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ABSTRACT

Background and study aims There is limited evidence on

the diagnostic performance of endoscopic ultrasound

(EUS)-guided tissue acquisition in autoimmune pancreatitis

(AIP). The aim of this meta-analysis was to provide a pooled

estimate of the diagnostic performance of EUS-guided fine-

needle aspiration (FNA) and fine-needle biopsy (FNB) in pa-

tients with AIP.

Patients and methods Computerized bibliographic

search was performed through January 2020. Pooled ef-

fects were calculated using a random-effects model by

means of DerSimonian and Laird test. Primary endpoint

was diagnostic accuracy compared to clinical diagnostic

criteria. Additional outcomes were definitive histopatholo-

gy, pooled rates of adequate material for histological diag-

nosis, sample adequacy, mean number of needle passes.

Diagnostic sensitivity and safety data were also analyzed.

Results Fifteen studies with 631 patients were included, of

which four were prospective series and one randomized

trial. Overall diagnostic accuracy of EUS tissue acquisition

was 54.7% (95% confidence interval, 40.9%–68.4%), with

a clear superiority of FNB over FNA (63%, 52.7% to 73.4%

versus 45.7%, 26.5%–65%; p < 0.001). FNB provided level 1

of histological diagnosis in 44.2% of cases (30.8%–57.5%)

as compared to 21.9% (10%–33.7%) with FNA (P<0.001).

The rate of definitive histopathology of EUS tissue sampling

was 20.7% (12.9%–28.5%) and it was significantly higher

with FNB (24.3%, 11.8%–36.8%) as compared to FNA

(14.7%, 5.4%–23.9%; P <0.001). Less than 1% of subjects

experienced post-procedural acute pancreatitis.

Conclusion The results of this meta-analysis demonstrate

that the diagnostic performance of EUS-guided tissue ac-

quisition is modest in patients with AIP, with an improved

performance of FNB compared to FNA.

Supplementary material is available under

https://doi.org/10.1055/a-1293-7279
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Introduction
Autoimmune pancreatitis (AIP) is increasingly recognized due
to improvements in diagnostic modalities and well-established
criteria for its diagnosis. Current international consensus diag-
nostic criteria (ICDC) for the diagnosis of AIP include 5 do-
mains: characteristic imaging of the pancreatic parenchyma
and duct, serology, other organ involvement, pancreatic histo-
pathology, and response to steroid trial [1]. There are currently
two primary subtypes recognized, which are commonly re-
ferred to as type 1 AIP and type 2 AIP. Type 1 AIP represents
the pancreas manifestation of a systemic disease referred to as
IgG4-related disease, whereas type 2 AIP is a pancreas-specific
disorder that is much less commonly encountered [2].

Among these criteria, histology plays an important role in
the ICDC as it represents the gold standard for diagnosis. An-
other key role is to rule out malignant disease in patients with
indeterminate imaging features [2].

Since most of the histological features of type 1 AIP (pre-
viously described as lymphoplasmacytic sclerosing pancreatitis
[LPSP]) [3, 4], can be assessed only on core biopsy tissue sam-
ples, the role of endoscopic ultrasound (EUS)-guided fine-nee-
dle aspiration (FNA) has been questioned in this field and is not
included in ICDC as a method for histopathologic diagnosis of
AIP, because of the difficulty in obtaining adequate specimens
for histopathologic analysis [1, 2].

The development of EUS fine-needle biopsy (EUS-FNB) nee-
dles has generated a great deal of interest in the field of EUS-
tissue acquisition (TA) primarily based on proposed advantages
over EUS-FNA needles of improving diagnostic accuracy, im-
proving procurement of samples with preserved tissue archi-
tecture and allowing for immunohistochemistry or special
stains required for certain diagnoses, including pancreatic can-
cer and AIP [5].

FNB needles, in particular newer devices with fork-tip design
(SharkCore, Medtronic, Minneapolis, Minnesota, United States)
or with three symmetric cutting edges (Acquire, Boston Scien-
tific Corp, Natick, Massachusetts, United States), were found to
significantly improve the diagnostic yield in patients with pan-
creatic masses [6, 7] and they showed encouraging results in a
preliminary series of AIP patients [8].

