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bstract

Background. Percutaneous drainage of pyogenic liver abscess has become first-line treatment. In the past surgical drainage was preferred
n some centres.

Aim. The aim of this retrospective study was to assess the effectiveness of percutaneous treatments and surgical drainage, in terms of
reatment success, hospital stay and costs.

Patients. Data of 148 patients (90 males; 58 females; mean age, 61 yrs; range, 30–86 yrs) were retrospectively analysed.
Methods. Patients’ outcomes, including the length of hospital stay, procedure-related complications, treatment failure and death, were

ecorded. Multiple logistic regression model was used for statistical analysis.
Results. One hundred and four patients (83 with solitary and 21 with multiple abscesses) were treated percutaneously, either by needle

spiration (91 patients) or catheter drainage (13 patients) depending on the abscess’s size, and 44 patients (30 with solitary and 14 with multiple
bscesses) were treated surgically. There was no statistically significant difference in patients’ demographics or abscess characteristics between
roups. Hospital stay was longer, and costs were higher in patients treated surgically (p < 0.001). There was statistically significant difference

n morbidity rate between groups (p < 0.001). No death occurred in both groups.

Conclusions. Percutaneous and surgical treatment of pyogenic liver abscesses are both effective, nevertheless percutaneous drainage carries
ower morbidity and is cheaper.

2008 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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. Introduction

Pyogenic liver abscess (PLA) is a serious, life threatening

ondition, with a mortality rate of 6–14% [1,2]. In the antibi-
tics era the most common predisposing factor has become
iliary tract diseases that account for about 40% of cases, with
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E-mail address: ferraiol@tin.it (G. Ferraioli).

1 Present address: General Surgery Division, Lodi Hospital, Lodi (MI),
taly.
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etiological agents commonly represented by Gram-negative
nd anaerobic bacteria [3,4].

Other facilitating conditions are systemic infections
hrough haematogenous dissemination, penetrating traumas,
nd abdominal surgical procedures in particular in patients
ith impaired immunity due to malignancies, AIDS, dia-
etes, etc. [2,3,5,6].
Therapeutic options are medical therapy alone, reserved
o few cases of multiple small pus collections [6,7], and
ercutaneous or surgical drainage both in combination
ith appropriate intravenous antibiotics. Over the last two

vier Ltd. All rights reserved.

mailto:ferraiol@tin.it
dx.doi.org/10.1016/j.dld.2008.01.016


nd Live

d
t
d
a
h

[
t
t
m

c
n
a
n
m
w
t

2

2

D
P
t
d
M
2
a
w
w
e
i

5
u
r
t
f
m
p
3
p

a
2
a

r
D
n
o
S

2

e
m

w
t

p
w

2

T
P
v
a
t
w
I

a

n
w

u
i
m
o

2

d
a
t
h

a
t
S
t
m
l
c
T
a
p
a
i

G. Ferraioli et al. / Digestive a

ecades, percutaneous drainage has become the first-line
reatment in most cases [1,8–12], even though surgical
rainage is more likely to be required in patients with
bscess rupture, incomplete percutaneous drainage or who
ave uncorrected primary pathology [7].

In the past surgical drainage was preferred in some centres
13]. A recent study has shown that for liver abscesses larger
han 5 cm surgical drainage provides better clinical outcomes
han percutaneous drainage with comparable morbidity and

ortality rates [14].
The aims of this study were to retrospectively analyse the

linical course of patients with PLA treated with percuta-
eous or surgical drainage in a different period of time and to
ssess the effectiveness of both treatments in terms of success,
umber of secondary procedures, hospital stay, morbidity and
ortality. In addition, comparison between the two groups
as made and the benefits of both procedures in relation to

heir costs were retrospectively analysed.

. Patients and methods

.1. Patients

Data of patients admitted to two Departments of Infectious
iseases at two different institutions, San Matteo Hospital in
avia and Cotugno Hospital in Naples, from January 1998

o December 2002 were retrospectively collected. Besides,
ata of patients admitted to the Department of Surgery at San
atteo Hospital in Pavia from November 1981 to December

002 were also collected. The medical files of 163 patients
ffected by PLA treated either percutaneously or surgically
ere retrieved. Amoebic abscesses and hydatid liver cysts
ere actively excluded. Fifteen patients with PLA were

xcluded from the analysis because some data were miss-
ng.

