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Abstract: Background: The efficacy of endoscopic ultrasound-guided liver biopsy (EUS-LB) compared
to percutaneous liver biopsy (PC-LB) remains uncertain. Methods: Our data consist of random-
ized controlled trials (RCTs) comparing EUS-LB to PC-LB, found through a literature search via
PubMed/Medline and Embase. The primary outcome was sample adequacy, whereas secondary
outcomes were longest and total lengths of tissue specimens, diagnostic accuracy, and number of
complete portal tracts (CPTs). Results: Sample adequacy did not significantly differ between EUS-LB
and PC-LB (risk ratio [RR] 1.18; 95% confidence interval [CI] 0.58-2.38; p = 0.65), with very low evi-
dence quality and inadequate sample size as per trial sequential analysis (TSA). The two techniques
were equivalent with respect to diagnostic accuracy (RR: 1; CI: 0.95-1.05; p = 0.88), mean number of
complete portal tracts (mean difference: 2.29, —4.08 to 8.66; p = 0.48), and total specimen length (mean
difference: —0.51, —20.92 to 19.9; p = 0.96). The mean maximum specimen length was significantly
longer in the PC-LB group (mean difference: —3.11, —5.51 to —0.71; p = 0.01), and TSA showed that
the required information size was reached. Conclusion: EUS-LB and PC-LB are comparable in terms
of diagnostic performance although PC-LB provides longer non-fragmented specimens.

Keywords: EUS; FNB; FNA; adequacy; tissue; cirrhosis

1. Introduction

Although non-invasive liver stiffness measurement has gained increasing importance
in the diagnostic algorithms of several hepatic parenchymal disorders, procurement of
tissue samples through liver biopsy (LB) still plays a pivotal role, particularly in the case
of focal lesions. Moreover, specific liver disorders such as autoimmune hepatitis or cases
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with increased liver enzymes of unclear etiology require histology for a definitive diag-
nosis [1,2]. Historically, the typical approach for LB was represented by the percutaneous
route (PC-LB), under computed tomography (CT) scan or ultrasonographic (US) guidance,
with the transjugular (TJ-LB) approach representing an alternative in the presence of a
contraindication to PC-LB or for difficult locations [3,4].

Endoscopic ultrasound-guided (EUS) tissue acquisition through fine-needle aspiration
(FNA) or fine-needle biopsy (FNB) plays a pivotal in the diagnostic algorithms of pancreatic
and abdominal solid lesions [5-8]. In recent years, an interest was raised towards EUS-
guided liver biopsy either for focal lesions or for parenchymal disease, as shown in a recent
meta-analysis finding a histologic diagnostic rate of 93.9% and low complication rate of
2.3% [9]. These interesting data were further improved with end-cutting FNB needles,
such as the Franseen needle (Acquire® [Boston Scientific, Marlborough, MA, USA]) and
the fork-tip needle (SharkCore® [Medtronic, Dublin, Ireland]), as reported in a recent
series [10].

However, previous reports showed conflicting data on the comparison between EUS-
LB and PC-LB in patients with parenchymal liver disease. Indeed, while a preliminary small
randomized controlled trial (RCT) and another multicenter retrospective series suggested a
higher quality for the samples with PC-LB [11,12], more recent RCTs showed spectacular
results completely in favor of EUS-LB, both in terms of procurement of optimal biopsy
cores and of specimen length [13,14]. Although two previous meta-analyses concluded the
non-superiority of one technique over the other [15,16], these findings should be interpreted
with caution based on the pooled analysis of both RCTs and retrospective studies and a
limited number of included patients. According to the GRADE methodology, only a meta-
analysis of RCTs can provide high-quality evidence supporting the comparison between
two interventions; hence, given the recent publication of several RCTs in this field [13,14,17],
we decided to perform a meta-analysis of only RCTs to better inform forthcoming clinical
guidelines. Furthermore, given the low number of RCTs comparing the two techniques,
a trial sequential analysis (TSA) was performed to assess the credibility of our findings.
Exactly like the calculation of the sample size in individual RCTs, a TSA derives a power
calculation for a meta-analysis. In TSA, studies, rather than patients, are included in
chronologic order and managed as subsequent interim analyses relative to the required
number of participants. This methodology allows the application of monitoring (benefit,
harm, and futility) and conventional boundaries, and finally, allows the calculation of the
required number of participants based on the predefined intervention effect, adjusting it
for the heterogeneity observed in the included studies [18].

2. Materials and Methods
2.1. Selection Criteria

The studies included in this meta-analysis were randomized controlled trials (RCTs)
meeting the following inclusion criteria: (a) patients: adult patients with liver parenchymal
disorders; (b) intervention: EUS-guided liver biopsy; (c) comparator: US- or CT-guided
percutaneous liver biopsy; and (d) outcomes: primary outcome was sample adequacy,
whereas secondary outcomes were longest and total lengths of tissue specimens, diagnostic
accuracy, and number of complete portal tracts (CPTs). We excluded (a) retrospective
comparative studies, (b) single-arm studies, (c) case series, and (d) studies not reporting
any of the above reported outcomes.

2.2. Search Strategy

The main databases such as PubMed /Medline and Embase were searched with no
language restriction through December 2023, independently by two authors (AF, MB)
using the following key words: (((endoscopic ultrasound [MeSH Terms]) OR (EUS [MeSH
Terms])) AND (liver biopsy [MeSH Terms])). A further search was completed on additional
databases (Google Scholar, Cochrane library) and browsing the references of all the review
articles in the field to identify eventual further papers. When overlapping series were
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identified from the same study group, only the most recent and largest papers were
included. The corresponding authors of the studies were reached out to to obtain missing
information. The quality of the included studies was assessed by two authors independently
(AF, MB) according to the Cochrane collaboration risk of bias 2 tool [19]. Any disagreements
were addressed by re-evaluation and following a third opinion (CH).

