
Background/Aims: Mucosal incision-assisted biopsy (MIAB) for tissue acquisition (TA) from subepithelial lesions (SELs) is emerging 
as an alternative to endoscopic ultrasound (EUS)-guided TA. Only a limited number of studies compared the diagnostic utility of 
MIAB and EUS for upper gastrointestinal (GI) SELs; therefore, we conducted this systematic review and meta-analysis. 
Methods: A comprehensive literature search from January 2020 to January 2022 was performed to compare the diagnostic accuracy 
and safety of MIAB and EUS-guided TA for upper GI SELs. 
Results: Seven studies were included in this meta-analysis. The pooled technical success rate (risk ratio [RR], 0.96; 95% confidence in-
terval [CI], 0.89–1.04) and procedural time (mean difference=–4.53 seconds; 95% CI, –22.38 to 13.31] were comparable between both 
the groups. The overall chance of obtaining a positive diagnostic yield was lower with EUS than with MIAB for all lesions (RR, 0.83; 
95% CI, 0.71–0.98) but comparable when using a fine-needle biopsy needle (RR, 0.93; 95% CI, 0.83–1.04). The positive diagnostic yield 
of MIAB was higher for lesions <20 mm (RR, 0.75; 95% CI, 0.63–0.89). Six studies reported no adverse events. 
Conclusions: MIAB can be considered an effective alternative to EUS-guided TA for upper GI SELs without an increased risk of ad-
verse events. 
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INTRODUCTION 

Subepithelial lesions (SELs) of the gastrointestinal (GI) tract 
arise from the muscularis mucosa, submucosa, or muscularis 

propria. SELs, although most commonly are incidental findings 
on endoscopy, can rarely present with bleeding, dysphagia, 
gastric outlet obstruction, and metastasis based on size, nature 
of the lesion, and location in the GI tract.1 The detection rate 
of SELs has increased recently owing to the increased use of 
screening endoscopies and the advent of technology.2 Although 
most SELs are benign, 15% can be malignant at presentation.3 
Hence, appropriate identification and characterization of these 
lesions are of utmost importance. 

Although SELs are routinely identified on endoscopy, endo-
scopic ultrasonography (EUS) is the first-line modality for char-
acterizing SELs as it provides information regarding the layer of 
origin, intramural/extramural location, size and shape, echoge-
nicity, vascularity, and associated lymphadenopathy. The initial 
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mode of tissue acquisition (TA) for diagnosis was made using 
jumbo biopsy forceps with the bite-on-bite technique rather 
than the standard biopsy forceps. In a retrospective analysis, TA 
with jumbo biopsy forceps had a diagnostic yield of 60%, with a 
better yield compared to that of the EUS fine-needle aspiration 
(FNA) in lesions arising from the submucosal layer (65.1% vs. 
37.5%) than the muscularis propria layer (40% vs. 57.1%), but 
with a higher risk of bleeding when a biopsy was performed on 
lesions arising from the fourth layer.4 

With increasing availability, EUS-guided TA using FNA or 
fine-needle biopsy (FNB) is currently the most commonly 
employed method. However, the diagnostic yield of EUS-FNA 
is affected by the availability of rapid on-site evaluation by a 
cytopathologist and the size of the lesion, with lesions less than 
2 cm having a poor diagnostic yield compared to that of the 
larger lesions.5,6 TA using EUS-FNB obviates the need for rapid 
on-site evaluation, requires fewer passes, and preserves tissue 
architecture. However, previous meta-analyses comparing TA 
using FNA and FNB needles have reported conflicting results.7-9 

