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ABSTRACT
Objective  To compare the effectiveness and safety 
of percutaneous catheter drainage (PCD) against 
percutaneous needle aspiration (PNA) for liver abscess.
Design  Systematic review, meta-analysis and trial 
sequential analysis.
Data sources  PubMed, Web of Science, Cochrane Library, 
Embase, Airiti Library and ​ClinicalTrials.​gov were searched 
from their inception up to 16 March 2022.
Eligibility criteria  Randomised controlled trials that 
compared PCD to PNA for liver abscess were considered 
eligible, without restriction on language.
Data extraction and synthesis  Primary outcome was 
treatment success rate. Depending on heterogeneity, either 
a fixed-effects model or a random-effects model was used 
to derive overall estimates. Review Manager V.5.3 software 
was used for meta-analysis. Trial sequential analysis was 
performed using the Trial Sequential Analysis software. 
Certainty of evidence was evaluated using the Grading 
of Recommendations, Assessment, Development and 
Evaluation system.
Results  Ten trials totalling 1287 individuals were 
included. Pooled analysis revealed that PCD, when 
compared with PNA, enhanced treatment success rate 
(risk ratio 1.16, 95% CI 1.07 to 1.25). Trial sequential 
analysis demonstrated this robust finding with required 
information size attained. For large abscesses, subgroup 
analysis favoured PCD (test of subgroup difference, 
p<0.001). In comparison to PNA, pooled analysis indicated 
a significant benefit of PCD on time to achieve clinical 
improvement or complete clinical relief (mean differences 
(MD) −2.53 days; 95% CI −3.54 to –1.52) in six studies 
with 1000 patients; time to achieve a 50% reduction in 
abscess size (MD −2.49 days; 95% CI −3.59 to –1.38) in 
five studies with 772 patients; and duration of intravenous 
antibiotic use (MD −4.04 days, 95% CI −5.99 to −2.10) in 
four studies with 763 patients. In-hospital mortality and 
complications were not different.
Conclusion  In patients with liver abscess, ultrasound-
guided PCD raises the treatment success rate by 136 in 
1000 patients, improves clinical outcomes by 3 days and 
reduces the need for intravenous antibiotics by 4 days.
PROSPERO registration number  CRD42022316540.

INTRODUCTION
Liver abscess is an intrahepatic infectious 
disease caused by amoeba or bacteria. The 
1-month and intensive care unit mortality 
rates among patients with pyogenic liver 
abscesses can be as high as 7.4% and 28%, 
respectively.1 2 Most patients recover after 
receiving antibiotics, but some require 
image-guided percutaneous interventional 
therapy, which could considerably lower 
morbidity, mortality and the need for surgical 
intervention.3–5

Percutaneous catheter drainage (PCD) and 
percutaneous needle aspiration (PNA) are 
the two primary ultrasound-guided percu-
taneous therapeutic methods used to treat 
liver abscesses. PNA represents intermittent 
needle aspiration, while PCD denotes the 
continuous use of indwelling pigtail catheters. 
Some studies have demonstrated a higher 
treatment success rate with PCD than with 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Our study used trial sequential analysis to synthe-
sise the body of evidence demonstrating the role 
of percutaneous interventions in patients with liver 
abscess.

	⇒ To determine the relationship between abscess size 
and treatment outcome, a comprehensive subgroup 
analysis and meta-regression was conducted.

	⇒ Using the revised Cochrane risk-of-bias tool and 
the Grading of Recommendations, Assessment, 
Development and Evaluation system to evaluate the 
risk of bias and evidence certainty, respectively, is a 
distinguishing feature of our systematic review.

	⇒ Eight of the 10 included studies were conducted 
in India, and the particularly low in-hospital mor-
tality found in this meta-analysis suggest that the 
data may not be representative of liver abscess in 
general.

	⇒ Another limitation of our study is the marginal in-
significance of publication bias using Egger’s test.
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PNA in the management of liver abscesses.6 7 However, 
some authors have also considered that needle aspiration 
is an easier, more cost-effective and equivalently efficient 
interventional therapy.8 9

The best option among the two treatments for liver 
abscess remains inconclusive in different clinical condi-
tions. The goal of this systematic review is to compare the 
efficacy and safety of ultrasound-guided PCD versus PNA 
for liver abscess management.

METHODS
This study is reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement and Cochrane Hand-
book for Systematic Reviews of Interventions.10 11 The 
study protocol is publicly available on PROSPERO. The 
details about amendments and the reasons for them are 
provided in the PROSPERO record.

Search strategy
Five databases, including PubMed, Web of Science, 
Cochrane (Cochrane Database of Systematic Reviews and 
Cochrane Central Register of Controlled Trials), Embase 
and Airiti Library, were independently searched by two 
reviewers (J-WL and C-TC) from their inception to 16 
March 2022. In addition, ​ClinicalTrials.​gov, a web-based 
study registry, was searched. We also performed a manual 
search of the reference lists of all retrieved articles and 
relevant reviews to identify additional eligible studies. 
There was no restriction on language, study type, publi-
cation period or publication status. The detailed search 
strategy is shown in online supplemental table S1.

Eligibility criteria
We included randomised controlled trials (RCTs) 
recruiting patients with uncomplicated or complicated 
liver abscesses and comparing ultrasound-guided PCD 
versus PNA. We excluded studies without a control group 
or those that only had medical therapy as a comparator. 
Trials without a detailed abstract, those that did not have 
its full text available and those that did not include a clin-
ical outcome for the target group were also excluded.