2.3. Outcomes

The primary outcome was sample adequacy, defined according to the AASLD and
British guidelines as specimen length > 20 mm and number of CPTs > 11 [1,20]. Diagnostic
accuracy was defined as the proportion of patients correctly diagnosed using LB, hence
as true positive + true negative/total number of patients. Total and maximum/longest
specimen length were measured in mm and compared between EUS-LB and PC-LB along
with the number of CPTs, where a CPT was defined as the presence of all 3 portal structures
(portal vein, hepatic artery, and bile duct) in the sample. Safety data were analyzed only
descriptively and adverse events (AEs) were graded according to the ASGE lexicon [21].

2.4. Statistical Analysis

Study outcomes were pooled and compared between the two groups through a ran-
dom effects model based on the DerSimonian and Laird test [22], and the results were
expressed in terms of risk ratio (RR) or mean difference and 95% confidence interval (CI),
when appropriate. The presence of heterogeneity was calculated through I? tests with
I2 < 30% interpreted as low-level heterogeneity and I? between 30% and 60% as moderate
heterogeneity [23]. Any potential publication bias was verified through visual assessment
of funnel plots. Similar to RCTs, the TSA of the meta-analyses is based on an anticipated
a priori intervention effect, on the basis of which the sample size is estimated to be sub-
sequently detected with adequate power. This sample size in the TSA is the required
information size (RIS), which is the number of events (or patients) from the included
studies necessary to accept or reject the a priori statistical hypothesis, adjusted for the
heterogeneity among the included RCTs [18,24]. The heterogeneity-adjustment factor is
calculated as the total variance in a random effects model divided by the total variance in a
fixed effects model. Finally, the RIS adjusted for heterogeneity between trials (random) is
calculated by multiplying the non-adjusted RIS (fixed) for the heterogeneity-adjustment
factor [18]. When calculating the RIS, the type I error was set at 5% and the power at
80% whereas the anticipated incidence rates were based on the cumulative meta-analysis
of RCTs. In TSA, the Z-value is updated with each additional published study added
to the meta-analysis, providing the cumulative Z-curve. This Z-curve is then checked
for crossover in 3 boundaries: the naive (horizontal) boundaries, which correspond to a
nominal p = 0.05 (1 Z1 1.96); the monitoring boundaries, which are sequential monitoring
boundaries calculated on the a priori intervention effect and are distinguished in bene-
fit/harm boundaries; and the futility boundaries, which are the adjusted threshold for
non-superiority and non-inferiority tests obtained by applying the x-spending function
based on the O’'Brien-Fleming method [18,24]. When the Z-curve crosses the naive bound-
aries but does not cross the monitoring boundaries, there is a statistical difference in the
conventional meta-analysis but not in the TSA, thus not avoiding the risk of a false positive
result. If the Z-curve lies within futility boundaries and the appropriate RIS is reached, it
can be easily concluded that the intervention does not have an effect. When the result of the
meta-analysis is negative and the appropriate RIS is not reached, then there is lack of power.
If the Z-curve crosses monitoring boundaries, it means that the treatment has evident
benefit (or harm) in respect to the control group. All statistical analyses were conducted
using RevMan version 5 from the Cochrane collaboration; the TSA was conducted with the
Trial Sequential Analysis 0.9.5.10 software provided by the Copenhagen Trial Unit. For all
calculations, a two-tailed p value of less than 0.05 was considered statistically significant.
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2.5. Quality of Evidence Assessment

The quality of evidence was assessed through the GRADE criteria [25]. Briefly, evi-
dence from RCTs started at high quality, and was rated down for presence of any of the
following factors: risk of bias in the literature, inconsistency, indirectness, imprecision, and
publication bias. For imprecision, evidence was rated down even if the 95% CI crossed
unity or if the optimal information size (measure of fragility) was not reached [25].

3. Results
3.1. Included Studies

From 356 unique studies identified using the search strategy, we included four
RCTs [11,13,14,17] (Figure 1) recruiting 258 patients, of which 129 who underwent EUS-LB
and 129 PC-LB.

.§ Articles identified through Additional articles identified
database searching through other sources
!g (n=341) (n=15)
£
Excluded
(n=32)
. J - Non-comparative series
Remaining articles (after (17)
removing case reports, ——
non-endoscopic studies, - Studies comparing trans-
review articles, and jugular vs percutaneous or
animal models (n=36) EUS-guided approach (7)

- Retrospective studies (8)

Studies included in
quantitative synthesis
(meta-analysis)

(n =4)

Figure 1. Study selection flowchart.

The main baseline characteristics of the included studies are summarized in Table 1.
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Table 1. Baseline characteristics of included randomized controlled trials.

. . Indication (Abnormal Number of Definition of Adequate
Study Country Study Period Sample Size Age Gender Male Liver Function Tests) Needle Passes Needle Used Samples
. EUS-LB: 21 55+ 15.9 8 (38.1%) 2 19 G Acquire® Specimen length > 25 mm and
Bang 2021 [11] UsA 2019-2020 PC-LB:19 537 4146 6 (31.6%) NR 1 16 G Biopince® number of CPTs > 11
19 G Acquire® or
) g EUS-LB:40  52.5(19-76) 13 (32.5%) 25 (62.5%) 2 (1-3)
Ali 2023 [17] USA 2020-2021 PC-LB: 40 53 (25-75) 13 (32.5%) 27 (67.5%) 3(1-7) 12}81-(501-3? Number of CPTs > 11
needle
RN . EUS-LB: 44 60.8 + 8 22 (50%) 1(1-2) 19 G Acquire® Specimen length > 20 mm and
Larino-Noia 2023 [13]  Spain 2022 PC-LB:46 588+ 112 21 (45.7%) NR 1(1-2) 16 G Biopince® number of CPTs > 11
: . EUS-LB: 24 37.04 £ 11.6 18 (75%) 9 (37.5%) 19 G FNA Specimen length > 20 mm and
Samanta 2023 [14] * India 2020-2021 PC-LB:24  37.46 +13.9 12 (50%) 6 (25%) NR 18 G needle number of CPTs > 11