Since the original description of the technique by Yokohata 
et al.,10 mucosal incision-assisted biopsy (MIAB) or single inci-
sion with a needle knife has gained importance as an alternative 
method of TA. A mucosal incision line was chosen for this 
technique, and saline with 0.001% epinephrine was injected 
submucosally. A mucosal incision was made using an elec-
trosurgical knife. After submucosal dissection, a biopsy of the 
exposed SEL was performed using conventional biopsy forceps, 
followed by closure of the mucosal incision with endoclips.11 In 
a meta-analysis, Dhaliwal et al.12 showed a high pooled diag-
nostic yield of MIAB and relatively shorter operating time. An 
MIAB variant, endoscopic submucosal dissection-assisted deep 
biopsy has shown a pooled diagnostic rate of 95% with a very 
low rate of adverse events (AEs).13 Given the high diagnostic 
yield of MIAB, it can serve as an alternative to EUS-guided TA 
for the diagnosis of upper GI SELs with minimal complications. 
Hence, the present systematic review and meta-analysis aimed 
to compare EUS-FNA/B and MIAB for the optimal method of 
TA. 

METHODS 

Information sources and search strategy 
The Medline, Embase, Cochrane Central Register of Controlled 
Trials (CENTRAL), and Science Direct databases were searched 
from January 2000 to January 2022 for all relevant studies. The 

following keywords were used for the search: (EUS OR “Endo-
scopic ultrasound”) AND Subepithelial AND (MIAB OR Inci-
sion OR Biopsy OR “Needle knife”). Additionally, the reference 
lists of all identified trials, guidelines, and reviews on the topic 
were searched for relevant records. This meta-analysis was 
performed in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines.14 

Study selection 
Two independent reviewers searched the titles and abstracts 
of the retrieved search records for the inclusion and exclusion 
criteria, followed by full-text screening of potential eligible cita-
tions. A third reviewer resolved disagreements. Studies includ-
ed in this meta-analysis were comparative studies fulfilling the 
following PICO criteria: (1) Patients=upper GI SELs; (2) Inter-
vention=use of MIAB or its variants, like submucosal tunneling 
for TA; (3) Comparison=EUS-guided TA using either FNA or 
FNB needle; and (4) Outcomes=procedural outcomes, diagnos-
tic outcomes, and AEs. Only the original articles were included 
in the analysis. There was no bar on language, as long as the 
study outcomes were mentioned in the text. Non-comparative 
studies, conference abstracts, case series, and studies involving 
persons aged <18 years were excluded from the analysis.  

Data extraction 
Data extraction was independently performed by two inves-
tigators. A third reviewer resolved disagreements. Data were 
collected under the following headings: study author and year, 
number of patients, age distribution, type of intervention used 
and comparator arm, follow-up duration, outcomes, and AEs. 

Definition of outcomes 
The primary outcome of the analysis was a positive diagnostic 
yield, defined as the percentage of lesions in which a pathologist 
could make a confirmed diagnosis. The secondary outcomes 
included the technical success, procedural time, and AEs. Tech-
nical success was defined as access to the target tissue and ob-
taining of visible tissue specimens or fragments. AEs included 
the development of pain, bleeding, and perforation, which were 
directly related to the procedure. The procedural time was con-
sidered according to the definition of individual studies. 

Risk of bias in individual studies 
The risk of bias was assessed by two reviewers using the Co-
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chrane risk of bias (RoB 2) tool for randomized controlled 
trials (RCTs)15 and the Cochrane Collaboration’s risk of bias in 
non-randomized studies of interventions (ROBINS-I) tool for 
non-randomized studies.16 

Statistical analysis 
Dichotomous variables were analyzed using the risk ratio (RR) 
and Mantel-Haenszel test. A random-effects model was used 
irrespective of the presence of heterogeneity. The Q and I2 
statistics were used to assess heterogeneity among the studies. 
A p-value of Q test <0.1 or the I2 value >50% was considered 
to be significant. Publication bias was assessed by visual in-
spection of funnel plots. A subgroup analysis was performed 
based on the size and location of the SEL. A sensitivity analysis 
was conducted using a leave-one-out meta-analysis, which ex-
cluded one study from each analysis to investigate each study's 
influence on the overall effect-size estimate and to identify 
influential studies. All statistical analyses were performed us-
ing the RevMan software (ver. 5.4.1; Cochrane Collaboration) 
and STATA software (ver. 17; StataCorp., College Station, TX, 
USA). 