Thus, our study cohort consisted of 148 patients (90 males;
8 females; mean age, 61 yrs; range, 30–86 yrs). In partic-
lar, 79 patients (47 males; 32 females; mean age, 62 yrs;
ange, 39–86 yrs) were treated at the Department of Infec-
ious Diseases of Cotugno Hospital, 25 patients (16 males; 9
emales; mean age, 63 yrs; range, 30–80 yrs) at the Depart-
ent of Infectious Diseases of San Matteo Hospital, and 44

atients (27 males; 17 females; mean age, 57 yrs; range,
2–82 yrs) at the Department of Surgery of San Matteo Hos-
ital.

The diagnosis of PLA was made by ultrasonography (US)
lone in 118 patients, by US and computed tomography in
5 patients, by computed tomography alone in four patients,
nd by magnetic resonance imaging alone in one patient.

All 104 patients (63 males; 41 females; mean age, 63 yrs;
ange, 30–86 yrs) from the two Departments of Infectious

iseases were treated percutaneously (PT), either by fine-
eedle aspiration (NA) or catheter drainage (CD), depending
n abscesses size. The 44 patients from the Department of
urgery of San Matteo Hospital were treated surgically (ST).

2

r
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.2. Methods

This retrospective study was approved by the institutional
thics review board of both hospitals that waived the require-
ent for informed consent.
Underlying pathologies, size and number of the abscesses

ere determined. In case of multiple abscesses, the size of
he largest one was estimated.

Patients’ outcomes, including the length of hospital stay,
rocedure-related complications, treatment failure and death,
ere recorded.

.2.1. Percutaneous treatments
Both NA and CD were performed under US guidance.

he US systems used during the study period were Aloka
rosound SSD-5000 (Tokyo, Japan) with a 3.0–6.0 MHz con-
ex array broadband probe and a 3.5 MHz microconvex probe
t the Department of Infectious Diseases of Cotugno Hospi-
al, and AU5 Harmonic (ESAOTE, Genoa, Italy) equipped
ith a 3.5–5.0 MHz convex array probe at Department of

nfectious Diseases of San Matteo Hospital.
The freehand technique was used both at Cotugno Hospital

nd at San Matteo Hospital.
On both institutions the methodologies for percutaneous

eedle aspiration and catheter drainage elsewhere described
ere followed [6,15].
As a rule, fine-needle aspiration was used for abscesses

p to 6 cm in size. Catheter from 8 to 10 F was positioned
n case of abscesses larger than 6 cm, and removed when no

ore than 10–20 mL of material was drained during a period
f 24 h.

.2.2. Surgical treatment
Surgical drainage was performed as the first-line treatment

ue to the choice of the surgical team until the year 2000,
fterwards there was a case discussion with the team of infec-
ious diseases units. In case of failure of surgical drainage,
epatic resection was executed.

Either in patients treated percutaneously or surgically,
erobic, anaerobic and fungal cultures were performed on
he aspirated material, accompanied by sensitivity testing.
ystemic broad-spectrum antibiotics were administered until

he results of pus culture were available. Afterwards, the
ost active antibiotic was given. In patients with a cyto-

ogical diagnosis of abscess but negative findings of pus
ultures, broad-spectrum antibiotic therapy was continued.
he patients were discharged from the hospital on oral
ntibiotics, to complete a 6-week course from the time of
rocedure, when fever and clinical signs disappeared and the
bscess’ dimensions were reduced to at least one-third of the
nitial size on US examination.
.3. Variables

We considered sex, age, number and size of abscess,
elapses and length of hospital stay. Besides, based on
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Table 1
Results of pus cultures in 148 patients with 205 pyogenic liver abscesses

Results of pus culture PT ST Overall

Aerobic organism
Escherichia coli 24 (23.1) 13 (29.5) 37 (25.0)
Staphylococcus aureus 8 (7.7) 4 (9.1) 12 (8.1)
Klebsiella 8 (7.7) 2 (4.6) 10 (6.8)
Enterobacter – 1 (2.3) 1 (0.7)

Anaerobic organism
Peptostreptococcus spp. 10 (9.6) 4 (9.1) 14 (9.4)
Bacteroides 8 (7.7) – 8 (5.4)
Fusobacterium 2 (1.9) – 2 (1.4)
Others 9 (8.7) 3 (6.8) 12 (8.1)
Mixed 12 (11.5) 4 (9.1) 16 (10.8)
Negative 23 (22.1) 13 (29.5) 36 (24.3)

Total 104 44 148

PT: percutaneously treated patients; ST: surgically treated patients. Figures
in parenthesis are percentages.

