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Abstract
AIM: To investigate the clinical significance of C-reac-
tive protein (CRP) values in determining the endpoint 
of antibiotic treatment for liver abscess after drainage.

METHODS: The endpoints of antibiotic treatment in 
46 patients with pyogenic liver abscess after complete 
percutaneous drainage were assessed by performing a 
retrospective study. After complete percutaneous drain-
age, normal CRP values were considered as the end-
point in 18 patients (experimental group), and normal 
body temperature for at least 2 wk were considered as 
the endpoints in the other 28 patients (control group).

RESULTS: The duration of antibiotic treatment after com-
plete percutaneous drainage was 15.83 ± 6.45 d and 
24.25 ± 8.18 d for the experimental and the control 
groups, respectively (P  = 0.001), being significantly 
shorter in the experimental group than in the control 
group. The recurrence rate was 0% for both groups. 

However, we could not obtain the follow-up data about 
3 patients in the control group.

CONCLUSION: CRP values can be considered as an 
independent factor to determine the duration of the 
antibiotic treatment for pyogenic liver abscess after 
complete percutaneous drainage.
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INTRODUCTION
Over the past two decades, complete percutaneous drain-
age combined with antibiotics has been considered as the 
routine treatment for liver abscess. This combined ap-
proach is clinically effective and has significantly reduced 
the death rate associated with liver abscess[1]. However, 
the duration and the protocol for the antibiotic treatment 
after percutaneous drainage is a matter of  debate. Con-
ventionally, the duration of  antibiotic treatment is deter-
mined by the overall health condition after percutaneous 
abscess drainage[2-4] or by the white blood cell count[5]. The 
duration of  antibiotic treatment was usually prolonged as 
much as possible[6]. However, assessments performed by 
considering the overall health condition as the end-point 
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of  antibiotic treatment tend to be subjective. Moreover, 
standardized criteria for different patients cannot be de-
veloped easily. The white blood cell count can be affected 
by various factors such as physiological situations that may 
not truly reflect the clinical condition[7]. Prolonged antibi-
otic treatment has various disadvantages such as pyogenic 
antibiotic resistance and double infection. To decrease the 
incidence of  antibiotic-resistant bacteria, reduce medi-
cal expenses, and increase patient compliance, a more 
sensitive parameter is required to determine the optimum 
duration of  antibiotic treatment after percutaneous ab-
scess drainage. C-reactive protein (CRP) is an acute-phase 
protein that is synthesized by liver endothelial cells, which 
is considered as the most valuable indicator of  inflam-
mation, and is a useful marker to determine the usage of  
antibiotics and assess the efficacy of  the antibiotics[8-11]. 
However, there is no clinical report on the validity of  us-
ing CRP values to determine the endpoint of  liver abscess 
treatment. We analyzed the CRP values of  the patients 
who were admitted to our hospital between June 2007 and 
February 2010. The investigation report is as follows. 

MATERIALS AND METHODS
Subjects
We performed a retrospective study on 46 patients with 
liver abscess who were admitted to our hospital between 
June 2007 and February 2010. The diagnosis was based 
on typical clinical symptoms such as fever and upper 
abdominal pain along with the results of  liver examina-
tion by ultrasonic and computed tomography. There 
were 32 male and 14 female patients; 8 patients had an 
abscess on their left liver lobe and 38 had an abscess on 
their right liver lobe. Ten patients had diabetes and 9 had 
cholecystitis. Among the 46 cases, 11 had positive culture 
results, including 4 from blood culture and 6 from abscess 
culture, and 1 from both; 8 (73%) of  11 patients showed 
K. pneumoniae infection. All the patients received effective 
antibiotic treatment and underwent percutaneous drainage 
of  the liver abscess when the fluid was identified during 
ultrasonography. 

Study methods
Inclusion criteria: The patients fulfilling the following 
criteria were included: (1) those undergoing effective an-
tibiotic treatment; and (2) those who had undergone per-
cutaneous abscess drainage when the fluid was identified 
during ultrasonography. 

Exclusion criteria: The patients fulfilling any of  the fol-
lowing criteria were excluded: (1) those who had under-
gone surgery; (2) those who had discontinued hospitaliza-
tion before the treatment ended or continued medication 
out of  the hospital. The duration of  antibiotic treatment 
could not be determined for these patients; (3) those who 
had not chosen the right antibiotics and had prolonged 
hospitalizations; and (4) those who had not undergone 
percutaneous drainage.

Endpoints of  the treatment: (1) Normal CRP values or 
(2) normal body temperature for at least 2 wk.

Experimental group: Normal CRP values were consid-
ered as the endpoint of  antibiotic treatment in those pa-
tients.

Control group: Normal body temperature for at least 2 wk  
was considered as the endpoint of  antibiotic treatment 
in those patients.

Mode and duration of  follow-up: Visits were continued 
until March 2010 after hospitalization was ended.

Major endpoints: Duration of  antibiotic treatment and re-
currence rate. 