RESULTS 

Study characteristics and quality 
Total 825 records were identified in the search, and 536 were 
screened after removing duplicates. Figure 1 shows the PRIS-
MA flowchart of the article selection process. Seven studies17-23 
were included in the meta-analysis. Table 1 summarizes the 
characteristics of the included studies. The majority of the 
studies were from Asia,17-21 one study was from Europe,22 and 
another multicenter study involved centers in North America 
and Europe.23 Three studies were prospective,18,20,21 three were 
RCTs1,19,23 and one was retrospective.21 The SEL was located 
in the stomach in most of the studies,17-19,21 while three stud-
ies20,22,23 included lesions in the esophagus and duodenum along 
with the stomach. The pooled mean age of the population was 
61.1±12.1 years. With respect to EUS-guided TA, four studies 
used FNA needles,17-19,22 two used FNB needles,20,23 and one 
used both.21 Among the RCTs, only one had a low risk of bias,23 
whereas the other two had a moderate risk of bias (Fig. 2A).19,22 
Among the non-randomized studies, one study had a low risk 
of bias,18 two had a moderate risk of bias,20,21 and one had a high 
risk of bias (Fig. 2B).17  
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Duplicated data (n=2)
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Review articles (n=40)
Case reports (n=15)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta‐
Analyses (PRISMA) flowchart for the study selection process.

Outcomes 

1) Technical success 
All seven studies17-23 with 520 patients reported the technical 
success of both procedures. Both MIAB and EUS-guided TA 
had comparable technical success rates (RR, 0.94; 95% confi-
dence interval [CI], 0.87–1.03; I2=81), with significant hetero-
geneity among the studies (Fig. 3). A sensitivity analysis using 
only RCTs19,22,23 also showed a comparable technical success be-
tween the two modalities (RR, 1.00; 95% CI, 0.94–1.06; I2=0%). 

2) Positive diagnostic yield 
All seven studies17-23 reported the outcome of diagnosis based 
on histology. The pooled rate of diagnostic yield with MIAB 
was 90.7% (95% CI, 84.7–96.7; I2=71.8%), which was signifi-
cantly higher than that of the EUS-guided TA 72.1% (95% 
CI, 60.7–83.4; I2=78.5%). The pooled rate of diagnostic yields 
with EUS-FNA and EUS-FNB were 73.8% (95% CI, 58.4–89.3; 
I2=85.1%) and 77.7% (95% CI, 59.8–95.7; I2=78.7%), respec-
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tively. Use of EUS for TA from SELs was associated with a lower 
diagnostic yield compared to that of MIAB (RR, 0.83; 95% CI, 
0.71–0.98; I2=67%), with significant heterogeneity among the 
studies (Fig. 4). Meta-regression to assess the source of hetero-
geneity could not be performed because the number of studies 
included in the analysis was less than ten. 

Heterogeneity can be due to differences in the needle used, 
size of the mass lesion, and location of the lesion. Hence, a sub-
group analysis was conducted to compare the diagnostic rates 
of EUS-FNB and MIAB. Both methods were comparable in 
achieving a diagnosis without any heterogeneity (RR, 0.93; 95% 
CI, 0.83–1.04; I2=0%) (Fig. 5A). Comparing both techniques 
with respect to the lesion size, MIAB was better than EUS-guid-
ed TA without any heterogeneity (RR, 0.75; 95% CI, 0.63–0.89; 
I2=0%) (Fig. 5B). On sensitivity analysis of only RCTs,19,22,23 the 
diagnostic yield was comparable between the two modalities 
(RR, 0.91; 95% CI, 0.77–1.07; I2=30%). Analyzing available data 
of only gastric SELs,17-21 the diagnostic yield was lower with EUS 

than with MIAB (RR, 0.77; 95% CI, 0.62–0.97; I2=71%) (Fig. 
5C). However, on subgroup analysis of three studies19-21 based 
on the location of the lesion in stomach, there was no difference 
in the diagnostic yield between lesions in upper stomach (RR, 
0.89; 95% CI, 0.79–1.01; I2=0%), middle stomach (RR, 0.88; 
95% CI, 0.69–1.11; I2=0%), and lower stomach (RR, 0.72; 95% 
CI, 0.49–1.06; I2=15%). 