Although FNB needles are thought to improve tissue cap-
ture, thus increasing the histological accuracy, there is limited
evidence on the diagnostic performance of EUS-TA in AIP;
hence there is a need to systematically assess the increasing
body of evidence in the field in order to better define its role in
the diagnostic algorithm of patients with AIP.

The aim of this meta-analysis is to provide a pooled estimate
of the diagnostic performance and safety profile of all the avail-
able needles for EUS-TA in patients with AIP.

The primary endpoint was diagnostic accuracy compared to
diagnostic criteria, which commonly include response to ster-
oid therapy. Additional outcomes were definitive histopatholo-
gy, pooled rates of adequate material for histological diagnosis
according to ICDC histological criteria (level 1 and 2), sample
adequacy, mean number of needle passes. Diagnostic sensitiv-
ity of FNB needles and safety data were also analyzed.

Materials and methods
Inclusion and exclusion criteria

Only studies meeting the following criteria were included: 1) ar-
ticles recruiting >10 patients with AIP undergoing EUS-TA; 2)
studies published in English; 3) articles reporting diagnostic ac-
curacy. Case reports, non-endoscopic studies, review articles,
and animal models were excluded.

Search strategy

▶Fig. 1 shows the search strategy followed in the meta-analy-
sis.

Bibliographic research was conducted on PubMed, EMBASE,
Cochrane Library and Google Scholar including all studies ful-
filling inclusion criteria published until January 2020.Details of
the search strategy adopted are reported in Supplementary
Table1.

Relevant reviews and meta-analyses on the use of EUS-TA in
patients with AIP were examined for additional eligible studies.
Authors of included studies were contacted to obtain full text
or further information when needed. Data extraction was con-
ducted by two reviewers (AF and FA) and the quality of included
studies was assessed by two authors independently (AF, GT) ac-
cording to the Cochrane Collaboration’s tool for assessing the
risk of bias [9] for randomized-controlled trials (RCTs) and the
Newcastle-Ottawa scale [10] for non-randomized studies. Dis-
agreements were solved by discussion and following a third
opinion (SW).

Outcomes

The primary outcome was diagnostic accuracy, defined as true
positive + true negative/total number of patients, where true
positive was considered the presence in the tissue sample of
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characteristic pathological features of AIP according to ICDC
criteria. Two additional outcomes related to the primary end-
point were the presence of adequate material and characteris-
tic features of type 1 AIP (lymphoplasmacytic infiltration, stori-
form fibrosis, obliterative phlebitis, and abundant immunoglo-
bulin (IG) G4-positive staining cells [defined as > 10 positive
cells per high-power field]) as outlined in the histological crite-
ria for ICDC [11], and definitive histopathology (defined as the
contribution of histologic findings obtained with EUS-TA to the
definitive diagnosis of AIP according to the ICDC when the diag-
nosis was not possible clinically based on imaging, serology, or
other organs involvement).

According to ICDC criteria, level 1 of histological diagnosis
for type 1 AIP was defined by the presence of at least three of
the aforementioned features of LPSP, level 2 by the presence of
two of the above reported features [11].

Other secondary outcomes were sample adequacy (defined
as the ability to procure histological samples adequate for in-
terpretation), number of needle passes, and safety. Pooled sen-
sitivity (true positive/true positive + false negative) with FNB
needles was also analyzed.

Statistical analysis

Diagnostic outcomes were computed overall and then sep-
arately pooled for each TA modality (FNB versus FNA) through
a random-effects model based on DerSimonian and Laird test,
and summary estimates were expressed in terms of rates and
95% Confidence Interval (CI). The pooled diagnostic outcomes
of the two TA modalities (FNB versus FNA) were compared
using the bivariate approach [12].

Chi-square and I² tests were used for across studies compar-
ison of the percentage of variability attributable to heterogene-
ity beyond chance. P <0.10 for chi-square test and I²<20% were
interpreted as low-level heterogeneity. Probability of publica-
tion bias was assessed using funnel plots and with Begg and Ma-
zumdar’s test. Safety data were inconsistently reported, hence
they were analyzed descriptively.

Sensitivity analysis was conducted according to the quality
of included studies (high versus low), location of the studies
(East versus West), study design (prospective versus retrospec-
tive), type of publication (full-text versus conference abstract),
and restricted to studies enrolling exclusively patients with
type-1 AIP.