Data are reported as absolute numbers (percentages) or mean (+standard deviation or with interquartile range). # Study published as conference abstract. Abbreviations: CPTs, complete
portal tracts; EUS-LB, endoscopic ultrasound liver biopsy; FNA, fine-needle aspiration; NR, not reported; PC-LB, percutaneous liver biopsy.
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Two RCTs were conducted in the USA [11,17], one in Spain [13], and one in India [14].
The recruitment period ranged from 2019 to 2022. All studies were published as full text
papers except the study by Samanta et al. that was published as a conference abstract [14];
however, the authors of the current meta-analysis had full access to the dataset of this
study. Baseline patient- and lesion-related characteristics were well balanced between the
two study groups, with females representing the majority of participants in the included
studies, while mean age ranged from 37.04 to 60.8 years. Parenchymal liver disease,
including abnormal liver function tests, represented the indication to liver biopsy in all
the included studies. Number of EUS needle passes ranged from 1 to 3 and the needle
used was a 19 G end-cutting FNB (Acquire®, Boston Scientific, Marlborough, MA, USA; or
SharkCore®, Medtronic, Minneapolis, MS, USA) in three studies [11,13,17], whereas the
study by Samanta et al. used 19 G FNA needles [14]. On the other hand, one or two passes
with 16 G or 18 G needles were performed for PC-LB, which was mainly US-guided. The
definition of sample adequacy was specimen length > 25 mm and number of CPTs > 11 in
the RCT by Bang et al. [11], specimen length > 20 mm and number of CPTs > 11 in two
RCTs [13,14], and just number of CPTs > 11 in the RCT by Ali et al. [17]. Quality assessment
of the included articles is reported in Supplementary Table S1. Overall, the studies were
deemed at low risk of bias.

3.2. Sample Adequacy

Based on four RCTs [11,13,14,17], the pooled adequacy rate was 60% (35-86%) in the
EUS-LB group and 51% (31-71%) in the PC-LB group, with no difference between the two
approaches (RR: 1.18, CI: 0.58-2.38, p = 0.65; Figure 2). High heterogeneity was observed in
this analysis (1% = 88%).

EUS-LB PC-LB Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ali 2023 24 40 30 40 28.0% 0.80[0.59, 1.09] -
Bang 2021 5 21 11 19 20.6% 0.41[0.17,0.97] —
Larino-Noia 2023 30 44 15 46 26.2% 2.09[1.32,3.32] —
Samanta 2023 21 24 9 24 25.2% 2.33[1.36, 4.00] —
Total (95% CI) 129 129 100.0% 1.18 [0.58, 2.38] <
Total events 80 65
Heterogeneity: Tau® = 0.44; Chi® = 24.23, df = 3 (P < 0.0001); I* = 88% {0 o 051 150 1001

Test for overall effect: Z = 0.45 (P = 0.65) Favours PC-LB Favours EUS-LB

Figure 2. Forest plot comparing EUS-guided versus percutaneous liver biopsy in terms of sample
adequacy [11,13,14,17].

A sensitivity analysis is reported in Supplementary Table S2. The source of heterogeneity
was identified in the uneven definition of sample adequacy across the included studies. Of
note, EUS-LB resulted as significantly superior when the definition as per current guidelines
was used, although this finding should be interpreted with caution due to the very limited
number of studies in this subgroup. No difference between EUS-LB with end-cutting needles
and PC-LB was observed (RR: 0.93, CI: 0.41-2.11). No evidence of publication bias was
observed through visual inspection of the funnel plot (Supplementary Figure Sla).

As reported in Supplementary Table S3, quality of evidence was rated as very low
due to inconsistency (high heterogeneity), indirectness (heterogeneous definition of the
outcome), and imprecision (wide confidence intervals crossing unity and failure to reach
the optimal information size).

3.3. Other Outcomes

Table 2 reports the results of the meta-analysis of the other outcomes.
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Table 2. Meta-analysis of study outcomes.

Within-Group

Outcome Interventions No. of Studies  No. of Patients Risk Ratio (95% CI) . 2
Heterogeneity (I°)
Optimal core EUS-LB 4 129 1.18 (0.58-2.38) 88%
procurement rate PC-LB 129 p =0.65 ’
Diagnostic EUS-LB 4 129 1.0 (0.95-1.05) 0%
accuracy PC-LB 129 p=0.88 ?
Outcome Interventions No. of Studies  No. of Patients = Mean Difference (95% CI) W1th1n-g1:0up2
heterogeneity (I°)
EUS-LB 108 2.29 (—4.08 to 8.66) o
Number of CPTs PC-LB 3 110 p =048 90%
Max specimen EUS-LB 4 129 —3.11 (—5.51 to —0.71) 759
length PC-LB 129 p=0.01 ’
Total specimen EUS-LB 3 108 —0.51 (—20.92 to 19.90) 959
length PC-LB 110 p=0.96 ’
Abbreviations: CI, confidence interval; EUS-LB, endoscopic ultrasound liver biopsy; PC-LB, percutaneous
liver biopsy.

Study or Subgroup

Based on four studies [11,13,14,17], no difference in terms of diagnostic accuracy was
observed (RR: 1, CI: 0.95-1.05; p = 0.88) with no evidence of heterogeneity (I? = 0%; Figure 3).
As reported in Supplementary Table S3, moderate quality of evidence supported this analy-
sis because of high imprecision in the estimates (wide confidence intervals crossing unity).