Table 2
Underlying pathology of the 148 patients with 205 pyogenic liver abscesses

Underlying pathology PT ST Overall
No. (%) No. (%) No. (%)

Biliary tract diseases 17 (16.3) 12 (27.3) 29 (19.6)
Acute cholecystitis 5 (4.8) 4 (9.1) 9 (6.1)
Ascending cholangitis 12 (11.5) 8 (18.2) 20 (13.5)

Malignancies 36 (34.6) 16 (36.4) 52 (35.1)
AIDS 8 (7.7) – 8 (5.4)
Diabetes 9 (8.7) 6 (13.6) 15 (10.1)
Previous abdominal surgery 9 (8.7) – 9 (6.1)
Others 22 (21.1) 9 (20.4) 31 (21.0)
Cryptogenic 3 (2.9) 1 (2.3) 4 (2.7)

Total 104 44 148
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Patients’ clinical characteristics on admission are reported
in Table 3. No septic condition was recorded in our cohorts.

Table 3
Clinical characteristics on admission in the 148 patients with 205 pyogenic
liver abscesses

Symptoms and signs No. of patients (%)

Fever 133 (89.9)
92 G. Ferraioli et al. / Digestive a

uration of hospital stay and therapeutic procedures, we cal-
ulated costs.

.4. Costs

The costs were calculated using diagnosis related group
DRG) system, a method currently used in the USA and
n some European countries to reimburse hospitals. The
RG system classifies hospital cases into approximately
00 groups, each one expected to consume similar hospi-
al resource. The effective reimbursement is fixed for groups
f pathology, related to a chosen treatment, and increases in
ase of complications. In the DRG system the hospitalization
ength is established according to procedures used.

In the reimbursement scheme adopted in our country,
here is no difference between hepatic resection and surgi-
al drainage. Thus, costs are unaffected by different surgical
rocedures.

.5. Follow-up

The follow-up was based on US and clinical examina-
ions performed in all patients every 3 days during the first
eek, monthly for the first 6 months after the procedure, and

very 6 months thereafter. Follow-up studies were terminated
hen findings of two consecutive US examinations showed

omplete healing of the liver parenchyma.

.6. Statistical analysis

Continuous variables were summarized as frequency and
ercentage. Multiple logistic regression model was used to
ssess the relationship between length of hospitalization and
emographic and clinical characteristics of the patients. In
he model the dependent variable was length of hospital stay
oded as 0 when shorter or equal to 14 days (short hospitaliza-
ion) or as 1 when longer than 14 days (long hospitalization).
s candidate risk factors for longer hospitalization we con-

idered age, sex, abscess number, size, and percutaneous or
urgical treatment.

Variables found to be associated to the dependent variables
n univariate logistic regression at a probability threshold
0.10 were included in multivariate logistic regression mod-
ls.

Regression analysis was performed using PROC LOGIS-
IC sub routine in SAS (SAS Institute, Inc. Cary, North
arolina, USA). A p value less than 0.05 was considered

o indicate a statistically significant difference.

. Results
Two hundred and five PLA were found in 148 patients.
he results of pus cultures are reported in Table 1.

Thirty-five of 148 patients (23.6%) had multiple liver
bscesses (range 2–8).

N
A
J
H

F

T: percutaneously treated patients; ST: surgically treated patients. Figures
n parenthesis are percentages.

The mean size of the abscesses was 5.2 cm (range
.7–12.0 cm).

