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Abstract

Background Percutaneous drainage (PCD) is now the

first-line drainage method for liver abscess because of its

minimal invasiveness and high technical success rate.

However, this procedure has several disadvantages, such as

extra-drainage and self-tube removal. Recently, EUS-gui-

ded liver abscess drainage (EUS-AD) has been developed.

However, only a few reports of EUS-AD have been

reported. In addition, the clinical benefits of PCD and EUS-

AD have not been reported.

Aims In the present study, the safety and feasibility of

EUS-AD using fully covered SEMS (FCSEMS) and the

clinical outcomes of EUS-AD and PCD were examined

retrospectively.

Methods Twenty-seven consecutive patients who under-

went PCD or EUS-AD between April 2012 and April 2015

were included in this study. EUS-AD was performed using

FCSEMS. In addition, to prevent stent migration, 7-Fr pig

tail plastic stent was placed within FCSEMS.

Results Technical success was achieved in all patients of

both groups. Clinical success was 100 % in the EUS-AD

group although it was 89 % in PCD group (P = 034).

Three adverse events were seen in the PCD group (self-

tube removal n = 1, tube migration n = 2), but no adverse

events were seen in the EUS-AD group. The median hos-

pital stay was significantly shorter in the EUS-AD group

than in the PCD group (21 vs 41 days, P = 0.03).

Conclusion Because of the short hospital stay, the high

clinical success rate, and the low adverse event rate com-

pared to PCD, EUS-AD has potential as a first-line treat-

ment for liver abscess.

Keywords Liver abscess � Endoscopic ultrasound-guided
liver abscess drainage � Endoscopic ultrasound-guided fine-

needle aspiration � Endoscopic ultrasound-guided

drainage � Interventional EUS � Endoscopic ultrasound

Introduction

Liver abscesses sometimes require not only antibiotic agent

treatment, but also drainage, such as percutaneous drainage

(PCD) or aspiration [1, 2] or surgical drainage [3]. Surgical

drainage is indicated for multiple abscesses or failed PCD,

but this procedure is invasive and has relatively high mor-

tality and morbidity rates [4, 5]. On the other hand, PCD is

now the first-line drainage method for liver abscess because

of its minimal invasiveness and high technical success rate

[1, 2]. However, this procedure has several disadvantages,

such as extra-drainage and self-tube removal.

Recently, interventional treatment using endoscopic

ultrasound (EUS), such as biliary drainage [6] or pancreatic

duct drainage [7], has been developed. In the same manner,

EUS-guided liver abscess drainage (EUS-AD) has been

developed [8]. This procedure may have several advantages,

such as internal drainage and indicated in ascites patients,
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comparedwith PCD.However, only a few case reports or case

series of EUS-AD have been reported [8–16]. In addition, the

clinical benefits of PCD and EUS-AD have not been reported.

Moreover, few cases of EUS-AD using self-expandable

metallic stents (SEMSs) have been reported [13–16].

In the present study, the safety and feasibility of EUS-AD

using fully covered SEMS (FCSEMS) and the outcomes of

EUS-AD and PCD were examined retrospectively.

Materials and Methods

Patients

Consecutive patients with a liver abscess that needed

drainage at Osaka Medical College between April 2012

and April 2015 were enrolled. Liver abscess was diagnosed

by typical imaging, clinical symptoms such as abdominal

pain and fever, and elevated markers of inflammation on

blood examination.

In our institute, the first-line drainage method for liver

abscess was PCD. Indications for EUS-AD were: (1)

presence of ascites; (2) possibility of self-tube removal due

to dementia; or (3) absence of a safe puncture route for the

PCD procedure. All patients were given antibiotics before

undergoing any procedures, and all patients underwent

computed tomography (CT) the day after EUS-AD.

Patients provided their written informed consent for all

procedures associated with the study.

Technical Tips for Percutaneous Liver Abscess

Drainage

PCD was performed by one experienced physician (D.M.)

who was trained in percutaneous biliary drainage (PTCD).

Liver abscesses were detected at a frequency of 5.0 MHz

using a convex transducer under ultrasonographic guidance.

The liver abscess was then punctured using an 18-G FNA

needle, and necrotic material was aspirated. The contrast

medium was injected, and a 0.035-inch guidewire was

inserted into the cavity of the liver abscess. Finally, an 8-Fr

pig tail drainage tube was placed within the liver abscess. If

the clinical effect was insufficient, the drainage tube size

was increased up to 10 Fr.