Risk Ratio
M-H, Random, 95% CI

EUS-LB PC-LB Risk Ratio
Events Total Events Total Weight M-H, Random, 95% ClI

Ali 2023 37 40 38 40 17.8% 0.97 [0.87, 1.09]
Bang 2021 21 21 19 19 25.4% 1.00 [0.91, 1.10]
Larino-Noia 2023 43 44 44 46  39.2% 1.02 [0.95, 1.10]
Samanta 2023 23 24 24 24 17.6% 0.96 [0.86, 1.07]
Total (95% CI) 129 129 100.0% 1.00 [0.95, 1.05]
Total events 124 125
ity 2 _ . Fr 2 - _ 12 } I I 1
Heterogeneity: Tau® = 0.00; Chi* = 1.05, df = 3 (P = 0.79); I = 0% o1 o1 T T 100

Test for overall effect: Z = 0.15 (P = 0.88)

Favours PC-LB Favours EUS-LB

Figure 3. Forest plot comparing EUS-guided versus percutaneous liver biopsy in terms of diagnostic
accuracy [11,13,14,17].

No difference concerning the comparison of the mean number of CPTs was registered
(mean difference: 2.29, —4.08 to 8.66; p = 0.48), with evidence of high heterogeneity (I = 90%;
Supplementary Figure S2).

Based on four studies [11,13,14,17], the mean maximum specimen length was sig-
nificantly longer in the PC-LB group (mean difference —3.11, —5.51 to —0.71; p = 0.01),
with evidence of high heterogeneity (12 = 75%; Supplementary Figure 53). As reported in
Supplementary Table S3, a moderate quality of evidence supported this analysis because of
high inconsistency in the estimates (high heterogeneity).

No difference in terms of total specimen length were observed (mean difference: —0.51,
—20.92 to 19.9; p = 0.96), with evidence of high heterogeneity (I> = 95%; Supplementary Figure S4).

No evidence of publication bias was observed in any of the aforementioned analyses
(Supplementary Figure S1b—e).

No major adverse events were observed in the included studies. The RCT by Larino-
Noia et al. [13] reported 4 mild AEs in the EUS-LB group and 2 mild events in the PC-LB;
the RCT by Samanta et al. [14] reported 5 mild events after EUS-LB and 21 mild events
after PC-LB. AEs were mainly cases of abdominal pain not requiring hospitalization or
specific interventions.
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3.4. Trial Sequential Analysis

As depicted in Figure 4a, the required information size (RIS) calculated by TSA for
sample adequacy was 1064 participants; thus, far above the accrued information size of
258 patients enrolled in the included RCTs. The Z-curve did not cross the conventional
test boundary, remaining below the benefit monitoring boundary, and did not cross the
futility boundary. Therefore, there was not a statistical difference in both conventional
meta-analysis and TSA, but further information is required because a type II error (false
negative) cannot be excluded.

OB is a Two-sided graph

Cumulative
Z-Score

8] OBS =216
74
6
5-]

£m ~
B 4] T~
-4+ T~

34

\7_“ﬁ—‘,‘7‘7 / Z-curve
2 ———
N i
T
210 Number of
-1 \""1—7‘,\ patients
— (Linear scaled)

-4

-5
6]
-7
-

Favours
EUS-LB

(@)

OBS is a Two-sided graph

OBS =216
.

Favours
PC-LB
IS
1

/

=14 : patients
- (Lincar scalod)
-2 ——————
N -3 - P
g3 _—
2w -4 _—
<8 _—
_5+ -~
54
74
-8/ .

(b)

Figure 4. (a) Trial sequential analysis concerning sample adequacy. The required information size
(RIS) calculated by trial sequential analysis was 1064 participants, whereas only 258 patients were
actually enrolled in the included trials. The Z-curve did not cross the conventional test boundary
nor the benefit monitoring boundary and remained far from the futility boundary. Therefore, there
was not a statistical difference but further information is required because a false negative cannot
be excluded. (b) Trial sequential analysis concerning max specimen length. The RIS (216 patients)
was reached. The cumulative Z-curve was beyond the futility boundaries and crossed both the
conventional test and the benefit monitoring boundaries, thus supporting the superiority of PC-LB
over EUS-LB for this specific outcome.
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The TSA reported in Figure 4b shows that the RIS (216 patients) was reached in the
analysis of maximum specimen length. The cumulative Z-curve was beyond the futility
boundaries did crossed both the conventional test and the benefit monitoring boundaries,
thus supporting the superiority of PC-LB over EUS-LB for this specific outcome.

As reported in Supplementary Figure S5, the TSA concerning the number of CPTs
showed that the RIS (2640 participants) was not reached and the cumulative Z-curve
remained within conventional boundaries (p > 0.05) and far from both the futility and
monitoring boundaries. Thus, the result from the conventional meta-analysis means that
there is no effect or a lack of power.

4. Discussion

Although non-invasive methods showed interesting results for diagnosis and moni-
toring of fibrosis in chronic liver disease [2], liver biopsy is still of paramount importance
in several conditions when proper histology and immunohistochemistry are required.
However, traditional PC-LB techniques are limited by the risk of potentially serious com-
plications, inter-observer variations, and sampling errors leading to false negative diagno-
sis [26,27]. T]-LB might have a role in high-risk patients, such as those with coagulopathy, in
antithrombotic therapy, or high-volume ascites; however, the complexity of the procedure
and the potential risks for complications limit its applicability. The EUS-LB technique
allows for obtaining samples from both hepatic lobes, thus improving the ability to access
focal liver lesions, and EUS guidance can confirm the presence or absence of bowel, blood
vessels, and biliary structures along the needle track in real time, for both lobes, greatly
enhancing its safety profile. EUS-LB also minimizes the impact of ascites and body habitus
on the ability to visualize and obtain liver tissue [28]. Although preliminary studies and
previous meta-analyses have not shown any significant difference between EUS-LB and
PC-LB, two recent RCTs [13,14] found a clear superiority of EUS-LB over PC-LB in terms
of sample adequacy, in discordance with a preliminary American trial [11]. According to
the GRADE methodology, only a meta-analysis of RCTs can provide high certainty in the
estimates [25]. Previous systematic reviews included predominantly retrospective studies;
hence, we decided to perform a meta-analysis of RCTs to try to draw definitive assumptions
concerning the comparison between EUS-LB and PC-LB.