Study selection
Two reviewers (J-WL and C-TC) screened the titles and 
abstracts for relevance, and then they independently 
decided which studies to include according to the eligi-
bility criteria. There was no restriction on language, 
publication period or publication status. If any two 
studies were found to overlap, the publication with more 
cases was selected. Disagreements were resolved through 
discussion with a third reviewer (M-SH).

Outcomes
The primary outcome was the treatment success rate (see 
online supplemental table S2 for more details on the 
definition). The secondary outcomes were (1) in-hospital 
mortality rate; (2) time to achieve clinical improvement 

or complete clinical relief; (3) number of patients with 
a >50% decrease in abscess size at the end of treatment; 
(4) time to achieve a 50% reduction in abscess size; (5) 
number of patients whose abscess disappeared at the 
end of treatment; (6) time to achieve total or near total 
resolution of the abscess; (7) length of hospital stay; (8) 
duration of intravenous antibiotic use; (9) sonographic 
resolution at 6 months; (10) recurrence within 6 months; 
(11) all procedure-related complications; (12) major 
procedure-related complications; and (13) number of 
patients requiring surgical intervention.

Data extraction
The data from individual studies were independently 
extracted by two reviewers (J-WL and C-TC) using a stan-
dardised data extraction form via Excel software (Micro-
soft, 2019 version). Disagreements were resolved through 
discussion with a third reviewer (DH-TY).

If the continuous variable outcomes of interest were not 
available in the retrieved study, we estimated the sample 
mean and SD using the sample size, median, range and 
IQR.12 This meta-analysis included the calculated sample 
mean and SD, but the data were also examined to deter-
mine if they were skewed away from normality.12–15

Risk of bias assessment
Two reviewers (J-WL and I-HL) independently used the 
revised Cochrane risk-of-bias tool (RoB 2.0) to assess the 
methodological quality of eligible studies (summarised in 
online supplemental table S3).16 17 The five domains for 
assessment are (1) bias arising from the randomisation 
process; (2) bias due to deviations from intended inter-
ventions; (3) bias due to missing outcome data; (4) bias 
in measurement of the outcome; and (5) bias in selection 
of the reported result. Regarding the risk involving these 
domains, each RCT was viewed and scored as (1) low 
risk of bias; (2) some concerns; or (3) high risk of bias. 
Disagreements were resolved by discussion with a third 
reviewer (T-FH).

Statistical analysis
Statistical analysis was performed using Review Manager 
V.5.3 software (Nordic Cochrane Centre).18 Binary vari-
ables were expressed as risk ratios (RRs) and 95% CIs. 
For studies with no event in one arm, a fixed value of 0.5 
was added to the zero cells to avoid computational errors. 
The outcomes of studies with no event in either arm are 
displayed as ‘Not estimable’ in the forest plots, and these 
studies were excluded from the meta-analysis statistical 
estimate. Continuous variables were presented as the 
mean and SD, and they were assessed using weighted 
mean differences (MD) and respective 95% CIs.

Statistical heterogeneity across trials was assessed by 
both Cochran’s Q test and the I2 statistic. P values less than 
0.1 and I2 values greater than 50% were considered to 
represent statistical heterogeneity, and a random-effects 
model was used to estimate the variables. Meta-analysis 
was performed using a fixed-effects model if there was 
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no statistical heterogeneity. A p value less than 0.05 was 
considered statistically significant, and all statistical tests 
were two-sided.

Subgroup analysis of the primary outcome was 
performed based on the following subgroups: type of 
abscess pathogen; risk of bias; inclusion criteria for abscess 
size; and actual abscess size. To compare the actual mean 
abscess size among the included studies, we used abscess 
volume. If the included trial did not mention abscess 
volume, the abscess volume was estimated and computed 
using the following formula: estimated volume=4/3 π 
r∧3~4.19 r∧3 (r representing radius). Subgroup analyses of 
the secondary outcomes with continuous variables were 
performed based on data skewness if the estimated data 
included in our meta-analyses were skewed away from 
normality.

For the primary outcome, trial sequential analysis was 
performed using the Trial Sequential Analysis V.0.9.5.10 
Beta software (Copenhagen Trial Unit, Denmark).19 20 
There are substantial risks of random error with cumu-
lative meta-analyses.21 Conventional meta-analyses are 
susceptible to producing false positive and false negative 
results due to repeated significance testing as new trials 
are added and insufficient data size. In trial sequential 
analysis, the required data size was estimated, and the 
statistical significance threshold was modified to account 
for heterogeneity. Moreover, trial sequential monitoring 
limits were estimated.22 Trial sequential analysis may 
reduce the risk of random errors, assist researchers in 
estimating sample sizes for future trials and demonstrate 
robust evidence in meta-analyses.23 Our study’s hypoth-
esis testing parameters included a two-sided test, an 
overall maximum type I error of 5%, and the O’Brien-
Fleming alpha-spending function. The required sample 
size was based on a power of 80%, a relative risk reduc-
tion of 20%, and the incidence in the control arm (the 
PNA group) to determine the required information size. 
A diversity adjustment was also made based on the esti-
mated ratio between the variance of the selected random 
effects model and the variance of the fixed effect.24 Based 
on a previous systematic review, the relative risk reduc-
tion of 20% was estimated to be expected.25 The O’Brien-
Fleming function -spending function was applied to the 
inner wedge futility boundary to determine futility.

For the primary outcome, meta-regression was carried 
out using Comprehensive Meta Analysis V.3.0 software 
(Biostat, Englewood, New Jersey, USA). Sensitivity anal-
ysis for the primary outcome was performed using the 
leave-one-out method to further examine the robustness 
of the results and to identify the possible cause of hetero-
geneity. Egger’s test and funnel plot were employed to 
determine publication bias.