Underlying pathologies of abscess formation are reported
n Table 2. A potential underlying pathology was found in 144
f 148 patients (97.3%). In 21 of 52 patients (40.4%) with
alignancies, the primary site was the biliary tract. Eleven

f 29 patients (37.9%) with biliary diseases had had a prior
iliary procedure.
ausea 101 (68.2)
bdominal pain 59 (39.9)

aundice 30 (20.3)
epatomegaly 77 (52.0)

igures in parenthesis are percentages.
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Table 4
Variable analysed in the 148 patients with 205 pyogenic liver abscesses

Variable All PT (%) ST (%) Statistical significance

Patients no. 148 104 44
Mean age (yr) 61 63 57 ns

Sex
Male 90 (60.8) 63 (60.5) 27 (61.3) ns
Female 58 (39.2) 41 (39.5) 17 (38.7) ns

Patients with solitary abscess 113 (76.4) 83 (79.8) 30 (68.2)
Patients with multiple abscesses 35 (23.6) 21 (20.2) 14 (31.8)

Abscess mean size (cm) 5.2 5.1 5.3 ns

Hospital stay in days (range)
All patients 10.5 (3–38) 5.7 (3–18) 19.0 (6–38) 0.001
Patients with solitary abscess 9.8 (3–38) 5.6 (3–10) 19.2 (6–38) 0.001
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stay of 3–29 days. In our series of patients, no complications
were recorded. Thus, the mean cost per patient was Euro
1746.88.

Table 5
DRG reimbursement scheme for liver abscesses

Procedure DRG reimbursement (in Euro)

Uncomplicated Complicated
Patients with multiple abscesses 13.2 (3–31)

T: percutaneously treated patients; ST: surgically treated patients. Figures

.1. Percutaneous treatments group

A hundred and four patients with 138 PLA were treated
ercutaneously. Eighty-three of 104 patients (79.8%) had
olitary and 21 of 104 patients (20.2%) multiple PLAs. The
ean diameter of PLA was 5.1 cm (range, 1.7–12.0 cm)

Table 4).
No statistically significant difference was found between

atients from the two different departments of infectious dis-
ases in terms of clinical data and abscess characteristics.

The length of hospital stay ranged from 3 to 10 days (mean,
.6 days) for patients with solitary PLA, and from 3 to 18
ays (mean, 6.7 days) for patients with multiple PLA, the
ifference did not reach statistical significance. A hundred
nd three of 104 patients (99.0%) had a hospital stay duration
f less than 14 days.

No death occurred. No procedure-related complications
ccurred.

Ninety-one of 104 patients (87.5%) were treated by NA,
nd 13 of 104 patients (12.5%) by CD. Abscesses treated
ith CD were larger than those treated with NA (mean size,
.0 cm; range 5.5–12.0 cm; versus mean size, 4.3 cm; range,
.7–8.0 cm).

Eighty-five of 91 (93.4%) patients were treated in a sin-
le session. In 66 of 85 (77.6%) a single needle insertion
as performed, whereas in 19 of 85 (22.4%) more than one
eedle insertion was required. In 6/91 (6.6%) patients, two
essions of NA were necessary because the fever did not
emit, and the size of PLAs remained unchanged on US
xamination.

All percutaneous treatments were successful. None
equired surgery.

.2. Surgical treatment group
Forty-four patients with 67 PLA were treated surgically.
hirty of 44 patients (68.2%) had solitary and 14 of 44
atients (31.8%) had multiple PLAs. The mean diameter was

P
S
S

(3–18) 18.7 (11–31) 0.001

thesis are percentages. Statistical significance: PT versus ST.

.3 cm (range, 2.0–12.0 cm) (Table 4). Length of hospital stay
anged from 6 to 38 days (mean, 19.2 days) for patients with
olitary PLA, and from 11 to 31 days (mean, 18.7 days) for
atients with multiple PLA, without a statistically significant
ifference. Eleven of 44 patients (25.0%) had a hospital stay
f less than 14 days.

No death occurred. The overall morbidity rate was 9.1%.
wo patients experienced pneumonia, one pleural effusion
equiring drainage, and one wound infection.

Surgical drainage was successful in 41of 44 patients
93.2%), but three of 41 patients (7.3%) required a second
atheter insertion because of incomplete drainage. Three of
4 patients (6.8%) had hepatic resection because of sur-
ical drainage failure. Two of them had single PLA and
ne multiple PLA. In these three patients, the abscesses
ize did not decrease and fever persisted despite antibi-
tics. They all had multiloculated abscesses containing thick
aterial.