CRP and white blood cell counts: CRP and white blood 
cell counts were determined every 3-5 d for the patients 
with normal CRP values were considered as the endpoint. 
Antibiotic treatment was stopped when the CRP values 
returned to normal. CRP and blood tests were not regularly 
performed for the control group, and the major criteria for 
discontinuing antibiotic treatment was normalization of  
body temperature for at least 2 wk. 

Statistical analysis
The mean ± SD values were used for quantification. 
SPSS13.0 software was used for statistical analysis. T-test 
was used to compare the quantitative data. Chi-square anal-
ysis was used to compare the measurement data. P values < 
0.05 were considered to be statistically significant. 

RESULTS
Comparison of the known criteria
Normal CRP values were considered as the endpoint of  
antibiotic treatment in 18 patients (experimental group), 
and normal body temperature for at least 2 wk were 
considered as the endpoint in other 28 patients (control 
group). The gender, age, size of  liver abscess before and 
after percutaneous drainage, duration of  antibiotic treat-
ment before the percutaneous drainage and the time of  
follow-up were comparable between the two groups (P 
> 0.05). In both groups, none of  the patients showed 
recurrence of  pyogenic liver abscess. We could not obtain 
follow-up information of  3 patients in the control group, 
in the intention-to-treat analysis, these patients would be 
considered as treatment failure.

Comparison of antibiotic treatment
The duration of  antibiotic treatment after complete percuta-
neous drainage for the experimental and the control groups 
were 15.83 ± 6.45 and 24.25 ± 8.18 d, respectively (P = 
0.001). The total duration of  antibiotic treatment was 23.06 
± 7.36 d for the experimental group and 31.11 ± 7.30 d  
for the control group (P = 0.001) (Table 1). 
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Comparison of CRP values and white blood cell counts 
The overall average time required for the white blood cell 
count and the percentage of  neutrophils to normalize af-
ter the initiation of  antibiotic treatment was 17.95 ± 8.00 d.  
The average time taken for the CRP values to normal-
ize was found to be 21.44 ± 7.06 d for these 46 patients. 
There was significant difference (P = 0.045) between the 
two durations. The white blood cell count and the per-
centage of  neutrophils had normalized before the CRP 
values returned to normal. In 5 patients, it was normal 
even before the percutaneous liver abscess drainage. 

DISCUSSION
Liver abscess is a rare disease, with an incidence of  1.0- 
17.59 cases per 1 000 000 people[12,13]. The death rate for 
untreated cases is 100%. Currently, the major therapies for 
liver abscess are antibiotic treatment, percutaneous drain-
age combined with antibiotics, and surgery. Usually, antibi-
otics can be used alone for single liver abscess smaller than 
3 cm in size. Percutaneous drainage combined with anti-
biotics is performed for liver abscesses larger than 3 cm.  
Surgery has to be performed in the cases of  multiple ab-
scesses[14]. Due to the effectiveness of  these treatments, the 
death rate of  the patients with liver abscess has decreased 
gradually over the last 20 years; the current death rate is 
only 6%-14%[1,15]. 

However, the optimum duration of  antibiotic treat-
ment is still a matter of  debate. The current treatment 
protocols are all based on clinical experience, and there is 
no medical evidence to validate these protocols. Two rep-
resentative treatment procedures have been suggested: (1) 
administration of  antibiotics alone, for at least 6 wk; after 
successful percutaneous drainage, antibiotics are contin-
ued for another 7 d until all the symptoms disappear[2,3]; 
and (2) after complete percutaneous drainage, antibiotics 
are intravenously administered for at least 3 wk, which is 
followed by oral administration for 1 or 2 mo to prevent 
recurrence[4]. Furthermore, a study in the United States 
recommended prolonged antibiotic treatment in the cases 
of  liver abscess[4]. Therefore, antibiotic treatment for liver 
abscess is considered to be a prolonged procedure. The 
referred endpoint indicators are non-specific. There are 

no exact markers to determine the endpoint of  antibiotic 
treatment for liver abscess. 

In China, there is no established guideline for the dura-
tion of  antibiotic treatment after percutaneous drainage. In 
45 diabetic patients with pyogenic liver abscess, treatment 
was not stopped after normalization of  body temperature 
and physical condition; instead, the treatment was con-
tinued for 12 wk even after recovery from the abscess[16]. 
Another study reported that combined use of  antibiotic 
treatment and percutaneous drainage for 4-6 wk was an 
extremely effective approach[17]. However, the appropri-
ate treatment procedures and the endpoint of  antibiotic 
treatment recommended in these studies required further 
investigations. 

In recent years, Rahimian et al[18] reported that antibi-
otic treatment for liver abscess should not be prolonged. 
They also reported that short-term antibiotic treatment 
did not increase the death rate. They had treated 73 pa-
tients with liver abscess with intravenous antibiotic admin-
istration for 17.5 d, and the associated death rate was 2.5%. 
However, they did not mention the process of  determina-
tion of  the endpoint of  antibiotic treatment. In 2009, the 
continuing education website of  John Hopkins University 
reported that that after effective percutaneous drainage, 
the duration of  the antibiotic treatment should be de-
termined on the basis of  the normalization of  the white 
blood cell count and body temperature, and the treatment 
should be continued for 14-42 d[5] (unpublished data). 