Two reviewers (J-WL and T-FH) evaluated the certainty 
of evidence using the GRADE (Grading of Recommenda-
tions, Assessment, Development and Evaluation) system, 
which includes risk of bias, inconsistency, indirectness, 
imprecision and publication bias.26 The certainty of 
evidence was classified as very low, low, moderate or high. 

Disagreements were resolved by discussion with a third 
reviewer (H-MC).

Patient and public involvement
None.

RESULTS
Study selection
Online supplemental figure S1 shows the PRISMA flow-
chart of this systematic review and the reasons for exclu-
sion of illegible studies. Ten studies were identified using 
databases and registers, while five studies were identified 
using other methods. Four of the 15 studies were elim-
inated due to duplication. A total of 11 studies met the 
eligibility criteria in our review. One study, however, was 
disregarded because it revealed the inappropriate use of a 
28-French pigtail catheter for PCD and an unusually high 
percentage of concurrent pyogenic and amoebic coinfec-
tion (85%).27 Finally, a total of 10 studies involving 1287 
individuals were included in our meta-analysis.6–8 28–34

Study characteristics
Table 1 and online supplemental table S3 show the char-
acteristics of the 10 included RCTs. Most of these studies 
involving young and middle-aged adults with mixed types 
of abscess pathogen were conducted in India. The defini-
tion of treatment success or failure in the different trials 
is provided in online supplemental table S2.

Risk of bias assessment
The complete assessment of the risk of bias in each trial 
is shown in detail in online supplemental figure S2 and 
online supplemental table S4. The main problems with 
the 10 trials involved the inability to blind participants and 
research staff. However, most studies provided a clear and 
comprehensive description of the protocol for the inter-
vention operations as well as the schedule and duration of 
antibiotic administration. Non-adherence to the protocol 
was not mentioned in the trials. One study had an issue 
in selective reporting.7 Most of the study outcomes were 
reported as a range and a p value, without mention of a 
median or mean value. The SD or IQR was not provided 
in full. The overall risk of bias in nine studies (90%) was 
categorised as low or as some concerns.

Primary outcome
Treatment success rate
A total of 10 trials with 1287 randomised participants were 
included in the meta-analysis of success rate.6–8 28–34 The 
success rates in the PCD group and the PNA group were 
96.3% and 84.7%, respectively. PCD therapy increased 
the success rate compared with PNA therapy (RR 1.16, 
95% CI 1.07 to 1.25; p<0.01) (figure 1). Statistically signif-
icant heterogeneity was observed among these trials 
(I2=72%; p<0.01).

Subgroup analysis
Subgroup analysis by inclusion criteria of abscess size 
revealed a trend of higher success rate of PCD versus 
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PNA for large abscess size (test of subgroup difference, 
p<0.001) (online supplemental figure 3A).

A comparison of estimates of the pooled intervention 
effect based on the type of abscess pathogen revealed no 
subgroup difference in any of the subgroups examined 
(test of subgroup difference, p=0.96) (online supple-
mental figure 3B). Based on the revised Cochrane ROB 
2.0, subgroup analysis by study quality revealed a similar 
preference for PCD over PNA (online supplemental 
figure 3C).

Subgroup analysis by actual mean abscess size revealed 
that PCD was significantly more successful than PNA 
for mean abscess sizes greater than 6 cm in diameter or 
113 mL in volume (test of subgroup difference, p=0.03) 

(figure  2). Abscess size was found to be a predictor of 
success rate in univariable meta-regression analysis using 
a random-effects model (p=0.04). The proportion of 
subjects with a solitary abscess (p=0.84), involvement of 
bilateral hepatic lobes (p=0.94) and diabetes mellitus 
(p=0.90) had no effect on univariable meta-regression 
analysis of study characteristics.

Sensitivity analysis
The sensitivity analysis of the primary outcome, which 
excluded data from each included study, had no effect 
on the overall significance of the results (online supple-
mental figure S4).

Figure 2  Forest plots showing subgroup analysis of success rate between percutaneous catheter drainage (PCD) and 
percutaneous needle aspiration (PNA) based on actual mean abscess size.

Figure 1  Forest plots showing the effect of percutaneous catheter drainage (PCD) and percutaneous needle aspiration (PNA) 
on success rate.
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Trial sequential analysis
According to the incidence in the control arm of 84.7%, 
power of 80%, type I error of 5% and relative risk reduc-
tion of 20%, trial sequential analysis with a random-effects 
model revealed the relative risk of 1.16 (95% CI 1.04 to 
1.29; I2=72%, diversity D2=83%, p<0.001). The cumulative 
Z-curve crosses both the traditional and trial sequential 
monitoring boundaries in favour of PCD, with the 1191 
subjects of required information size obtained (figure 3).

Publication bias
The funnel plot of SE versus log RR for success rate 
revealed a slightly asymmetrical distribution by visual 
inspection (online supplemental figure S5). Egger’s 
regression intercept test showed no statistical significance 
of publication bias (p=0.07).

Certainty of evidence
Because of the potential risk of bias and the heterogeneity, 
we downgraded the primary outcome of the 10 included 
studies from high to low certainty of evidence. However, 
the combined data from three low-risk studies revealed 
that PCD had a positive effect without heterogeneity. As 
a result, we gave the success rate evidence for the three 
high-quality studies a high certainty rating (table 2).