Technical Tips for EUS Drainage of Liver Abscess

(Video)

EUS-AD was performed by one therapeutic endoscopist

(T.O.) who was trained and experienced in both EUS and

endoscopic retrograde cholangiopancreatography (ERCP).

The liver abscess was visualized at a frequency of 7.5 MHz

using a convex echoendoscope (GF-UGT260; Olympus

Optical, Tokyo, Japan) connected to an ultrasound device

(SSD5500; Aloka, Tokyo, Japan). If the liver abscess was

located in the left lobe, puncture was performed mainly from

the stomach. If the liver abscess was located in the right liver

lobe, EUS-AD was performed from the duodenum. After the

liver abscess was identified, it was punctured using a 19-G

FNA needle (Sono Tip Pro Control 19G; Medi-Globe

GmbH, Rosenheim, Germany or Medico’s Hirata, Osaka,

Japan) using Doppler ultrasonography to avoid any inter-

vening vessels (Fig. 1a). Necrotic material was aspirated,

and a small amount of the contrast medium was injected

(Fig. 1b). Then, the 0.025-inch guidewire (VisiGlide;

Olympus Medical Systems, Tokyo, Japan) was coiled within

the liver abscess (Fig. 1c). Next, the ERCP cannula was

exchanged to dilate the fistula. If SEMS insertion into the

liver abscess was difficult, dilation was performed using a

4-mm balloon catheter (ZARA�, EPBD balloon catheter,

Century Medical, Inc., Japan). The metallic stent delivery

system was inserted into the liver abscess, and an FCSEMS

(BONA stent, Standard Sci Tech Inc, Seoul, Korea,

10 mm 9 6, 8 cm, or Niti-S Covered Metallic stent

10 mm 9 12 cm, TaeWoong Medical, Seoul, Korea) was

placed from the liver abscess to the stomach or duodenum

(Fig. 1d, e). Finally, we inserted 7-Fr pig tail plastic stent

within FCSEMS to prevent stent migration. If the clinical

effect was insufficient, aspiration of necrotic material was

performed under endoscopic guidance. Figure 2 showed CT

imaging of pre- and post EUS-AD.

Definitions

The maximum size of the liver abscess was measured by CT

imaging. Technical success was defined as successful

placement of the PCD tube or EUS-AD stent. Clinical

success was also defined as complete resolution of clinical

symptoms, such as abdominal pain and fever, or decreased

inflammation on blood examination within 14 days after

each procedure. Recurrence of liver abscess after each

procedure was defined as the typical symptoms with imag-

ing findings. The follow-up period was measured from the

day of performing PCD or EUS-AD to the final observation.

Hospital stay was calculated from the day of each procedure

to the day of each patient’s discharge. Adverse events were

defined according to the American Society for Gastroin-

testinal Endoscopy lexicon’s severity grading system [17].

Results

Patients’ Characteristics

In this study, 27 patients with a liver abscess were enrolled.

Table 1 shows the patients’ characteristics. PCD was
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Fig. 1 a Liver abscess was punctured using 19G FNA needle. b The

contrast medium was injected through FNA needle. c 0.025-inch

guidewire was inserted into liver abscess cavity. d Fully covered self-

expandable metallic stent was placed from liver abscess to the

duodenum. e Endoscopic image of EUS-AD

Fig. 2 a Huge liver abscess was seen in right lobe. b Size of liver abscess was decreased after 1 week from EUS-AD. c Fully covered self-

expandable metallic stent and pig tail plastic stent were placed
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performed for 19 consecutive patients (median age

66.0 years, range 46–85 years; 16 males, three females),

and EUS-AD was performed for eight patients (median age

66.5 years, range 31–84 years; four males, three females).

The location of the liver abscess was left in 12 and right in

seven in the PCD group, and left in six and right in two in

the EUS-AD group (P = 0.56). Median abscess size was

not significantly different between PCD and EUS-AD (73.7

vs 74.6 mm, P = 0.59). On blood examination, the mean

white blood cell (WBC) count was 14371.4/ll, and the

mean C-reactive protein (CRP) was 16.3 mg/dl in the PCD

group, and the mean WBC count was 13229.0/ll and the

mean CRP was 10.4 mg/dl in the EUS-AD group, with no

significant differences. Relatively long-term follow-up

(PCD median 268 days, EUS-AD 218 days; P = 0.09) was

performed.