3) Procedural time 
Overall, five studies17-19,21,23 including 418 patients reported dif-
ferences in procedural time with both techniques. There was 
no significant difference in the procedural time, although there 
was significant heterogeneity (mean difference [MD], –4.53 
seconds; 95% CI, –22.38 to 13.31; I2=99%) (Fig. 6). A sensitivity 
analysis pooling data from only RCTs19,23 showed no difference 
in the procedural time (MD, –5.81 seconds; 95% CI, –14.53 to 
2.91; I2=89%). 

D1 D2 D3 D4 D5 Overall

Osoegawa 2019 – + + + + –

Zoundjiekpon 2020 – + + + + –

Sanaei 2020 + + + + + +

Risk of bias domains

Domains:
D1: Bias arising from the randomization process.
D2: Bias due to deviation form intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Judgement
–  Some concerns
+  Low

St
ud

y

D1 D2 D3 D4 D5 D6 D7 Overall

Jung 2016 × × + + + + + ×

Kobara 2017 + + + + + + + +

Park 2019 + – + + + + + –

Minoda 2020 – + + + + + + –

Risk of bias domains

Domains:
D1: Bias due to confounding.
D2: Bias due to selection of participants.
D3: Bias in classification of interventions.
D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data.
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Judgement
×  Serious
–  Moderate
+  Low

St
ud

y

Fig. 2. Risk of bias assessment for randomized controlled trials (A) and non-randomized studies (B).

AA BB

Fig. 3. Forest plot comparing the technical success between mucosal incision-assisted biopsy and EUS-guided tissue acquisition. EUS, endo-
scopic ultrasound; MIAB, mucosal incision-assisted biopsy; M-H, Mantel-Haenszel; CI, confidence interval.
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4) Procedural complications 
Among the seven included studies,17-23 six did not report any 
AE  by Sanaei et al.,23 the rate of AEs was 7.69% (95% CI, 

2.13–24.14) in the EUS-FNB group as compared to 10% (95% 
CI, 3.45–25.62) in the MIAB group (p>0.99). In the EUS-group, 
two patients had abdominal pain, whereas in the MIAB group, 

Study or subgroup
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Fig. 5. Forest plot comparing the diagnostic yield between mucosal incision-assisted biopsy and EUS-guided tissue acquisition for subgroups. 
(A) Use of EUS-FNB. (B) Size of lesion <20 mm. (C) Gastric subepithelial lesions. EUS, endoscopic ultrasound; FNB, fine-needle biopsy; 
MIAB, mucosal incision-assisted biopsy; M-H, Mantel-Haenszel; CI, confidence interval.
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one had pain and two developed delayed bleeding within six 
days after the procedure. One of the bleeding episodes was 
self-limiting, whereas the other required arterial embolization.  

5) Assessment of publication bias and leave-one-out analysis 
Visual assessment of the funnel plot (Supplementary Fig. 1) and 
Egger’s test (Supplementary Table 1) showed the presence of 
publications for both technical success and diagnostic accura-
cy, but not for procedural time. A leave-one-out meta-analysis 
(Supplementary Fig. 2) showed a significant change in proce-
dural time (Supplementary Fig. 2C). With the exclusion of the 
study by Jung et al.,17 EUS-guided TA was associated with a sig-
nificantly shorter procedure duration than MIAB (MD, –12.34 
seconds; 95% CI, –21.05 to –3.64; I2=91%). Table 2 summarizes 
findings with confidence in the evidence. 