Secondary outcomes
In-hospital mortality rate
The pooled in-hospital mortality of 10 studies in the PCD 
and PNA groups was 0.9% and 0.6%, respectively.6–8 28–34 
There was no significant difference in in-hospital mortality 
between the two groups (RR 1.35; 95% CI 0.46 to 4.01; 
p=0.59). The heterogeneity was not significant (I2=18%; 

p=0.30) (online supplemental figure S6). The certainty of 
evidence was low.

Clinical improvement
A pooled analysis of six studies indicated a statistically 
significant effect of PCD on the time to achieve clinical 
improvement or complete clinical relief (MD −2.53 days; 
95% CI −3.54 to −1.52; p<0.01), with significant heteroge-
neity (I2=94%; p<0.01). A subgroup analysis based on the 
skewness of the data revealed a preference for PCD over 
PNA (online supplemental figure 7A).28–33 The certainty 
of evidence was high.

Data from five trials show that PCD shortened the time 
to achieve a 50% reduction in abscess size (MD −2.49 days; 
95% CI −3.59 to −1.38; p<0.01) with significant heteroge-
neity (I2=91%; p<0.01). A subgroup analysis based on the 
skewness of the data also revealed a similar preference for 
PCD over PNA (online supplemental figure 7B).7 28 30 32 33 
The certainty of evidence was moderate.

There was no significant difference in the time to 
achieve total or near total resolution of the abscess, the 
number of patients with a >50% decrease in abscess size 
and the number of patients whose abscess disappeared 
at the end of treatment between the two groups (online 
supplemental figure 8A–C).

Sonographic resolution at 6 months was provided by 
one trial, which indicated a beneficial effect of PCD with 
an RR of 1.12 (online supplemental figure 8D).28 The 
certainty of evidence was moderate.

Duration of therapy
Eight studies of 1171 patients examined the length of 
hospital stay.6 8 28–31 33 34 There was no significant differ-
ence between the groups (MD −0.18 days; 95% CI −1.62 to 
1.25; p=0.80). The heterogeneity was significant (I2=92%; 
p<0.01) (online supplemental figure 9A). The certainty 
of evidence was low.

Four trials including 763 participants provided a 
continuous outcome on the duration of intravenous 
antibiotic use.28 29 31 32 The combined results showed that 
PCD reduced the time with considerable heterogeneity 
(I2=94%; p<0.01) (MD −4.04 days, 95% CI −5.99 to −2.10) 
(online supplemental figure 7C). The evidence had a 
moderate degree of certainty.

Recurrence
Seven studies with 920 patients were included in this 
meta-analysis for recurrence of liver abscess within 6 
months.6 7 28 29 31–33 There was no significant difference 
(RR 0.62; 95% CI 0.29 to 1.33; p=0.22) and no heteroge-
neity (I2=0%; p=0.87) (online supplemental figure 7D). 
The certainty of evidence was moderate.

Complications
Meta-analysis from six studies that assessed all procedure-
related complications showed a higher but non-significant 
risk among patients treated with PCD compared with 
those treated with PNA (RR 2.51, 95% CI 0.86 to 7.34; 
p=0.09), without heterogeneity (I2=0%; p=0.44) (online 

Figure 3  Trial sequential analysis of percutaneous catheter 
drainage (PCD) versus percutaneous needle aspiration (PNA) 
for success rate. The blue line (Z-curve) shows the cumulative 
meta-analysis adding the results of individual trials based 
on the year of publication. The horizontal red line represents 
the conventional boundary with a 5% level of significance. 
The monitoring boundary (black sloping lines) shows the 
significance level after adjusting for the cumulative analysis. 
The black vertical line shows the required information size 
(RIS). After diversity adjustment, the estimated information 
size required was 1191 participants.
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supplemental figure 9B).6–8 28 29 31 The certainty of 
evidence was moderate.

In the eight studies that reported major procedure-
related complications, there was no evidence of a differ-
ence between the two groups for this outcome (RR 3.00, 
95% CI 0.13 to 71.02; p=0.50) (online supplemental 
figure 9C).6–8 30–34 The certainty of evidence was low.

Eight studies with a total of 1171 participants evalu-
ated the number of patients requiring surgical interven-
tion.6 8 28–31 33 34 Compared with PNA, the pooled effect 
for PCD showed a small but non-significant effect (RR 
0.77, 95% CI 0.42 to 1.40; p=0.39) without heterogeneity 
(I2=0%; p=0.57) (online supplemental figure 9D). The 
certainty of evidence was moderate.

DISCUSSION
This meta-analysis included 10 randomised trials that 
compared ultrasound-guided PCD to ultrasound-guided 
PNA for liver abscess. PCD was associated with increased 
treatment success rate, a shorter time to achieve clinical 
improvement or complete clinical relief, a shorter time 
to achieve a 50% reduction in abscess size, increased 
sonographic resolution at 6 months, a shorter duration of 
intravenous antibiotic use and a non-significant increase 
in all procedure-related complications.