A subgroup analysis based on several FNA and FNB devices
was performed.

All statistical analyses were conducted using OpenMeta
[Analyst] software. For all calculations a two-tailed p value of
less than 0.05 was considered statistically significant.

Results
Characteristics of included studies

As shown in ▶Fig. 1, out of 155 studies initially identified, after
preliminary exclusion of manuscripts not fulfilling inclusion
criteria, 19 potentially relevant articles were examined. Among
these studies, four were further excluded because there was

overlap in enrollment or did not report subgroup data concern-
ing autoimmune pancreatitis.

Finally, 15 studies [8, 13–26] with 631 patients were includ-
ed in the meta-analysis.

The main characteristics of the included studies are report-
ed in ▶Table 1.

The recruitment period ranged from 1997 to 2018. Five
studies [8, 13, 17, 18, 21] were prospective, of which one was a
randomized-controlled trial (RCT) [8], and ten were retrospec-
tive series [14–16, 19, 20, 22–26]. Six studies tested 22G FNA
needles [13–18], one study the 19G FNA needle [19], one study
compared wet suction with either 19G and 22G FNA versus dry
suction [21], and another series did not specify the FNA device
used [20]. FNB was used in six studies [8, 22–26], of which one
RCT [8] compared 22G Franseen FNB (Acquire) to 20G FNB nee-
dle (ProCore), one study compared 19G FNB to 22G reverse-
bevel FNB needle (ProCore) [22], one study tested the 21G
FNB (Sonopsy CY) [23], one study compared 19G TruCut (TCB)
FNB to 22G FNA [26], and two series merged data obtained
with several devices [24, 25]. Three studies were published
only as conference abstracts [22–24].

All the included studies were conducted in Asia except two
retrospective American series [20, 24] and all comparative
studies presented two well-balanced arms in terms of baseline
clinical-demographical characteristics (▶Table 1). Rapid on-
site cytological evaluation (ROSE) was not available (or not re-
ported) in the included studies except for a single Japanese se-
ries [26].

In 12 studies [8, 13, 15–19, 21, 23–26] the diagnosis
achieved with EUS-TA was based on ICDC histologic criteria.

Quality was deemed mainly high with six retrospective stud-
ies assessed as low-quality articles [14, 20, 22–25]. Details on
methodological characteristics and quality of included articles
are shown in Supplementary Table 2.

Diagnostic accuracy

As reported in ▶Fig. 1, ▶Fig. 2 and ▶Table 2, overall diagnos-
tic accuracy of EUS-TA was 54.7% (95% CI, 40.9%–68.4%; I2=
94.3%). Subgroup analysis performed according to the needle
used showed a superiority of FNB over FNA (63%, 52.7%–73.4%
versus 45.7%, 26.5%–65%; P <0.001). Of note, as reported in

▶Fig. 3 and ▶Table2, the high heterogeneity observed in the
overall analysis was confirmed within the EUS-FNA group (I2=
94.9%) while only moderate heterogeneity was registered in
the FNB analysis (I2=49%). Further sub-analysis performed ac-
cording to the needle design showed higher accuracy with 19G
TCB as compared to 22G reverse-bevel needle (68.5%, 55.2%–
81.8% versus 58.9%, 39.4%–78.3%), whereas the poorer per-
formance was observed with 19G FNA needle (42.5%, 28.4%–
56.6%; ▶Table2). There was no evidence of publication bias
(data not shown).

A further subanalysis was restricted to studies considering
ICDC histological criteria for the diagnosis of AIP, confirming
the results of the main analysis (accuracy: 56.8%, 46.4%–
67.2%; Supplementary Figure 1).

The findings of main analysis were confirmed in sensitivity a-
nalysis performed according to study quality (high versus low),
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design (prospective versus retrospective), location (East versus
West), type of publication (full-text versus conference ab-
stract), and restricted to studies enrolling exclusively patients
with type-1 AIP (Supplementary Table 3). Heterogeneity in
the sensitivity analysis was low to moderate (ranging from
2.3% to 55%).