.3. Costs

The PT costs per patient were Euro 1746.88 in case of
ncomplicated PLA and Euro 3105.44 for the complicated
ne. The calculated reimbursement is the same for a hospital
abscess abscess

ercutaneous treatment 1,746.88 3,105.44
urgical drainage 5,287.99 17,101.00
urgical resection 5,287.99 17,101.00
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The costs of hepatic resection or surgical drainage with
ncision were Euro 5287.99 for uncomplicated cases, and
uro 17,101.00 for complicated cases. The mean cost per
atient was Euro 6898.85 (Table 5).

.4. Comparison between percutaneous treatment
n = 104) and surgical treatment (n = 44) groups

There was no statistically significant difference in
atients’ demographics of the two groups. AIDS was an
nderlying disease only in the PT group, whereas biliary
ract diseases were more common in the ST group (27.3%
ersus 16.3%). Only patients in the PT group had previ-
us abdominal surgery. No statistical difference in abscess
ize was observed. Multiple PLAs were found in 31.8% of
ases in ST group and 20.2% in the PT group (p < 0.05)
Table 4). Within groups, there was no statistically signif-
cant difference in length of hospital stay between patients
ith solitary and with multiple PLA. There were three

reatment failures in the ST group, and none in the PT
roup.

There was a statistically significant difference in the mor-
idity rate between the two groups (p < 0.001). Costs of PT
ere significantly lower than costs of ST (p < 0.001).
From the multivariate analysis, surgical therapy was the

nly predictor of long hospitalization (>14 days).

.5. Follow-up

Complete resolution of parenchymal lesions at imaging
as observed within maximum 86 days (range, 44–86 days;
ean, 56 days) after discharge from the hospital. During

he follow-up, (range, 4–12 months; mean, 9 months) no
ecurrence of abscesses was observed in both groups. No
ifferences were observed between the two groups in terms
f time to healing.

Eight patients were lost to follow-up before complete heal-
ng of liver abscess was achieved.

. Discussion

In the last decades, the treatment and prognosis of
yogenic liver abscesses have significantly improved [16].
he use of new antimicrobials, advancements in diagnos-

ic imaging techniques, and percutaneous image-guided
rainage procedures are the main factors accounting for the
bserved improvements [1,9,11,16,17]. Nowadays, image-
uided percutaneous drainage is the treatment of choice
f PLA. It must be available in every hepato-biliary unit
here a close cooperation between surgeons and inter-
entional radiologists usually exists. The presence of a

oexisting primary intra-abdominal pathology, the success
ate of the procedure and expertise in managing PLA
re factors to be considered in selecting the choice of
herapy [1]. Surgery is reserved to severe cases, such as

t
c
i
h

r Disease 40 (2008) 690–696

perative treatment of causative underlying diseases. Thus,
ercutaneous and surgical techniques are not competing
ethods, but have different indications and surgery also

epresents an option for non-responders to percutaneous
reatment.

In this retrospective study, the results obtained in the
wo groups are not completely comparable because they
ere observed in different period of time. Nonetheless,

hey show that, independently from the management strat-
gy used for PLA treatment, all patients recovered. The
atients in the ST group had a significantly longer dura-
ion of hospital stay. Even though the rate of multiple PLAs
as significantly higher in the ST group compared to the
T group the abscesses number did not significantly affect

he length of hospital stay. Patients with multiple PLA
ad a shorter hospitalization in the PT group compared to
T group. The effectiveness of percutaneous drainage of
ultiple PLA was similar to that of surgery. This result

s in keeping with other published studies [18,19], and
uggest that percutaneous drainage should always be under-
aken before surgery, the latter being reserved to selected
ases such as those in which the percutaneous option has
ailed or with large multiloculated abscesses containing
hick pus or when an underlying pathology requires oper-
tion. In our study, none patients in the PT group had
nderlying pathologies needing a not deferrable surgical
reatment.