Five studies (306 participants) were included in a 
prior systematic review and meta-analysis published in 
2015 to evaluate the effects of percutaneous treatment 
methods.25 Because of its higher treatment success rate 
(RR 0.81, 95% CI 0.66 to 0.99), quicker time to achieve 
clinical relief (standardised mean difference (SMD) 0.73, 
95% CI 0.36 to 1.11) and quicker time to achieve a 50% 
reduction in abscess size (SMD 1.08, 95% CI 0.64 to 1.53), 
PCD was found to be a more effective strategy than PNA 
in the meta-analysis. Our study revealed comparable 
results with the potential to reduce the length of intrave-
nous antibiotic use. Additionally, five RCTs that were not 
included in the prior systematic review were included in 
our investigation. We further conducted a trial sequen-
tial analysis of the cumulative meta-analysis to investigate 
the risk of type I error. Information size estimation was 
coupled with an adjusted level of statistical significance. 
Our trial sequential analysis demonstrated that once the 
required information size was attained, the cumulative 
Z-curve crossed both the low alpha-spending and the trial 
sequential monitoring boundaries. Our trial sequential 
analysis proved the robustness of this meta-analysis, in 
which sufficient quality of evidence for the PCD effect has 
also been shown.

In terms of PCD treatment efficacy, complications and 
clinical improvement, two additional recently published 
meta-analyses yielded similar results to our study.35 36 Based 
on abscess size and pus volume, Mahmoud et al performed 
meta-regression analysis.36 Our meta-regression analysis 
supported their conclusion regarding the association 
between abscess size and treatment efficacy. Moreover, 
our meta-regression analysis revealed that solitary abscess, O
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bilateral lobe involvement and diabetes mellitus had no 
impact on the success rate of treatment. In addition, our 
subgroup analysis revealed that the abscess diameter 
and size cut-off values favoured PCD. Lastly, a distinctive 
feature of our meta-analysis is that we conducted trial 
sequential analysis, which demonstrated the robustness 
of PCD’s success rate.

The primary outcome of our meta-analysis revealed 
significant heterogeneity. Risk of bias, type of abscess 
pathogen and abscess size were taken into consideration 
for subgroup analyses. The heterogeneity seen for the 
success rate was greatly reduced by the inclusion criteria 
of abscess size. The success rate of PCD was significantly 
greater than that of PNA for abscesses larger than 6 cm 
in diameter or 113 mL in volume, according to subgroup 
analysis by the actual mean abscess size. In a meta-
regression for treatment success, abscess size was found 
to be a predictor of success rate. Two studies concluded 
that PCD is superior to PNA for the treatment of liver 
abscesses larger than 10 cm in diameter.29 31 According 
to Rajak et al, it is challenging to completely drain large 
abscesses with only a few aspiration efforts.7 Ahmed et al 
claimed that a large abscess cavity (>150 mL), the pres-
ence of biliary communication and a thick pus consis-
tency were the reasons for a failed PNA intervention.28 
Unlike intermittent needle aspiration, percutaneous cath-
eter placement provides continuous drainage without the 
complications of incomplete evacuation and pus reaccu-
mulation. Therefore, PCD was deemed more effective 
than PNA, particularly for large or pus-filled abscesses.6 7

PCD therapy is associated with a higher treatment 
success rate and rapid clinical and radiological improve-
ment (a shorter time to achieve clinical improvement or 
complete clinical relief, a shorter time to achieve a 50% 
reduction in abscess size and a shorter duration of intra-
venous antibiotic use). In our study, there was no signif-
icant difference in the length of hospital stay or time to 
achieve total or near total resolution. In three included 
trials, however, the PCD group had larger abscesses and 
longer hospital stays than the PNA group.8 33 34 A larger 
abscess size and longer time to achieve total or near total 
resolution of the abscess were also observed in the PCD 
group of three included trials.7 33 34 A large abscess at 
admission implied an extended hospital stay and a poor 
prognosis.37 Consequently, it is possible that our study 
underestimated the benefit of PCD on these outcomes, 
and additional studies may be required in the future to 
demonstrate PCD’s other clinical benefit.

Some studies claimed that patients who underwent a 
failed PNA were treated by open or laparoscopic surgical 
drainage.28 29 31 32 34 These patients had to undergo surgery 
due to inadequate drainage, persistent sepsis, ruptured 
liver abscess, peritonitis and gallbladder stones.8 28 29 31 34 
However, the patients who experienced PNA treatment 
failure were converted to PCD treatment in some trials 
but were not added to the PCD group.6 7 28 30 33 34 This 
strategy may reduce the chance of requiring surgery. 
Consequently, PCD, when used as a rescue for PNA, had 

no effect on the number of patients requiring surgical 
intervention in our study.

Another finding of our investigation was the non-
significant increase in all procedure-related PCD compli-
cations. In our study, the overall complication rates for 
PCD and PNA procedures were 2.5% and 0.9%, respec-
tively. This finding was consistent with the results of 
previous research.7 9 28 According to Vakamacawai et 
al (PCD 5.7% vs PNA 0%), Ahmed et al (PCD 2.2% vs 
PNA 0%) and Rajak et al (PCD 8.0% vs PNA 4.0%), there 
was a relative increase in the risk of all complications in 
the PCD group compared with the PNA group.7 9 28 The 
larger diameter of the drainage catheter used to treat 
PCD is a possible explanation. However, the requirement 
for frequent aspiration in the PNA group may also raise 
concerns regarding the rate of complication, particularly 
for large abscesses. In our study, major procedure-related 
complications were not significantly different between 
the two groups, and both interventions were safe treat-
ment modalities for liver abscess.5 25 38 39 Our result served 
as a reminder to clinical healthcare professionals to 
remain vigilant for procedure-related complications. The 
optimal number of participants has not been reached for 
this outcome, and the 95% CI is relatively large. Due to 
the significant limitations in the domain of imprecision, 
we lowered the GRADE certainty rating.