FNB provided level 1 of histological diagnosis according to
ICDC criteria in 44.2% of cases (30.8%–57.5%) as compared to
21.9% (10%–33.7%) with FNA (P<0.001; Supplementary Fig. 2
and ▶Table2). Additional 16.1% (7.6%–24.6%) and 27.1%
(15.5%–38.7%) of patients obtained level 2 of ICDC histological
diagnosis with FNB and FNA, respectively (Supplementary
Fig. 2 and ▶Table 2).

As a consequence, FNB provided a rate of definitive histopa-
thology (proportion of patients who could be diagnosed as de-
finitive AIP solely based on the histologic findings obtained with
EUS-TA) as high as 24.3% (11.8%–36.8%) as compared to only
14.7% (5.4%–23.9%) with FNA (P<0.001; ▶Table 2 and Sup-
plementary Fig. 3). Combined, the rate of definitive histo-
pathology of EUS-TA in patients with AIP was 20.7% (12.9%–
28.5%) (▶Fig. 4). Moderate evidence of heterogeneity was ob-
served (I2=28.6%) and no evidence of publication bias was ob-
served, as confirmed with Begg and Mazumdar’s test (P=0.64).

Secondary outcomes

Diagnostic sensitivity of FNB needles was 82.7% (63.9%–100%),
with high evidence of heterogeneity (I2=91.6%; Supplemen-
tary Fig. 4).

Sample adequacy was 85.4% (79.3%–91.5%), with evi-
dence of superiority of FNB over FNA (86.3%, 78.2%–94.3%
and 77.1%, 64.8%–89.5%, respectively; ▶Table 2 and Supple-
mentary Fig. 5). However, this finding should be interpreted
with caution due to the high heterogeneity observed (I2=
78.4%).

Analysis of number of needle passes needed to obtain ade-
quate sample showed favorable results with FNB in comparison
to standard FNA (2.79, 1.95–3.62 versus 3.27, 2.68–3.86; P<
0.001). Again, as reported in ▶Table2 and Supplementary
Fig. 6, these findings were weakened by the high heterogeneity
(I2=96.7% in the overall analysis).

Details on safety profile of FNB and FNA needles are report-
ed in Supplementary Table 4. Of note, only a small number of
patients experienced adverse events and all of these complica-
tions (mainly acute pancreatitis) were mild (n =6 with mild
acute pancreatitis) and did not impact on patient outcomes.

Studies Estimate (95% C.I.)  Ev/Trt

Cao 2018 0.630 (0.447, 0.812) 17/27
Imai 2011 0.023 (0.000, 0.085) 0/21
Ishikawa 2012 0.362 (0.224, 0.499) 17/47
Iwashita 2012 0.432 (0.285, 0.578) 19/44
Jung 2015 0.548 (0.425, 0.672) 34/62
Kanno 2012 0.800 (0.643, 0.957) 20/25
Kanno 2016 0.577 (0.467, 0.687) 45/78
Khalid 2011 0.643 (0.392, 0.894) 9/14
Kurita (I) 2019 0.780 (0.665, 0.895) 39/50
Kurita (II) 2019 0.451 (0.314, 0.588) 23/51
Lee (I) 2017 0.733 (0.510, 0.957) 11/15
Lee (II) 2017 0.500 (0.349, 0.651) 21/42
Mizuno (I) 2009 0.786 (0.571, 1.000) 11/14
Mizuno (II) 2009 0.286 (0.049, 0.522) 4/14
Morishima 2016 0.620 (0.485, 0.755) 31/50
Tsutsumi 2019 0.643 (0.392, 0.894) 9/14
Sugimoto (I) 2020 0.727 (0,464, 0.990) 8/11
Sugimoto (II) 2020 0.130 (0.000, 0.268) 3/23
Zator 2018 0.793 (0.646, 0.941) 23/29
Overall  0.547 (0.409, 0.684) 344/631
(I2 = 94.32 %, P < 0.001)

0.2 0.4 0.6
Proportion

0.8 10

▶ Fig. 2 Pooled analysis assessing the diagnostic accuracy of endoscopic ultrasound-guided tissue acquisition in patients with autoimmune
pancreatitis. Overall diagnostic accuracy was 54.7% (40.9%–68.4%; I2=94.3%).
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Discussion
The histological diagnosis of AIP represents a challenge for the
endoscopist due to the difficulty to obtain adequate core tissue
samples. In order to overcome at least partially these limita-
tions and given the pressing need of adequate histological sam-
ples for pathology analysis, biopsy needles have been devel-
oped and introduced in clinical practice [27].