Therefore, through a meta-analysis of four RCTs, we made several key observations.
First, there was no difference between the two techniques in terms of sample adequacy.
Of note, the definition of sample adequacy was slightly heterogeneous across the RCTs
and very restrictive, including only high-quality samples (at least 20 mm of length and
11 CPTs), hence the relatively low pooled adequacy rate (60% with EUS-LB and 51% with
PC-LB). As a consequence of the different definition used in the RCTs, high heterogeneity
was observed in this analysis (I? = 88%); this heterogeneity consistently dropped down in
the sensitivity analysis performed based on the definition of the outcome. Interestingly,
the two most recent RCTs [13,14] that used the most restrictive definition as per current
guidelines [1] showed a clear superiority of EUS-LB over PC-LB, although this finding
should be interpreted with caution due to the very limited number of studies. The TSA
confirmed the limited evidence supporting the comparison between the two techniques for
this outcome, as only around 25% of the RIS was actually accrued in the RCTs conducted
so far; therefore, we cannot draw definitive conclusions on the superiority of one technique
over the other as further RCTs are still needed and the current finding of equal effectiveness
of EUS-LB and PC-LB could be due to a type II error (false negative) because of the lack of
power in the meta-analysis. As a consequence, only a conditional recommendation based
on very low-quality evidence can be currently provided.

All the studies used the same needle size (19 G), which was found to outperform
other sizes when performing EUS-LB in a recent RCT [29]; on the other hand, results
of the subgroup analysis based on needle design (FNA vs. FNB) should be interpreted
with caution as only one RCT [14] used FNA, whereas the other studies used the newer
end-cutting FNB needles. Although a recent RCT found 19-G FNB to be superior to 19-G
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FNA [10], the RCT by Samanta et al. [14] showed very favorable results with the FNA
needle, clearly superior to PC-LB; further head-to-head trials comparing different needle
designs are needed in this field. Likewise, the limited number of RCTs did not enable
us to perform further sensitivity analyses based on specific technical strategy for tissue
sampling, such as number of actuations during needle passes or use of wet-suction biopsy.
Preliminary studies [30,31] gave some indications in this regard but evidence is still too
scarce to reach an agreement on the best tissue sampling technique for EUS-LB, as we have
for pancreatic masses [7]. On the other hand, no different results were observed based on
the different needle size used during PC-LB, whether 16 G or 18 G.

As observed in previous meta-analyses [15,16], no difference in terms of diagnostic
accuracy or total specimen length was observed. Diagnostic accuracy is high with both
techniques, thus confirming the high effectiveness of liver biopsy. The total specimen
length and number of CPTs were also similar between EUS-LB and PC-LB. Furthermore,
in the analysis of the number of CPTs, the TSA showed that the RIS was not reached and
the cumulative Z-curve remained within conventional boundaries, thus meaning that the
meta-analysis might still lack power. As observed in a previous meta-analysis [16], the
mean maximum specimen length was significantly longer in the PC-LB group (p = 0.01),
although with evidence of high heterogeneity. The TSA showed that the RIS was reached in
this analysis and the cumulative Z-curve crossed both the conventional test and the benefit
monitoring boundaries, thus supporting the superiority of PC-LB over EUS-LB in terms of
maximum specimen length. Moderate quality of evidence informed this analysis due to the
high heterogeneity; of note, high heterogeneity frequently characterizes the meta-analysis
of continuous variables and in this case was not due to a different direction of the results
of the RCTs. Therefore, we can give a definitive conclusion on the superiority of PC-LB
over EUS-LB in providing longer non-fragmented specimens, although this does not lead
to a superior diagnostic accuracy, as previously mentioned. Finally, no major AEs were
observed in the included studies and only mild cases of abdominal pain were registered in
a small group of patients after both procedures.

There are certain limitations to our study which merit further discussion. First, the
number of included studies and recruited patients was low and, as aforementioned, the RIS
was not reached in the primary outcome. Second, the included RCTs were unblinded, hence
prone to performance bias. However, it should be noted that this bias is not avoidable in
endoscopy studies as the operator cannot be blinded to the device used. Moreover, no
deviations from the intended protocol were observed, hence the RCTs were considered to
be at low risk of bias. Third, as already commented, some technical features such as needle
design or sampling techniques could not be compared due to the lack of data. Finally, our
results should be considered applicable only to parenchymal liver disease, as data on focal
lesions are lacking. The preliminary results from an Italian multicenter study [12] seem to
confirm the aforementioned findings even in this setting, but RCTs are needed in this field.
Specific sub-analyses based on the location of tissue sampling with both methods were
not feasible due to the lack of data; therefore, further studies aiming to define the safety of
these techniques based on the location of sampling are needed.