DISCUSSION 

The present meta-analysis attests to the role of MIAB as an 
alternative to EUS-guided TA in upper GI SELs. The analy-
sis showed a similar technical success rate with EUS-guided 
TA and MIAB (RR, 0.96; 95% CI, 0.89–1.04), but a lower rate 
of diagnostic yield with EUS-guided TA (RR, 0.83; 95% CI, 
0.71–0.98). On subgroup analysis, EUS-FNB was comparable 
to MIAB with respect to the diagnostic yield (RR, 0.93; 95% CI, 
0.83–1.04). However, the diagnostic yield of EUS-guided TA 
was lower than that of MIAB for diagnosing lesions less than 
20 mm (RR, 0.75; 95% CI, 0.63–0.89). Both techniques were 
associated with significantly low AE rates. Although the proce-
dural time was similar in both methods on overall analysis (MD, 
–5.81 seconds; 95% CI, –14.53 to 2.91), the study by Jung et al.17 
was a significant outlier, and with its exclusion, the mean proce-
dural time was lower with EUS (MD, –12.34 seconds; 95% CI, 

–21.05 to –3.64). 
The current guidelines by the European Society of Gastro-

intestinal Endoscopy (ESGE) recommend tissue diagnosis for 
all SELs with features suggestive of gastrointestinal stromal 
tumor (GIST), size >20 mm, associated high-risk stigmata on 
EUS, or prior to surgical resection.24 The European Society for 
Medical Oncology25 and the Japanese GIST Guideline Sub-
committee26 recommend resection of GIST, even those <20 
mm. Hence, tissue sampling for pathological and immunohis-
tochemical analyses is a critical step in managing SELs. The 
ESGE recommends using either MIAB or EUS-guided TA 
for sampling SELs >20 mm in size. For SELs <20 mm in size, 
the ESGE recommends MIAB as the first choice, followed 
by EUS-guided TA.24 Dhaliwal et al.,12 in a meta-analysis on 
the outcome of MIAB for upper GI SELs, reported an overall 
pooled diagnostic yield of 89% without any heterogeneity. In 
the current meta-analysis, MIAB was associated with a higher 
chance of diagnosis than EUS-guided TA. Hence, the utility of 
MIAB in the diagnosis of SELs needs to be explored in larger 
studies. 

Meta-analyses comparing TA with SELs using FNA and 
FNB needles have reported conflicting results. Two me-
ta-analyses reported better diagnostic accuracy with FNB,7,8 
while another meta-analysis reported no difference in accura-
cy with FNA/FNB or based on the choice of needle employed.9 
The pooled rates of diagnostic yield in the present analysis 
with MIAB, EUS-FNB, and EUS-FNA were 90.7% (95% CI, 
84.7–96.7), 77.7% (95% CI, 59.8–95.7), and 73.8% (95% CI, 
58.4–89.3), respectively. In subgroup analysis comparing the 
diagnostic rate of EUS-FNB with MIAB in the present study, 
both methods were comparable in achieving a diagnosis with-
out any heterogeneity (RR, 0.93; 95% CI, 0.83–1.04). Consid-
ering the overall quality of the tissue obtained, both EUS-FNB 
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and MIAB may be superior to EUS-FNA for the histological 
diagnosis of SELs. 

In a study analyzing the factors influencing the diagnostic 
yield of EUS-FNA for SELs, the diagnostic accuracy was 50% 
for lesions <20 mm and 91.6% for those >20 mm.6 Akahoshi 
et al.5 reported a diagnostic rate of 71% for lesions <20 mm, 
86% for those between 20 mm and 40 mm, and 100% for those 
>40 mm. This is mainly because the smaller size of the lesion 
makes it difficult to target using EUS-guided TA techniques. 
In the present analysis, the diagnostic yield of EUS-guided TA 
was lower than that of MIAB for small SELs <20 mm (RR, 0.75; 
95% CI, 0.63–0.89). The low diagnostic yield of EUS-guided TA 
in the study by Kobara et al.18 may be attributed to the fact that 
approximately 74% of the SEL were smaller than 2 cm. Hence, 
for SELs <20 mm, MIAB may be considered the preferred op-
tion over EUS. However, this rule has a caveat. Kim27 proposed 
a classification method to determine whether GISTs were pre-
dominantly intramural or extramural. Those with predominant 
extramural components (types III and IV) may not be ade-
quately sampled using MIAB, and EUS-guided TA may be the 
preferred modality in these situations. 