A 19G EUS TCB biopsy needle (Quick-Core, Wilson-Cook,
Winston-Salem, North Carolina, United States) appeared to be
safe and to be able to provide sufficient histologic specimens
to aid in the diagnosis of AIP, thereby guiding treatment and
avoiding surgical intervention [26]. However, since the devel-

opment of newer needles (such as reverse-bevel, Franseen, or
Fork-Tip device) the use of TCB has been abandoned due to its
lack of flexibility and failure of the spring-loading charging
mechanism.

As a consequence, the current ICDC guidelines recommend
a pancreatic core biopsy in patients presenting with a focal
mass and/or obstructive jaundice once cancer has been exclud-
ed and the diagnosis remains elusive [11].

Based on these premises, there is a clear need to systemati-
cally evaluate the impact of EUS-TA, in particular EUS-FNB, on
the diagnosis of AIP.

With a meta-analysis of 15 studies we made several key ob-
servations.

▶Table 2 Overall and subgroup analysis of main diagnostic outcomes. Subgroup analysis was performed based on the needle used. Numbers in par-
entheses indicate 95% confidence intervals.

Subgroup No. of Cohorts No. of patients Summary Estimate (95% CI) Within-group heterogeneity (I2)

Diagnostic accuracy

Overall 19 631 54.7% (40.9%–68.4%) 94.3%

Fine-needle aspiration 11 321 45.7% (26.5%–65%) 94.9%

Fine-needle biopsy  9 310 63% (52.7%–73.4%) 49%

Needle 19G FNA  2  47 42.5% (28.4%–56.6%)  0%

22G FNA  8 272 45.1% (21.4%–68.7%) 13.4%

TruCut  3  57 68.5% (55.2%–81.8%) 19.8%

22G ProCore®  2  62 58.9% (39.4%–78.3%) 38.7%

Histological Level of Diagnosis

Level 1 Overall 14 477 31.4% (20.5%–42.3%) 89.6%

FNA  8 275 21.9% (10%–33.7%) 87%

FNB  6 202 44.2% (30.8%–57.5%) 28.6%

Level 2 Overall 14 477 22.5% (14.9%–30.2%) 79.7%

FNA  8 275 27.1% (15.5%–38.7%) 81.2%

FNB  6 202 16.1% (7.6%–24.6%)  8.1%

Definitive histopathology

Overall 15 485 20.7% (12.9%–28.5%) 28.6%

Fine-needle aspiration  6 237 14.7% (5.4%–23.9%) 80%

Fine-needle biopsy  6 186 24.3% (11.8%–36.8%) 17.4%

Sample adequacy

Overall 13 442 85.4% (79.3%–91.5%) 78.4%

Fine-needle aspiration  7 223 77.1% (64.8%–89.5%) 88.5%

Fine-needle biopsy  7 230 86.3% (78.2%–94.3%) 75.6%

Number of needle passes

Overall 14 477  3.13 (2.68–3.57) 96.7%

Fine-needle aspiration  9 319  3.27 (2.68–3.86) 47.6%

Fine-needle biopsy  4 158  2.79 (1.95–3.62) 48.8%

CI, confidence interval; FNA, fine-needle aspiration; FNB, fine-needle biopsy.
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First, overall diagnostic accuracy of EUS-TA was 54.7%, with
a superiority of FNB over FNA. Therefore, as expected, FNB was
found to outperform standard FNA in a condition, such as AIP,
where achieving a core sample with preserved tissue architec-
ture is of paramount importance. The high heterogeneity ob-
served in the main analysis could be interpreted as due to the
different needles used across the included studies. In fact, re-
stricting the analysis only to FNB or to single needles (TCB or re-
verse-bevel) led to a dramatic decrease in the amount of het-
erogeneity. Among the several FNB devices, the higher accura-
cy was observed with 19G TCB although this finding could be
due to the higher number of studies supporting its use, hence
it should be interpreted with caution. Second, FNB provided
higher rates of level 1 (at least 3 histological items satisfied) of
histological diagnosis according to ICDC criteria (44.2% as com-
pared to 21.9% with FNA, P<0.001). On the other hand, level 2
of ICDC histological diagnosis was obtained in additional 16.1%