In our meta-analyses, we included skewed data of 
continuous variables for secondary outcomes. A subgroup 
analysis based on the skewness of the data revealed that, 
according to the central limit theorem, there was no 
subgroup difference between the two groups in terms of 
the time to achieve complete or near-complete abscess 
resolution (p=0.10). Subgroup analyses based on the 
skewness of the data also revealed a preference for PCD 
over PNA in terms of the time to achieve clinical improve-
ment or complete clinical relief and the time to reduce 
the abscess size by 50%. Therefore, the addition of skewed 
data had no impact on the treatment effect.

Our study also has several limitations. First, eight of 
the 10 included studies were conducted in India,7 8 28–34 
and the particularly low in-hospital mortality found 
in this meta-analysis suggests that the data may not be 
representative of liver abscess in general. In terms of the 
geographical distribution of studies about liver abscess, 
the top-producing countries were the USA, Taiwan 
and India. In the case of amoebic liver abscess, Indian 
researchers led scientific production.40 Second, liver 
abscesses are generally caused by pyogenic, amoebic 
or mixed infections. However, most included trials 
reported the combined results of pyogenic, amoebic 
and mixed infections.7 28 30–34 Only two studies included 
purely pyogenic liver abscesses, and another study 
included purely amoebic liver abscesses.6 8 29 Therefore, 
we performed a subgroup analysis based on the type of 
abscess pathogen, and the results revealed no subgroup 
difference in the success rate. Third, Egger’s regression 
intercept showed borderline insignificance of publica-
tion bias (p value=0.07). Nevertheless, we performed 
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a thorough literature search to identify all relevant 
published and unpublished research, with the initial 
search result encompassing more than 7000 studies from 
six databases. Web of Science, Cochrane Library, Embase 
and ​ClinicalTrials.​gov were used to search for grey liter-
ature and unpublished studies, including conference 
proceedings, official publications, meeting abstracts and 
trial registers. Local studies composed in Chinese were 
searched using the Airiti Library. Additionally, manual 
searches were performed in the review papers and refer-
ence lists. Fourth, our subgroup analyses often contained 
a very small number of studies, and it is questionable if 
the defining variable for the subgroup is truly the pivotal 
characteristic.

CONCLUSION
Our meta-analysis based on RCTs about ultrasound-
guided therapy for liver abscess revealed that, compared 
with PNA, the PCD was the more effective modality, 
providing a higher treatment success rate, quicker clinical 
improvement, shorter duration of intravenous antibiotic 
use and non-significantly increased all procedure-related 
complications. For abscesses larger than 6 cm in diameter 
or 113 mL in volume, subgroup analysis favoured PCD. 
Trial sequential analysis demonstrated the robustness 
of our findings. Future research into the complications 
associated with these two types of interventions could be 
considered.

Author affiliations
1Department of Emergency Medicine, Taipei Veterans General Hospital, Taipei, 
Taiwan
2Institute of Emergency and Critical Care Medicine, National Yang Ming Chiao Tung 
University, Taipei, Taiwan
3Center for Evidence-based Medicine, Taipei Veterans General Hospital, Taipei, 
Taiwan
4School of Medicine, National Yang Ming Chiao Tung University, Taipei, Taiwan
5Institute of Health Policy and Management, National Taiwan University, Taipei, 
Taiwan
6Department of Emergency Medicine, Taipei Veterans General Hospital Taoyuan 
Branch, Taoyuan, Taiwan
7Institute of Biomedical Informatics, National Yang Ming Chiao Tung University, 
Taipei, Taiwan
8Department of Emergency Medicine, National Defense Medical Center, Taipei, 
Taiwan
9Department of Nursing, Yuanpei University of Medical Technology, Hsinchu, Taiwan
10Division of Faculty Development, Department of Medical Education, Taipei 
Veterans General Hospital, Taipei, Taiwan
11Institute of Public Health, National Yang Ming Chiao Tung University, Taipei, Taiwan
12Ph.D. Program of Interdisciplinary Medicine, National Yang Ming Chiao Tung 
University, Taipei, Taiwan
13Institute of Health and Welfare Policy, National Yang Ming Chiao Tung University, 
Taipei, Taiwan
14Institute of Clinical Nursing, National Yang Ming Chiao Tung University, Taipei, 
Taiwan

Contributors  Conception and design: J-WL, H-MC, T-FH. Study protocol creation: 
J-WL, I-HL, T-FH. Literature search: J-WL, C-TC. Study selection: J-WL, C-TC, 
M-SH. Data extraction: J-WL, C-TC, DH-TY. Risk of bias assessment: J-WL, 
I-HL, T-FH. Evaluation of evidence certainty: J-WL, T-FH, H-MC. Data analysis 
and interpretation: J-WL, T-FH, H-MC. Paper draft: J-WL, H-MC, T-FH. T-FH is 
responsible for the overall content, and acts as the guarantor. Final approval of the 

version to be published: All authors. All authors agree to be accountable for the 
study.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Jin-Wei Lin http://orcid.org/0000-0001-5845-0547
Chung-Ting Chen http://orcid.org/0000-0003-4747-2710

REFERENCES
	 1	 Chen W, Chen C-H, Chiu K-L, et al. Clinical outcome and prognostic 

factors of patients with pyogenic liver abscess requiring intensive 
care. Crit Care Med 2008;36:1184–8. 

	 2	 Losie JA, Lam JC, Gregson DB, et al. Epidemiology and risk factors 
for pyogenic liver abscess in the Calgary health zone revisited: a 
population-based study. BMC Infect Dis 2021;21:939. 

	 3	 Yin D, Ji C, Zhang S, et al. Clinical characteristics and management 
of 1572 patients with pyogenic liver abscess: a 12-year retrospective 
study. Liver Int 2021;41:810–8. 