The indications for EUS-AD were: (1) risk of self-tube

removal, n = 5; (2) ascites, n = 2; and (3) recurrence of

liver abscess after PCD tube removal, n = 1. The source of

the infections was: Klebsiella pneumonia (n = 9),

unknown (n = 12), Escherichia coli (n = 4), Salmonella

(n = 1), and Amebiasis (n = 1).

Overall Outcomes of Percutaneous and EUS-Guided

Liver Abscess Drainage

Table 2 shows the overall outcomes of percutaneous and

EUS-guided liver abscess drainage. Technical success was

achieved in all patients of both groups. Clinical success was

obtained in all patients in the EUS-AD group. However, in

the PDC group, effective drainage could not be obtained in

two patients. One patient had a huge liver abscess

(99.28 mm, caused by salmonella) and sepsis, and 25 days

after the PCD procedure, this patient died. Another patient

had advanced malignant cancer, and effective drainage

could not be obtained. The median number of procedures

was not significantly different between the two groups. On

the other hand, three adverse events were seen in the PCD

group (self-tube removal n = 1, tube migration n = 2), but

no adverse events were seen in the EUS-AD group.

Table 1 Patients’

characteristics
PCD

n = 19

EUS-AD

n = 8

P value

Median age (range), year 66 (46–85) 66.5 (31–84) 0.40

Sex (male/female) 16:3 4:3 0.15

Location

Left lobe 12 6 0.56

Right lobe 7 2

Median abscess size (mm, range) 73.7 (32.8–144.4) 74.6 (61.9–99.3) 0.59

Mean WBC count (ll) 14371.4 13229.0 0.15

Mean CRP (mg/dl) 16.3 10.4 0.84

Median observation period, days (range) 268 (17–1081) 218 (17–396) 0.09

Table 2 Overall outcomes of

PCD and EUS-AD
PCD

n = 19

EUS-AD

n = 8

P value

Technical success % (n) 100 (19/19) 100 (8/8) –

Clinical success % (n) 89 (17/19) 100 (8/8) 0.34

Median number of procedures (range) 1 (1–4) 1.5 (1–2) 0.35

Mean post-WBC count (ll) 9716.2 8822.5

Mean post-CRP (mg/dl) 7.82 7.12

Adverse event

Total number 3 0 0.30

Adverse events

Self-tube removal 1

Stent migration 2

Median hospital stay, days (range) 41 (17–187) 21 (11–200) 0.03

Recurrence of liver abscess (n) 1 0 0.60
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The median hospital stay was significantly shorter in the

EUS-AD group than in the PCD group (21 vs 41 days,

P = 0.03).

During follow-up, recurrence of the liver abscess was seen

in one patient. This patient underwent PCD, and effective

drainage was obtained. However, 6 months after tube

removal, recurrence of the liver abscess was seen, and EUS-

AD was performed. This patient underwent clinical follow-

up for 6 months, with no recurrence of the liver abscess.

Discussion

The gold-standard treatment for liver abscess is PCD, and

the technical success rate of this procedure has been

reported to range from 85 to 95 % [18, 19]. However, the

disadvantages of this procedure are extra-drainage and self-

tube removal, and these adverse events may lead to patient

discomfort. On the other hand, EUS-AD, a novel drainage

procedure, has been reported. In the present study, the

technical and functional success rates of EUS-AD were

extremely high, and the rate of adverse events was low

compared with PCD. In addition, the hospital stay was

shorter in the EUS-AD group than in the PCD group.

Compared with PCD, EUS-AD has several advantages,

including initial internal drainage, so that the risk of self-

tube removal is not present. In addition, the patient’s

quality of life is maintained. In addition, clear visualization

of the internal vessels can be obtained by color Doppler

ultrasound [11], and transcutaneous infection can be

avoided. If the stent of EUS-AD is present without

removal, it is difficult for a liver abscess to occur, although

this should be confirmed by long-term follow-up.

However, in EUS-guided transluminal drainage, use of a

metallic stent is one of the important points. First, if a

plastic stent is used in EUS-guided transluminal drainage,

the contents of the drainage area may leak into the

abdominal cavity. Since a plastic stent is thin compared

with a metallic stent, the contents of the drainage area may

flow through the stent and drainage area or through the

abscess wall [6]. On the other hand, SEMSs are expandable

and have a large diameter, resulting in impaction between

the stent and the surrounding drainage area or abscess wall.

Second, a metallic stent has a large diameter (*[30 Fr)

that is clinically useful because it can provide an excellent

drainage effect compared with a PCD tube.