and 27.1% of patients with FNB and FNA, respectively. As a con-
sequence, the contribution of FNB to the definitive diagnosis of
AIP in patients who could not be diagnosed based on pancreatic
imaging, serum IgG4, or other organ involvement was as high
as 24.3% while standard FNA supported the diagnosis of AIP
only in 14.7% of patients (P <0.001). Combined, the incremen-
tal diagnostic yield of EUS-TA in patients with AIP was 20.7%.
Third, sample adequacy was significantly superior with FNB as
compared to FNA; however, this finding should be interpreted
with caution due to the high heterogeneity observed, likely de-
termined by the different definition of “adequate samples”
considered in the included studies. Fourth, as already observed
with solid pancreatic masses [6, 7], the number of needle pas-
ses needed to obtain adequate sample was significantly lower
with FNB in comparison to standard FNA. Finally, EUS-TA is a
safe technique with only a very limited number of patients ex-

Studies Estimate (95% C.I.)  Ev/Trt

Cao 2018 0.630 (0.447, 0.812) 17/27
Ishikawa 2012 0.362 (0.224, 0.499) 17/47
Kanno 2012 0.800 (0.643, 0.957) 20/25
Kanno 2016 0.577 (0.467, 0.687) 45/78
Morishima 2016 0.620 (0.485, 0.755) 31/50
Sugimoto (I) 2020 0.727 (0,464, 0.990) 8/11
Sugimoto (II) 2020 0.130 (0.000, 0.268) 3/23
Jung 2018 0.273 (0.010, 0.536) 3/11
Mizuno (II) 2009 0.286 (0.049, 0.522) 4/14
Imai 2011 0.023 (0.000, 0.085) 0/21
Khalid 2011 0.643 (0.392, 0.894) 9/14

Overall (I2 = 94.95 %) 0.457 (0.265, 0.650) 157/321

a

Studies Estimate (95% C.I.)  Ev/Trt

Ishikawa 2012 0.432 (0.285, 0.578) 19/44
Kurita (I) 2019 0.780 (0.665, 0.895) 39/50
Kurita (II) 2019 0.451 (0.314, 0.588) 23/51
Tsutsumi 2019 0.643 (0.392, 0.894) 9/14
Zator 2018 0.793 (0.646, 0.941) 23/29
Jung 2015 0.608 (0.474, 0.742) 31/51
Mizuno (I) 2009 0.786 (0.571, 1.000) 11/14
Lee (I) 2017 0.733 (0.510, 0.957) 11/15
Lee (II) 2017 0.500 (0.349, 0.651) 21/42

Overall (I2 = 49.04%) 0.630 (0.527, 0.734) 187/310

b

0.2

0.4

0.4

0.5 0.6

0.6

0.7

Proportion

Proportion

0.8

0.8

1

0.9

0

0.3

▶ Fig. 3 Pooled analysis assessing rates of diagnostic accuracy achieved with a) fine-needle aspiration and b) fine-needle biopsy. Subgroup
analysis performed according to the needle showed a superiority of fine-needle biopsy (FNB) over fine-needle aspiration (FNA) (63%, 95% CI,
52.7% to 73.4% versus 45.7%, 26.5% to 65%; P<0.001). Of note, the high heterogeneity observed in the overall analysis was primarily observed
in studies using FNA (I2=94.95%) while only moderate heterogeneity was registered in the FNB analysis (I2=49%).
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periencing mild adverse events when used for the evaluation of
AIP.

Our findings should be considered applicable only to type 1
AIP since there were only a few subjects with type 2 AIP in the
included studies (a number that was too small to permit sub-
group analyses). In many patients with type 1 AIP there is other
supportive information (e. g., elevated serum IgG4 levels or
other organ involvement), so histologic confirmation is no uni-
versally required, but may be particularly helpful when these
features are not present. Importantly, histologic diagnosis of
type 2 AIP requires visualization of intact pancreatic ducts,
which is not always possible. Therefore, the co-occurrence of
inflammatory bowel disease and response to steroid therapy
are often required to secure the clinical diagnosis of type 2 AIP
[28].