	 4	 Congly SE, Shaheen AAM, Meddings L, et al. Amoebic liver abscess 
in USA: a population-based study of incidence, temporal trends and 
mortality. Liver Int 2011;31:1191–8. 

	 5	 He S, Yu J, Wang H, et al. Percutaneous fine-needle aspiration for 
pyogenic liver abscess (3-6 cm): a two-center retrospective study. 
BMC Infect Dis 2020;20:516. 

	 6	 Zerem E, Hadzic A. Sonographically guided percutaneous catheter 
drainage versus needle aspiration in the management of pyogenic 
liver abscess. AJR Am J Roentgenol 2007;189:W138–42. 

	 7	 Rajak CL, Gupta S, Jain S, et al. Percutaneous treatment of liver 
abscesses: needle aspiration versus catheter drainage. AJR Am J 
Roentgenol 1998;170:1035–9. 

	 8	 Yu SCH, Ho SSM, Lau WY, et al. Treatment of pyogenic liver 
abscess: prospective randomized comparison of catheter drainage 
and needle aspiration. Hepatology 2004;39:932–8. 

	 9	 Vakamacawai E, McCaig E, Waqainabete I, et al. Amoebic liver 
abscesses in Fiji: epidemiology, clinical presentation and comparison 
of percutaneous aspiration and percutaneous catheter drainage. 
World J Surg 2020;44:665–72. 

	10	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. 
BMJ 2021;372:n71. 

	11	 Higgins J, Thomas J, Chandler J, et al., eds. Cochrane handbook for 
systematic reviews of interventions. Cochrane, 2022.

	12	 Wan X, Wang W, Liu J, et al. Estimating the sample mean and 
standard deviation from the sample size, median, range and/or 
Interquartile range. BMC Med Res Methodol 2014;14:135. 

	13	 Luo D, Wan X, Liu J, et al. Optimally estimating the sample mean 
from the sample size, median, mid-range, and/or mid-quartile range. 
Stat Methods Med Res 2018;27:1785–805. 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5845-0547
http://orcid.org/0000-0003-4747-2710
http://dx.doi.org/10.1097/CCM.0b013e31816a0a06
http://dx.doi.org/10.1186/s12879-021-06649-9
http://dx.doi.org/10.1111/liv.14760
http://dx.doi.org/10.1111/j.1478-3231.2011.02562.x
http://dx.doi.org/10.1186/s12879-020-05239-5
http://dx.doi.org/10.2214/AJR.07.2173
http://dx.doi.org/10.2214/ajr.170.4.9530055
http://dx.doi.org/10.2214/ajr.170.4.9530055
http://dx.doi.org/10.1002/hep.20133
http://dx.doi.org/10.1007/s00268-019-05274-7
http://dx.doi.org/10.1136/bmj.n71
http://dx.doi.org/10.1186/1471-2288-14-135
http://dx.doi.org/10.1177/0962280216669183


11Lin J-W, et al. BMJ Open 2023;13:e072736. doi:10.1136/bmjopen-2023-072736

Open access

	14	 Shi J, Luo D, Wan X, et al. Detecting the Skewness of data from the 
sample size and the five-number summary. arXiv Preprint 2020.

	15	 Shi J, Luo D, Weng H, et al. Optimally estimating the sample 
standard deviation from the five-number summary. Res Synth 
Methods 2020;11:641–54. 

	16	 Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for 
assessing risk of bias in randomised trials. BMJ 2019:l4898. 

	17	 McGuinness L-O, Higgins JPT. Risk-of-bias visualization (robvis): 
an R package and shiny web app for Visualizing risk-of-bias 
assessments. Res Synth Methods 2021;12:55–61. 

	18	 Nordic Cochrane Centre, the Cochrane Colloboration. Review 
Manager (RevMan) [computer program]. Copenhagen, 2014.

	19	 Thorlund K, Engstrøm J, Wetterslev J, et al. User manual for 
trial sequential analysis (TSA)2nd edn. Copenhagen, Denmark: 
Copenhagen Trial Unit, 2017: 1–119.

	20	 The Copenhagen Trial Unit, Centre for Clinical Intervention Research, 
The Capital Region, Copenhagen University Hospital. Trial sequential 
analysis (TSA) [Computer program]. Rigshospitalet, 2021.

	21	 Koster TM, Wetterslev J, Gluud C, et al. Apparently conclusive 
meta-analyses on interventions in critical care may be inconclusive-a 
meta-epidemiological study. J Clin Epidemiol 2019;114:1–10. 

	22	 Brok J, Thorlund K, Gluud C, et al. Trial sequential analysis reveals 
insufficient information size and potentially false positive results in 
many meta-analyses. J Clin Epidemiol 2008;61:763–9. 

	23	 Wetterslev J, Thorlund K, Brok J, et al. Trial sequential analysis may 
establish when firm evidence is reached in cumulative meta-analysis. 
J Clin Epidemiol 2008;61:64–75. 

	24	 Wetterslev J, Thorlund K, Brok J, et al. Estimating required 
information size by quantifying diversity in random-effects model 
meta-analyses. BMC Med Res Methodol 2009;9:86. 

	25	 Cai Y-L, Xiong X-Z, Lu J, et al. Percutaneous needle aspiration 
versus catheter drainage in the management of liver abscess: a 
systematic review and meta-analysis. HPB 2015;17:195–201. 

	26	 Schünemann H, Brożek J, Guyatt G, et al., eds. GRADE handbook 
for grading quality of evidence and strength of recommendations. 
The GRADE Working Group, 2013.