5. Conclusions

In conclusion, EUS-LB and PC-LB appear comparable in terms of the diagnostic
performance and quality of tissue, although longer non-fragmented specimens seem to
be achieved more frequently with PC-LB. Further multicenter RCTs, with larger sample
sizes, are warranted in order to inform the comparison between these two approaches,
specifically in light of newer end-cutting EUS-FNB needles.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/diagnostics14121238/s1, Table S1. Risk of bias assessment and
quality of included studies; Table S2. Sensitivity analysis concerning the primary outcome (sample
adequacy); Table S3. Certainty assessment; Figure S1. Funnel plots for assessing the risk of publication
bias concerning (a) sample adequacy; (b) diagnostic accuracy; (c) number of complete portal tracts;
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(d) max specimen length; (e) total specimen length; Figure S2. Forest plot comparing number of
complete portal tracts between the two techniques; Figure S3. Forest plot comparing max specimen
length between the two techniques; Figure S4. Forest plot comparing total specimen length between
the two techniques; Figure S5. Trial sequential analysis concerning the mean number of complete
portal tracts.

Author Contributions: Conceptualization, A.F. (Antonio Facciorusso); methodology, A.F. (Antonio
Facciorusso); software, M.B.; validation, J.D., J.S. and P.G.; formal analysis, A.F. (Antonio Facciorusso);
investigation, M.B.; resources, C.H.; data curation, N.P,; writing—original draft preparation, A.F.
(Antonio Facciorusso) and M.B.; writing—review and editing, S.F.C., M.S., A.F. (Alessandro Fugazza),
AR, GS., KT and M.M,; visualization, A.R.; supervision, A.A.; project administration, A.F. (Antonio
Facciorusso); funding acquisition, A.F. (Antonio Facciorusso). All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Patient consent was waived because this was a review of the exist-
ing literature.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available because no new data were created or
analyzed in this study.

Conflicts of Interest: Alessandro Fugazza: Consultant for Boston Scientific; Marco Spadaccini:
consultant for Boston Scientific; Cesare Hassan: Consultant for Fujifilm and Medtronic; Alessandro
Repici: Consultant for Boston Scientific, ERBE, Fujifilm; the rest of the authors have no relevant
financial disclosures.

References

1.

10.

11.

Neuberger, |.; Patel, J.; Caldwell, H.; Davies, S.; Hebditch, V.; Hollywood, C.; Hubscher, S.; Karkhanis, S.; Lester, W.; Roslund, N.;
et al. Guidelines on the use of liver biopsy in clinical practice from the British Society of Gastroenterology, the Royal College of
Radiologists and the Royal College of Pathology. Gut 2020, 69, 1382-1403. [CrossRef] [PubMed]

Facciorusso, A.; Garcia Perdomo, H.A.; Muscatiello, N.; Buccino, R.V.; Wong, V.W.; Singh, S. Systematic review with meta-analysis:
Change in liver stiffness during anti-viral therapy in patients with hepatitis B. Dig. Liver Dis. 2018, 50, 787-794. [CrossRef]
[PubMed]

Thomaides-Brears, H.B.; Alkhouri, N.; Allende, D.; Harisinghani, M.; Noureddin, M.; Reau, N.S.; French, M.; Pantoja, C.; Mouchti,
S.; Cryer, D.R. Incidence of Complications from Percutaneous Biopsy in Chronic Liver Disease: A Systematic Review and
Meta-Analysis. Dig. Dis. Sci. 2022, 67, 3366-3394. [CrossRef]

Lavian, J.D.; Thornton, L.M.; Zybulewski, A.; Kim, E.; Nowakowski, S.E.; Ranade, M.; Patel, R.S.; Lookstein, R.A.; Fischman,
A.; Bishay, V. Safety of percutaneous versus transjugular liver biopsy: A propensity score matched analysis. Eur. ]. Radiol. 2020,
133, 109399. [CrossRef] [PubMed]

Yao, D.W.; Qin, M.; Jiang, H.X.; Qin, S.Y. Comparison of EUS-FNA and EUS-FNB for diagnosis of solid pancreatic mass lesions: A
meta-analysis of prospective studies. Scand. ]. Gastroenterol. 2024, 20, 1-8. [CrossRef] [PubMed]

Facciorusso, A.; Mohan, B.P; Crino, S.F.; Ofosu, A.; Ramai, D.; Lisotti, A.; Chandan, S.; Fusaroli, P. Contrast-enhanced harmonic
endoscopic ultrasound-guided fine-needle aspiration versus standard fine-needle aspiration in pancreatic masses: A meta-analysis.
Expert. Rev. Gastroenterol. Hepatol. 2021, 15, 821-828. [CrossRef] [PubMed]

Facciorusso, A.; Crino, S.F; Ramai, D.; Madhu, D.; Fugazza, A.; Carrara, S.; Spadaccini, M.; Mangiavillano, B.; Gkolfakis, P;
Mohan, B.P; et al. Comparative diagnostic performance of different techniques for EUS-guided fine-needle biopsy sampling of
solid pancreatic masses: A network meta-analysis. Gastrointest. Endosc. 2023, 97, 839-848. [CrossRef] [PubMed]

Facciorusso, A.; Crino, S.F,; Fugazza, A.; Carrara, S.; Spadaccini, M.; Colombo, M.; Ramai, D.; Mangiavillano, B.; Chandan, S.;
Gkolfakis, P; et al. Comparative diagnostic yield of different endoscopic techniques for tissue sampling of upper gastrointestinal
subepithelial lesions: A network meta-analysis. Endoscopy 2024, 56, 31-40. [CrossRef] [PubMed]

Mohan, B.P,; Shakhatreh, M.; Garg, R.; Ponnada, S.; Adler, D.G. Efficacy and safety of EUS-guided liver biopsy: A systematic
review and meta-analysis. Gastrointest. Endosc. 2019, 89, 238-246. [CrossRef] [PubMed]

Ching-Companioni, R.A.; Diehl, D.L.; Johal, A.S.; Confer, B.D.; Khara, H.S. 19G aspiration needle versus 19G core biopsy needle
for endoscopic ultrasound-guided liver biopsy: A prospective randomized trial. Endoscopy 2019, 51, 1059-1065. [CrossRef]
[PubMed]