Our study demonstrates that the diagnostic performance of
endoscopic ultrasound-guided tissue acquisition is modest in
patients with type 1 AIP, particularly as compared to solid pan-
creatic masses [6, 7], although EUS-TA (in particular EUS-FNB)
might represent an useful tool in cases where serological or
imaging characteristics are non-diagnostic. In fact, EUS-TA was
able to provide an unequivocal histological confirmation of di-
agnosis only in 31.4% of cases (44.2% with FNB and 21.9%
with FNA) classified as level 1 (high level of confirmation) ac-
cording to ICDC criteria.

Obtaining adequate samples to meet the histologic ICDC
criteria represents a real challenge for the endoscopist as these
criteria are mainly based on findings described on surgical spe-
cimens that cannot be easily obtained in even a high-quality
biopsy sample. Therefore, in light of the outstanding histologi-

cal performance of the newer generation FNB needles, our re-
sults should push the pathologists to reconsider the histologic
diagnostic criteria for AIP in order to define more feasible crite-
ria based on FNB samples [29].

There are some limitations to our study. First of all, the lim-
ited number of case-control or randomized studies does not al-
low a strong comparison between FNB, in particular newer nee-
dles, and standard FNA. This aspect requires particular caution
in interpreting our comparative findings. Second, as mentioned
above, the role of EUS-TA specifically related to AIP-2 could not
be addressed due to the lack of available studies. Therefore, our
results should be considered applicable only to AIP-1 patients.
Third, being a benign condition, AIP patients enrolled in the in-
cluded studies rarely underwent surgery, thus meaning that the
gold standard for accuracy analysis (the primary outcome in our
study) consisted mainly in the confirmation of diagnosis based
on the clinical course during the follow-up or the response to
steroid trial. However, when restricted to studies using ICDC
(the most widely accepted and rigorous) the results were un-
changed, supporting the robustness of these analyses.

Another limitation of the available literature, rather than our
analysis, is the lack of studies on the interobserver agreement
among the pathologists, an aspect that could have at least in
part influenced the final outcomes.

Conclusions
In conclusion, our meta-analysis demonstrates the diagnostic
performance of EUS-TA is modest in patients with AIP, with an
improved performance of FNB over FNA. Based on the higher

Studies Estimate (95% C.I.)  Ev/Trt

Cao 2018 0.185 (0.039, 0.332) 5/27
Imai 2011 0.023 (0.000, 0.085) 0/21
Ishikawa 2012 0.106 (0.018, 0.195) 5/47
Jung 2015 0.387 (0.266, 0.508) 24/62
Kanno 2016 0.295 (0.194, 0.396) 23/78
Kurita (I) 2019 0.260 (0.138, 0.382) 13/50
Kurita (II) 2019 0.451 (0.314, 0.588) 23/51
Lee (I) 2017 0.400  (0.152, 0.648) 6/15
Lee (II) 2017 0.119 (0.021, 0.217) 5/42
Mizuno (I) 2009 0.214 (0.000, 0.429) 3/14
Mizuno (II) 2009 0.071 (0.000, 0.206) 1/14
Morishima 2016 0.220 (0.105, 0.335) 11/50
Tsutsumi 2019 0.071 (0,000, 0.206) 1/14

Overall (I2 = 28.69 %) 0.207 (0.129, 0.285) 120/485

0.20.1 0.3 0.4
Proportion

0.5 0.60

▶ Fig. 4 Pooled analysis assessing the rate of definitive histopathology of endoscopic ultrasound-guided tissue acquisition in patients with
autoimmune pancreatitis. Overall, the rate of definitive histopathology of endoscopic ultrasound-guided tissue acquisition was 20.7%
(12.9%–28.5%). Moderate evidence of heterogeneity was observed (I2=28.6%).

E74 Facciorusso Antonio et al. Diagnostic yield of… Endoscopy International Open 2021; 09: E66–E75 | © 2021. The Author(s).

Original article



rates of optimal histological core procurement, EUS-FNB may
represent a valuable option to provide a definitive diagnosis in
those patients who could not be diagnosed solely based on ser-
ology or imaging.
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