There are dissimilarities in patients’ population between
ur series and that of other studies [2,3,5]. In our series,
alignancy was the most frequent underlying pathology in

oth groups. Moreover, 8 of 104 patients (7.7%) in the PT
roup had AIDS. Both conditions might be associated with
poor prognosis [6,16]. Nonetheless, no death occurred dur-

ng the hospitalization and the follow-up period. Besides,
n our series of patients there were nine cases of postsurgi-
al PLA in the PT group. These differences in underlying
athologies did not lead to a longer duration of hospital stay
ompared to literature data [1,18]. In our series the mean
ollow up period was 9 months and it was tailored to liver
bscess healing and not to underlying pathologies. It was
erminated when findings of two consecutive US exami-
ations showed complete healing of the liver parenchyma.
ight patients were lost to follow up before complete heal-

ng of liver abscess was achieved. Taking this into account
akes our results less surprising and more in keeping with

he available literature. Gram-negative aerobes were the
ajor abscess pathogens in our series. Similar to other

eports [3,13,18], Escherichia coli was the most common
athogen, with a percentage of 25% of cases. The spectrum
f causative organisms is similar to other European stud-
es, but in Asian countries other distributions are seen (with
igh proportions of Klebsiella) [20]. The comparability with

hese patients’ population is therefore limited. In 24.3% of
ases, the results of pus culture were negative. This find-
ng might be due to antimicrobial therapy regimen before
ospitalization.
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No significant difference was found between the PT and
T group in terms of treatment success rate, suggesting that
oth procedure are effective.

Nonetheless, the aggressiveness of surgery should be
aken into account. Patients in the ST showed a longer length
f hospital stay and a higher morbidity rate.

This being a retrospective study, the selection criteria
ere also a function of time period considered; specifi-

ally, PTs were chosen where and when available (i.e. in
he two departments of infectious diseases they were con-
idered first choice based on the available local expertise)
hereas surgical drainage was chosen by local surgeons as
first-line treatment, based on their own expertise and the

ime of intervention. This was 1981–2002, which includes a
ecade when PTs were not as popular as they became later
n.

Over the last two decades, open surgical drainage has been
ncreasingly been reserved to patients unsuitable for percu-
aneous drainage, the latter being safe, less invasive, more
cceptable to patients and cheaper.

Nowadays, besides effectiveness of a treatment and reduc-
ion of patient discomfort, procedure-related costs is another
ssue that should be taken into account. Yet, to our knowl-
dge, an analysis of costs of PT and ST has never been
ttempted. In a world of limited health care resources, the
enefits of an intervention in relation to its costs should be
onsidered, in order to balance costs against clinical out-
omes. Economic evaluations are increasingly common in
he medical literature [21–23]. Assigning a monetary value
o a service or consumed resource is not trivial because clin-
cians should be aware not only of the clinical benefits of

particular strategy, but of the economic consequences as
ell.
All but one patient in the PT group had a hospitalization

horter than 14 days and the statistical analysis showed that
he only factor influencing length of hospitalization was the
ype of treatment (ST or PT).

There are a number of limitations to our study. First, it
as retrospective and the analysis of costs could only be
ased on DRGs. Second, costs presented in this study were
ot adjusted to the medical care costs of the study period.
e did not think that this adjustment was necessary because

hanges in costs would have the same effect on both proce-
ures.

Third, the number of patients in the surgically treated
eries is different from that of the percutaneously treated
eries. This is because percutaneous drainage has become
he preferred choice of PLA treatment in the last
ecade.

The results of this study confirm that percutaneous and
urgical treatment of pyogenic liver abscesses are both effec-
ive, but percutaneous drainage carries lower morbidity and is

heaper. In similar clinical settings, percutaneous drainage of
iver abscesses should always be attempted as the first choice
reatment, and it might help to optimise clinical conditions
rior to surgery.
r Disease 40 (2008) 690–696 695

Practice points

• In our series Gram-negative aerobes were the
major abscess pathogens. Escherichia coli
was the most common pathogen, with a per-
centage of 25% of cases.

• The results of our study suggest that percuta-
neous drainage should always be undertaken
before surgery, the latter being reserved
to selected cases such as those in which
the percutaneous option has failed or with
large multiloculated abscesses containing
thick pus or when an underlying surgical
pathology requires operation.

• Percutaneous drainage must be available in
every hepato-biliary unit where a close coop-
eration between surgeons and interventional
radiologists usually exists.

Research agenda

• Percutaneous drainage of liver abscesses
should always be attempted as the first
choice treatment, and it might help to opti-
mise clinical conditions prior to surgery.

• Prospective studies on comparative analysis
of procedure-related costs are needed.
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