	27	 Bansal A, Bansal A, Bansal V, et al. Liver abscess: catheter drainage 
V/S needle aspiration. Int Surg J 2015;2:20. 

	28	 Ahmed M, Alam J, Hussain S, et al. Prospective randomized 
comparative study of percutaneous catheter drainage and 
percutaneous needle aspiration in the treatment of liver abscess. 
ANZ J Surg 2021;91:E86–90. 

	29	 Gupta SS, Singh O, Sabharwal G, et al. Catheter drainage versus 
needle aspiration in management of large (>10 cm diameter) amoebic 
liver abscesses. ANZ J Surg 2011;81:547–51. 

	30	 Kulhari M, Mandia R. Prospective randomized comparative study of 
pigtail catheter drainage versus percutaneous needle aspiration in 
treatment of liver abscess. ANZ J Surg 2019;89:E81–6. 

	31	 Singh O, Gupta S, Moses S, et al. Comparative study of catheter 
drainage and needle aspiration in management of large liver 
abscesses. Indian J Gastroenterol 2009;28:88–92. 

	32	 Singh P, Tapasvi C, Kaur R, et al. Prospective randomized 
comparison of ultrasound-guided percutaneous needle aspiration 
with percutaneous catheter drainage of liver abscesses. J Med Sci 
2019;39:67. 

	33	 Singh S, Chaudhary P, Saxena N, et al. Treatment of liver abscess: 
prospective randomized comparison of catheter drainage and needle 
aspiration. Ann Gastroenterol 2013;26:332–9.

	34	 Surya M, Bhoil R, Sharma YP. Study of ultrasound-guided needle 
aspiration and catheter drainage in the management of liver 
abscesses. J Ultrasound 2020;23:553–62. 

	35	 Al-Sayaghi KM, Alhujaily M, Zaky MK, et al. Percutaneous needle 
aspiration versus catheter drainage in the management of liver 
abscess: an updated systematic review and meta-analysis. ANZ J 
Surg 2023;93:840–50. 

	36	 Mahmoud A, Abuelazm M, Ahmed AAS, et al. Percutaneous 
catheter drainage versus needle aspiration for liver abscess 
management: an updated systematic review, meta-analysis, and 
meta-regression of randomized controlled trials. Ann Transl Med 
2023;11:190. 

	37	 Lee CH, Jo HG, Cho EY, et al. Maximal diameter of liver abscess 
independently predicts prolonged hospitalization and poor prognosis 
in patients with pyogenic liver abscess. BMC Infect Dis 2021;21:171. 

	38	 Liu C-H, Gervais DA, Hahn PF, et al. Percutaneous hepatic abscess 
drainage: do multiple abscesses or multiloculated abscesses 
preclude drainage or affect outcome J Vasc Interv Radiol 
2009;20:1059–65. 

	39	 Yadav T, Patel RK, Bansal A, et al. Caudate lobe amebic abscesses: 
percutaneous image-guided aspiration or drainage. Abdom Radiol 
2022;47:1157–66. 

	40	 González-Alcaide G, Peris J, Ramos JM. Areas of research 
and clinical approaches to the study of liver abscess. World J 
Gastroenterol 2017;23:357–65. 

http://dx.doi.org/10.1002/jrsm.1429
http://dx.doi.org/10.1002/jrsm.1429
http://dx.doi.org/10.1136/bmj.l4898
http://dx.doi.org/10.1002/jrsm.1411
http://dx.doi.org/10.1016/j.jclinepi.2019.05.011
http://dx.doi.org/10.1016/j.jclinepi.2007.10.007
http://dx.doi.org/10.1016/j.jclinepi.2007.03.013
http://dx.doi.org/10.1186/1471-2288-9-86
http://dx.doi.org/10.1111/hpb.12332
http://dx.doi.org/10.5455/2349-2902.isj20150204
http://dx.doi.org/10.1111/ans.16461
http://dx.doi.org/10.1111/j.1445-2197.2010.05494.x
http://dx.doi.org/10.1111/ans.14917
http://dx.doi.org/10.1007/s12664-009-0032-1
http://dx.doi.org/10.4103/jmedsci.jmedsci_74_18
http://dx.doi.org/24714320
http://dx.doi.org/10.1007/s40477-020-00440-3
http://dx.doi.org/10.1111/ans.18129
http://dx.doi.org/10.1111/ans.18129
http://dx.doi.org/10.21037/atm-22-4663
http://dx.doi.org/10.1186/s12879-021-05873-7
http://dx.doi.org/10.1016/j.jvir.2009.04.062
http://dx.doi.org/10.1007/s00261-021-03395-z
http://dx.doi.org/10.3748/wjg.v23.i2.357
http://dx.doi.org/10.3748/wjg.v23.i2.357

	Percutaneous catheter drainage versus percutaneous needle aspiration for liver abscess: a systematic review, meta-­analysis and trial sequential analysis
	Abstract
	Introduction﻿﻿
	Methods
	Search strategy
	Eligibility criteria
	Study selection
	Outcomes
	Data extraction
	Risk of bias assessment
	Statistical analysis
	Patient and public involvement

	Results
	Study selection
	Study characteristics
	Risk of bias assessment
	Primary outcome
	Treatment success rate
	Subgroup analysis
	Sensitivity analysis
	Trial sequential analysis
	Publication bias
	Certainty of evidence

	Secondary outcomes
	In-hospital mortality rate
	Clinical improvement
	Duration of therapy
	Recurrence
	Complications


	Discussion
	Conclusion
	References