The present analysis showed no significant difference in the 
procedural time (MD, –4.53 seconds; 95% CI, –22.38 to 13.31), 
although there was significant heterogeneity. Therefore, these 
findings should be interpreted with caution. In a leave-one-out 
meta-analysis, after excluding the influential study by Jung et 
al.,17 the procedural timing was significantly shorter with EUS. 
Thus, MIAB may be associated with longer procedure duration 
than EUS. 

Dhaliwal et al.12 reported a pooled clinically significant post- 
procedural bleeding rate of 5.03% (95% CI, 0.4–12.9, I2=57.43%) 
with MIAB, but no perforation. In the present analysis, six17-22  

of the seven included studies reported no AEs with either of 
the procedures. Only the study by Sanaei et al.23 reported AEs, 
such as abdominal pain and bleeding associated with both tech-
niques without any significant difference (p=1.0). This indicates 
the comparable safety of the two procedures. In terms of other 
available techniques for tissue diagnosis of SELs, Facciorusso et 
al.28 compared EUS-FNB with bite-on-bite biopsy using jumbo 
forceps. The sample adequacy and diagnostic accuracy were 
significantly higher with EUS-FNB (94.1% vs. 77.5% and 89.3% 
vs. 67.1%, respectively), with a lower bleeding rate (6.6% vs. 
29.1%). However, there are no recent comparative studies that 
evaluated the outcome of MIAB with jumbo-forceps biopsy. 

The findings of this study are important for several reasons. 
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First, the overall diagnostic yield with MIAB is comparable to 
that of EUS-guided TA and is better for lesions <20 mm in size. 
MIAB can be performed during routine endoscopy and no 
advanced equipment is required. Second, lesion size does not 
affect the diagnostic yield of MIAB, while needle passage and 
aspiration of small-sized SELs may be challenging with EUS. 
Third, MIAB can be easily performed regardless of the anatom-
ic location of the lesion in the stomach, provided a reasonable 
bulge is visualized endoscopically (type I and II according to 
Kim’s classification). In contrast, EUS-guided TA, especially 
FNA, can have a higher failure rate when the SEL is in the car-
dia or fundus because the stiff device has difficulty accessing 
these areas.17 To address the suboptimal diagnostic yield of 
EUS-FNA, a study was conducted using a forward-viewing 
echoendoscope, which showed a complete histological as-
sessment in 93.4% of patients.29 However, a subsequent RCT30 
reported comparable rates of histologic diagnosis between for-
ward- and oblique-viewing echoendoscopes (80.5% vs. 73.2%; 
p=0.453). 

There were a few limitations in the study, most inherent to 
any meta-analysis, which warrant further discussion. First, 
most of the studies were from a single center and two were 
retrospective. Second, the RCTs included in the analysis were 
underpowered to demonstrate a reasonable difference. Third, 
there was moderate to considerable heterogeneity in the stud-
ies with respect to the type of needle used and size of the mass 
lesions. Moreover, the definitions for procedural time varied 
among the studies, and one study did not define procedural 
time. Finally, economic considerations regarding the impact of 
sampling by MIAB or EUS-guided TA were beyond the scope 
of the current meta-analysis. 

In conclusion, MIAB and EUS-guided TA have comparable 
technical success, diagnostic accuracy, and procedural time, 
but with significant heterogeneity. However, MIAB was better 
than EUS-guided TA for small lesions without heterogeneity. 
MIAB is an alternative to EUS-guided TA in clinical practice 
and may be the procedure of choice for SELs <20 mm in size. 
In centers where EUS expertise is unavailable, MIAB is an easy 
and safe alternative for EUS-guided TA. Large multicenter 
trials are the need of the hour to validate the findings of this 
meta-analysis. 
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Supplementary Fig. 1. Funnel plot for assessment of publication 
bias.

Supplementary Fig. 2. Leave-one-out meta-analysis for sensitivi-
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