The total white blood cell count and the percentage 
of  neutrophils have been used as standard indicators for 
the detection of  infection, since the measurement meth-
ods for these parameters are simple, cheap, and of  great 
clinical utility. These indicators are widely employed in 
most hospitals, especially in general hospitals. However, 
the use of  the white blood cell count and the percentage 
of  neutrophils as the endpoint of  the treatment do not 
completely reflect the clinical condition. White blood cell 
count can vary due to various pathological conditions, 
and they may be influenced by physiological and various 
other factors such as postprandial intense exercise, cold 
temperature, pain, and fear. In a retrospective study in 
China, among 28 patients with thoracic abscess, 4 had 
normal white blood cell count and significantly elevated 
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Table 1  Data of liver abscess patients and duration of antibiotic treatment (mean ± SD)

Experimental group Control group P  value

Age (yr)   57.72 ± 10.39   58.68 ± 11.73 0.779
Women, n (%) 5 (28) 9 (32) 0.754
Size of abscess before therapy (diameter)   7.22 ± 1.44   8.01 ± 2.63 0.291
Size of abscess after therapy (diameter)   3.64 ± 0.89   4.02 ± 1.77 0.484
Antibiotic treatment before percutaneous drainage (d)   7.22 ± 5.39   6.82 ± 4.59 0.788
Antibiotic treatment after percutaneous drainage (d) 15.83 ± 6.45 24.25 ± 8.18  0.0011

Duration of follow-up (mo)   9.25 ± 5.67   9.24 ± 4.94 0.995
Recurrence rate 0% 11% (follow-up information for 3 

individuals was not obtained)
0.151

Total duration of antibiotic treatment (d) 23.06 ± 7.36 31.11 ± 7.30  0.0011

1Statistical difference between the two groups of data.
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CRP levels[19]. This finding indicates that some patients, 
especially some elderly patients had lower response to 
infection. Moreover, among children with lower respira-
tory system infection, there is no significant difference 
between the white blood cell counts of  patients with pyo-
genic infection and those with virus infection[20]. Elevated 
white blood cell count has been traditionally considered as 
a diagnostic criterion even for patients with appendicitis; 
however, a prospective study indicated that the sensitiv-
ity and specificity of  the elevated white blood cell count 
for diagnosing appendicitis were only 76% and 52%, 
respectively. The receiver operating characteristic (ROC) 
curve also indicated that elevated white blood cell count 
was not clinically relevant for diagnosing appendicitis[7]. 
ROC curve, is a graphical plot of  the sensitivity, or true 
positives, or false positives, also known as a relative oper-
ating characteristic curve, because it is a comparison of  
two operating characteristics as the criterion changes. So 
ROC analysis provides tools to select possibly optimal 
models and to discard suboptimal ones independently. In 
our data, the white blood cell count and the percentage 
of  neutrophils of  some patients were normal even in the 
initial stage of  the disease or before percutaneous drain-
age. Therefore, white blood cell count did not completely 
reflect their condition; consequently, it cannot be used as a 
criterion for medication. 

After the onset of  inflammation, CRP synthesis in-
creases within 4-6 h, doubling every 8 h. The CRP level 
reaches the peak value (around 150-350 mg/L) within 
36-50 h after infection. The high levels persist through 
the inflammation period. Therefore, when the infection 
is controlled, the CRP levels decrease quickly, and the 
decrease is strongly correlated with the relief  from symp-
toms and with the duration of  the treatment. However, 
the CRP level is not affected by factors such as gender, 
age, anemia, hyperglobulinemia, and pregnancy[21]. Clini-
cally, the CRP levels have been used to determine whether 
antibiotic treatment should be started and to judge the 
effectiveness of  the antibiotics. However, very few studies 
have considered the CRP value as a criterion for deter-
mining the endpoint of  antibiotic treatment. In 1995, a 
report suggested that when both CRP and white blood 
cell counts are normal, antibiotic treatment for the abscess 
should be discontinued. The accuracy of  using CRP values 
for the assessment of  the abscess was as high as 99%, and 
there were no reports of  negative results from the blood 
culture[9]. However, there have been no further studies on 
these findings. We realized that CRP value could be con-
sidered as an endpoint criterion for liver abscess treatment. 
In our data, the duration of  the shortest treatment was 
only 11 d, the longest treatment period was not more than 
4 wk, and the recurrence rate had not increased. 

In summary, the CRP level could be used as an inde-
pendent factor for determining the duration of  the anti-
biotic treatment in the management of  pyogenic liver ab-
scess after complete percutaneous abscess drainage. It can 
be widely used in clinics. However, for further evaluation 
of  the viability of  CRP assessments, studies using more 
samples and random control trials should be performed. 
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