Bang, J.Y.; Ward, T.].; Guirguis, S.; Krall, K.; Contreras, F; Jhala, N.; Navaneethan, U.; Hawes, R.H.; Varadarajulu, S. Radiology-
guided percutaneous approach is superior to EUS for performing liver biopsies. Gut 2021, 70, 2224-2226. [CrossRef] [PubMed]


https://doi.org/10.1136/gutjnl-2020-321299
https://www.ncbi.nlm.nih.gov/pubmed/32467090
https://doi.org/10.1016/j.dld.2018.05.005
https://www.ncbi.nlm.nih.gov/pubmed/29807871
https://doi.org/10.1007/s10620-021-07089-w
https://doi.org/10.1016/j.ejrad.2020.109399
https://www.ncbi.nlm.nih.gov/pubmed/33202374
https://doi.org/10.1080/00365521.2024.2354908
https://www.ncbi.nlm.nih.gov/pubmed/38769625
https://doi.org/10.1080/17474124.2021.1880893
https://www.ncbi.nlm.nih.gov/pubmed/33481633
https://doi.org/10.1016/j.gie.2023.01.024
https://www.ncbi.nlm.nih.gov/pubmed/36657607
https://doi.org/10.1055/a-2156-0063
https://www.ncbi.nlm.nih.gov/pubmed/37591258
https://doi.org/10.1016/j.gie.2018.10.018
https://www.ncbi.nlm.nih.gov/pubmed/30389469
https://doi.org/10.1055/a-0956-6922
https://www.ncbi.nlm.nih.gov/pubmed/31342474
https://doi.org/10.1136/gutjnl-2021-324495
https://www.ncbi.nlm.nih.gov/pubmed/33766911

Diagnostics 2024, 14, 1238 12 of 12

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

Sundaram, S.; Shah, B.; Jagtap, N.; Angadi, S.; Jain, A.K.; Afzalpurkar, S.; Giri, S. Diagnostic efficacy of endoscopic ultrasound-
guided liver biopsy for diffuse liver diseases and its predictors—A multicentric retrospective analysis. Clin. Exp. Hepatol. 2023, 9,
243-250. [CrossRef] [PubMed]

Larifio-Noia, J.; Fernandez-Castroagudin, J.; de la Iglesia-Garcia, D.; Lazare, H.; Nieto, L.; Porto, S.; Vallejo-Senra, N.; Molina, E.;
San Bruno, A.; Martinez-Seara, X.; et al. Quality of Tissue Samples Obtained by Endoscopic Ultrasound-Guided Liver Biopsy: A
Randomized, Controlled Clinical Trial. Am. J. Gastroenterol. 2023, 118, 1821-1828. [CrossRef] [PubMed]

Samanta, J.; Chavan, R.; Gupta, P.; Chalamarla, L.K.; Dhar, J.; Choudhoury, A.; Panda, I.; Mitra, S.; Sekaran, A.; Das, A.; et al.
Eus-guided liver biopsy scores over radiology guided percutaneous liver biopsy: A multicenter randomised controlled trial.
Gastrointest. Endosc. 2022, 95, AB485-AB486. [CrossRef]

Facciorusso, A.; Crino, S.F.; Ramai, D.; Fabbri, C.; Mangiavillano, B.; Lisotti, A.; Muscatiello, N.; Cotsoglou, C.; Fusaroli, P.
Diagnostic yield of endoscopic ultrasound-guided liver biopsy in comparison to percutaneous liver biopsy: A systematic review
and meta-analysis. Expert. Rev. Gastroenterol. Hepatol. 2022, 16, 51-57. [CrossRef] [PubMed]

Chandan, S.; Deliwala, S.; Khan, S.R.; Mohan, B.P.; Dhindsa, B.S.; Bapaye, ].; Goyal, H.; Kassab, L.L.; Kamal, E; Sayles, H.R.; et al.
EUS-guided versus percutaneous liver biopsy: A comprehensive review and meta-analysis of outcomes. Endosc. Ultrasound. 2023,
12,171-180. [PubMed]

Ali, A.H,; Nallapeta, N.S.; Yousaf, M.N.; Petroski, G.F; Sharma, N.; Rao, D.S;; Yin, F; Davis, RM.; Bhat, A.; Swi, AL A,; et al.
EUS-guided versus percutaneous liver biopsy: A prospective randomized clinical trial. Endosc. Ultrasound. 2023, 12, 334-341.
[CrossRef] [PubMed]

Wetterslev, ].; Jakobsen, J.C.; Gluud, C. Trial Sequential Analysis in systematic reviews with meta-analysis. BMC Med. Res.
Methodol. 2017, 17, 39. [CrossRef] [PubMed]

Sterne, J.A.C.; Savovi¢, J.; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, 14898. [CrossRef] [PubMed]
Rockey, D.C.; Caldwell, S.H.; Goodman, Z.D.; Nelson, R.C.; Smith, A.D.; American Association for the Study of Liver Diseases.
Liver biopsy. Hepatology 2009, 49, 1017-1044. [CrossRef] [PubMed]

Cotton, P.B.; Eisen, G.M.; Aabakken, L.; Baron, T.H.; Hutter, M.M.; Jacobson, B.C.; Mergener, K.; Nemcek, A., Jr.; Petersen, B.T.;
Petrini, J.L.; et al. A lexicon for endoscopic adverse events: Report of an ASGE workshop. Gastrointest. Endosc. 2010, 71, 446-454.
[CrossRef] [PubMed]

DerSimonian, R.; Laird, N. Meta-analysis in clinical trials. Control. Clin. Trials. 1986, 7, 177-188. [CrossRef] [PubMed]