Table 3 shows previous reports of EUS-AD using

metallic stents. To date, only a few case reports or case

series of EUS-AD have been reported [8–16]. In addition,

only ten cases of EUS-AD using an SEMS have been

reported [13–16]. According to these reports, technical

success was obtained in all patients, and clinical success

rates of EUS-AD ranged from 71.4 to 100 %. The approach

route was from the stomach in 16 and the duodenum in

three. Liver abscesses are usually located in the left or

caudate lobe. Indeed, EUS-guided transluminal drainage

for the right hepatic bile duct [20] or the right lobe is

technically difficult. With EUS-AD, only one case of a

right liver abscess has been reported [16]. On the other

hand, in the present study, two cases of right liver abscess

were included. To visualize the right lobe, the echoendo-

scope was introduced into the duodenum. First, the

Table 3 Summary of EUS-guided liver abscess drainage

References Number Location (n) Approach

route (n)

Stent Technical

success (%)

Clinical

success (%)

Adverse

events

Seewald et al. [8] 1 Left lobe Gastric 7-Fr ENCD 100 (1/1) 100 (1/1) None

Ang et al. [9] 1 Left lobe Gastric 8-, 10-Fr pig tail PS 100 (1/1) 100 (1/1) None

Noh et al. [10] 3 Caudate lobe (2)

Left lobe (1)

Gastric (2)

Duodenal (1)

7-Fr pig tail PS

7-Fr ENCD

100 (3/3) 100 (3/3) None

Itoi et al. [11] 2 Caudate lobe (1)

Left lobe (1)

Gastric (1)

Duodenal (1)

7-Fr straight and

pig tail PS

5-Fr ENCD

100 (2/2) 100 (2/2) None

Keohane et al. [12] 2 Caudate lobe (2) Gastric (2) 7-Fr pig tail PS

10-Fr pig tail PS

100 (2/2) 100 (2/2) None

Medrado et al. [13] 1 Left lobe Gastric 10 mm 9 6 cm, FCSEMS 100 (1/1) 100 (1/1) Stent

migration

Alcaide et al. [14] 1 Left lobe Gastric LASEMS 100 (1/1) 100 (1/1) None

Kawakami et al. [15] 1 Left lobe Gastric LASEMS 100 (1/1) 100 (1/1) None

Tonozuka et al. [16] 7 Left lobe (6)

Right lobe (1)

Gastric (6)

Duodenal (1)

LASEMS (2)

FCSEMS (5)

100 (7/7) 71.4 (5/7) None

ENCD endoscopic nasocystic drainage, PS plastic stent, FCSEMS fully covered self-expandable metallic stent, LASEMS lumen apposing self-

expanding metallic stent
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common bile duct was identified, and then, the hepatic

hilum was identified using counterclockwise rotation. Next,

using the echoendoscope’s right–left angle, echo-imaging,

and radiographic guidance, the right hepatic lobe was

identified. In this procedure, EUS was moved extremely

slowly and softly to avoid duodenal perforation. However,

this technique cannot be usually performed; therefore, it is

one of the limitations of EUS-AD for right hepatic lobe.

Among the reports of EUS-AD using an SEMS, stent

migration was seen as an adverse event. This fact suggested

that if EUS-AD was performed from the stomach, especially

the upper stomach, there is a possibility of stent migration as

in EUS-guided hepaticogastrostomy (EUS-HGS). To pre-

vent this adverse event, the tips of the EUS-AD should be as

for EUS-HGS and a long SEMS should be selected [21, 22].

Recently, a novel SEMS with anti-migration properties and

a large diameter has become available [14–16]. This SEMS

has a definite clinical impact, but also several limitations.

First, stent migration cannot be completely prevented.

Indeed, stent migration occurred in a case of pancreatic fluid

collection drainage [23]. Therefore, in cases with a possi-

bility of stent migration, the stent in stent method (pig tail

stent within SEMS) may be useful. Second, if the distance

between the liver abscess and the intestinal wall which was

punctured was far, this stent could not be used. For these

reasons, we selected long FCSEMSs.

In the light of these previous reports, although our study

was retrospective with a single operator, the present study

was important because of the relatively large case series,

and it is the first to compare the clinical outcomes between

EUS-AD and PCD.

In conclusion, because of the short hospital stay, the

high clinical success rate, and the low adverse event rate

compared to PCD, EUS-AD has potential as a first-line

treatment for liver abscess, although a prospective, ran-

domized, controlled study is needed.
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