ischemic damage to the nontumoural 
liver by the occlusive effects of embolizing agents may precipitate or 
exacerbate liver failure, especially among cirrhotic patients with an 
advanced Child-Pugh class, resulting in deterioration of intrahepatic 
immunological defense mechanisms. Furthermore, differences may also 
exist between embolization and chemoembolization because local 
administration of chemotherapeutic agents may lead to tumour necrosis 
and necrosis of normal liver tissues due to toxicity and subsequent infec-
tion. Although there has been no study comparing these two procedures 
on the incidence rate of infections, nonsignificant differences between 
TACE and TAI regarding infectious complications and changes in 
WBC and CRP levels were found in a recent trial (15) that indicated 
chemoembolization and chemotherapy may also have no effects on 
postprocedure infection. However, all of the patients enrolled in the 
study were treated with antibiotics preprocedurally and, by doing so, 
the difference in the risk of developing infections after the procedures 
may have been compromised. Therefore, variations in transarterial ther-
apy modalities may result in different prevalences of postprocedure 
infections; however, this requires further study.

Finally, the overall quality of the included trials was poor. Of the three 
RCTs, two failed to provide information on any of the items used for 
assessing the methodological validity of RCTs, while in the remaining 
one, only the method of allocation concealment was described but with 
an insufficient definition. Furthermore, another retrospective study was 
included in the meta-analysis. Thus, all of the included trials were scored 
as inadequate quality (22). Consequently, although meta-analyses were 
performed without statistical heterogeneity, combining the results of trials 
with methodological weakness may contribute to the risk of bias to the 
pooled analysis. Furthermore, none of the included trials used placebo as a 
control but involved ‘no treatment’ as a comparator. However, effects 
between placebo and no treatment may be different, particularly in trials 
with small populations (35). Given the paucity of studies focusing on 
antibiotic use in patients undergoing transarterial procedures for HCC, 
the current study provided results with the most currently available evi-
dence. Nevertheless, more prospective data are expected.

ConClusion
Antibiotic prophylaxis against postprocedure infectious complica-
tions in patients undergoing transarterial therapy for HCC may not 
be routinely necessary. However, a more judicious use of antibiotics 
is recommended for patients with increased risk of infection, espe-
cially for those with concurrent biliary tract disease or a history of 
biliary reconstruction surgery. Nevertheless, prospective trials on a 
larger scale are clearly needed.
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