Guyatt, G.H.; Oxman, A.D.; Kunz, R.; Woodcock, J.; Brozek, J.; Helfand, M.; Alonso-Coello, P.; Glasziou, P.; Jaeschke, R.; AKkl,
E.A.; et al. GRADE guidelines: 7. Rating the quality of evidence—inconsistency. J. Clin. Epidemiol. 2011, 64, 1294-1302. [CrossRef]
[PubMed]

Claire, R.; Gluud, C.; Berlin, I.; Coleman, T.; Leonardi-Bee, J. Using trial sequential analysis for estimating the sample sizes of
further trials: Example using smoking cessation intervention. BMC Med. Res. Methodol. 2020, 20, 284. [CrossRef] [PubMed]
Puhan, M.A.; Schiinemann, H.].; Murad, M.H.; Li, T.; Bignardello-Petersen, R.; Singh, J.A.; Kessels, A.G.; Guyatt, G.H.; GRADE
Working Group. A GRADE Working Group approach for rating the quality of treatment effect estimates from network meta-
analysis. BM]J 2014, 349, g5630. [CrossRef] [PubMed]

Bedossa, P; Dargere, D.; Paradis, V. Sampling variability of liver fibrosis in chronic hepatitis C. Hepatology 2003, 38, 1449-1457.
[CrossRef] [PubMed]

Piccinino, F; Sagnelli, E.; Pasquale, G.; Giusti, G. Complications following percutaneous liver biopsy. A multicentre retrospective
study on 68,276 biopsies. J. Hepatol. 1986, 2, 165-173. [CrossRef] [PubMed]

Jenssen, C.; Hocke, M.; Fusaroli, P; Gilja, O.H.; Buscarini, E.; Havre, R.F; Ignee, A.; Saftoiu, A.; Vilmann, P.; Burmester, E.;
et al. EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part IV—EUS-guided interventions: General Aspects and
EUS-guided Sampling (Short Version). Ultraschall. Med. 2016, 37, 157-169. [CrossRef] [PubMed]

Diehl, D.L.; Sangwan, V.; Johal, A.S.; Khara, H.S.; Conver, B. A 19-gauge fine-needle biopsy needle compared with a 22-gauge
fine-needle biopsy needle for EUS-guided liver biopsy: A prospective randomized study. Gastrointest. Endosc. 2024, 99, 931-937.
[CrossRef] [PubMed]

Ching-Companioni, R.A.; Johal, A.S.; Confer, B.D.; Forster, E.; Khara, H.S.; Diehl, D.L. Single-pass 1-needle actuation versus
single-pass 3-needle actuation technique for EUS-guided liver biopsy sampling: A randomized prospective trial (with video).
Gastrointest. Endosc. 2021, 94, 551-558. [CrossRef] [PubMed]

Saraireh, H.; Abdelfattah, T.; Hassouneh, R.; Lippman, R.; Puri, P.; Mutha, P.; Singh, S.; Fuchs, M.; Shah, T. “Wet Heparin” and
“Wet Saline” EUS-Guided Liver Biopsy Techniques Both Provide High Rates of Specimen Adequacy for Benign Parenchymal
Liver Disease. Dig. Dis. Sci. 2022, 67, 5256-5261. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.5114/ceh.2023.130618
https://www.ncbi.nlm.nih.gov/pubmed/37790688
https://doi.org/10.14309/ajg.0000000000002375
https://www.ncbi.nlm.nih.gov/pubmed/37439519
https://doi.org/10.1016/j.gie.2022.04.1210
https://doi.org/10.1080/17474124.2022.2020645
https://www.ncbi.nlm.nih.gov/pubmed/34918578
https://www.ncbi.nlm.nih.gov/pubmed/36204798
https://doi.org/10.1097/eus.0000000000000010
https://www.ncbi.nlm.nih.gov/pubmed/37693114
https://doi.org/10.1186/s12874-017-0315-7
https://www.ncbi.nlm.nih.gov/pubmed/28264661
https://doi.org/10.1136/bmj.l4898
https://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1002/hep.22742
https://www.ncbi.nlm.nih.gov/pubmed/19243014
https://doi.org/10.1016/j.gie.2009.10.027
https://www.ncbi.nlm.nih.gov/pubmed/20189503
https://doi.org/10.1016/0197-2456(86)90046-2
https://www.ncbi.nlm.nih.gov/pubmed/3802833
https://doi.org/10.1016/j.jclinepi.2011.03.017
https://www.ncbi.nlm.nih.gov/pubmed/21803546
https://doi.org/10.1186/s12874-020-01169-7
https://www.ncbi.nlm.nih.gov/pubmed/33256626
https://doi.org/10.1136/bmj.g5630
https://www.ncbi.nlm.nih.gov/pubmed/25252733
https://doi.org/10.1016/j.hep.2003.09.022
https://www.ncbi.nlm.nih.gov/pubmed/14647056
https://doi.org/10.1016/S0168-8278(86)80075-7
https://www.ncbi.nlm.nih.gov/pubmed/3958472
https://doi.org/10.1055/s-0035-1553788
https://www.ncbi.nlm.nih.gov/pubmed/27058434
https://doi.org/10.1016/j.gie.2023.12.022
https://www.ncbi.nlm.nih.gov/pubmed/38141686
https://doi.org/10.1016/j.gie.2021.03.023
https://www.ncbi.nlm.nih.gov/pubmed/33771557
https://doi.org/10.1007/s10620-022-07399-7

	Introduction 
	Materials and Methods 
	Selection Criteria 
	Search Strategy 
	Outcomes 
	Statistical Analysis 
	Quality of Evidence Assessment 

	Results 
	Included Studies 
	Sample Adequacy 
	Other Outcomes 
	Trial Sequential Analysis 

	Discussion 
	Conclusions 
	References

