
Introduction
Autoimmune pancreatitis (AIP) is a specific type of chronic pan-
creatitis with nonspecific clinical features such as obstructive
jaundice [1]. It is often confused with pancreatic cancer (PC)
and may lead to unnecessary surgical treatment. AIP is also of-
ten confused with other solid pancreatic masses such as chronic
pancreatitis and pancreatic neuroendocrine tumors. Although
endoscopic ultrasound (EUS)-guided tissue acquisition can

help distinguish AIP from other solid pancreatic masses, the di-
agnostic yield is not satisfactory [2].

Contrast-enhanced EUS (CE-EUS) includes contrast-en-
hanced Doppler EUS (CD-EUS) and enhanced harmonic EUS
(CEH-EUS) [3]. Doppler imaging with ultrasound contrast en-
hances the signal, resulting in a clear image of blood flow [4].
Contrast-enhanced harmonic EUS by IV infusion of ultrasound
contrast allows visualization of the vascular system of the ab-
dominal organs [5, 6, 7]. CEH-EUS allows capillary capture and
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ABSTRACT

Background and study aims To assess the diagnostic val-

ue of contrast-enhanced endoscopic ultrasound (CE-EUS)

for autoimmune pancreatitis and other solid pancreatic

masses.

Patients and methods A systematic search of PubMed,

Embase, and Web of Science was performed from inception

to October 2022.We calculated individual and pooled sen-

sitivities and specificities to determine the diagnostic abil-

ity of CE-EUS. In addition, we calculated I2 to test for hetero-

geneity and explored the source of heterogeneity by meta-

regression analysis.

Results A total of 472 patients from seven eligible studies

were included. The mean sensitivity and specificity of the

Bivariate analysis were 0.84 (95% CI 0.71–0.92) and 0.95

(95% CI 0.84–0.99), respectively. The diagnostic advantage

ratio was 107.91 (95% confidence interval [CI] 22.22–

524.13), and the area under the summary receiver operat-

ing characteristics curve was 0.91 (95% CI 0.88–0.93). The

overall heterogeneity of the studies is negligible (I2 = 0, 95%

CI 0–100). However, notable heterogeneity was observed in

the combined specificity (P <0.01, I2 = 74.82) and diagnostic

odds ratio (P=0.05, I2 =51.54). The heterogeneity in these

aspects could be elucidated through sensitivity analysis.

Conclusions Our analysis showed that CE-EUS is useful in

identifying autoimmune pancreatitis. However, further

large sample size, multicenter, prospective studies are

needed to demonstrate its utility.
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acquisition of parenchymal perfusion images and, therefore,
can be used to differentiate AIP from other solid pancreatic
masses [4]. Although a few relevant studies are available world-
wide, their sample sizes are relatively small and no definite con-
clusion is drawn. Therefore, this study systematically evaluated
the value of this technique for differential diagnosis of AIP and
other solid pancreatic masses through meta-analysis to provide
clinicians with more objective and systematic evidence-based
medical evidence.

Patients and methods
Study design

We conducted a systematic literature search in accordance with
the guidelines outlined in the PRISMA statement (Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses), pre-
ferred reporting items for systematic reviews and meta-analy-
ses. Throughout the process of study selection, we strictly ad-
hered to the PRISMA checklist.

Data sources and search strategies

This meta-analysis was registered on PROSPERO
(CRD42022373780). We use the term ("Autoimmune pancrea-
titis" OR "AIP" OR "pancreatic cancer" OR "pancreatic mass" OR
"pancreatic carcinoma" OR "pancreatic tumors ") AND ("con-
trast-enhanced" OR "echo enhanced" OR "contrast enhance-
ment") AND ("Endosonography" OR "endoscopic ultrasonogra-
phy" OR "endoscopic ultrasound" OR "EUS") as keywords. Two
authors independently and systematically searched PubMed,
Embase, and Web of Science between inception and October
2022 relevant English-language literature to assess the ability
of contrast-enhanced ultrasound endoscopy to identify AIP.

Selection criteria

Inclusion criteria: (1) CE-EUS is used for the differential diagno-
sis of AIP and other solid pancreatic masses, requiring clear
criteria for distinction; (2) The search period ends on October
2022; (3) Direct extraction of 2×2 contingency table data from
the literature or profile calculation available; (4) All lesions need
to be diagnosed pathologically and have a clinical follow-up
period of six months or more; (5) The language of the selected
literature was English; and (6) There was no duplication of data
in the selected literature. Exclusion criteria: (1) reviews, case re-
ports, book reviews, correspondence; (2) data cannot be ex-
tracted from the literature in a 2×2 contingency table; (3) du-
plicate published data; (4) cases included without pathological,
EUS-FNA or EUS-FNB confirmation; and (5) The number of cases
was less than 20.

Secondary screening of the studies was conducted inde-
pendently by two researchers and assessed jointly by a third re-
searcher in case of disagreement. We used the Quality Assess-
ment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool to as-
sess the quality of the studies [8]. The selected studies were ex-
tracted for the following characteristics: first author, year of
publication, study region, study period, study design, the total
number of patients, gender distribution, mean age, mass loca-
tion, diagnostic criteria, type of contrast agent, contrast pat-

tern, imaging pattern, gold standard, and the 2×2 contingency
table to differentiate AIP from other solid masses of the pan-
creas.

Statistical methods

We tabulated true positives, false negatives, false positives, and
true negatives (TP, FN, FP, and TN) for patients with AIP and
stratified them according to the study. Sensitivity, specificity,
positive likelihood ratio, negative likelihood ratio, diagnostic ra-
tio, and the corresponding confidence interval (CI) were calcu-
lated from these figures, while summary receiver operating
characteristics (SROC) curves were plotted. To synthesize the
data, we used a bivariate mixed-effects regression model devel-
oped by Van Houwelingen for the meta-analysis of diagnostic
tests [9, 10]. The model retains the two-dimensional nature of
the study sensitivity and specificity data [11]. Based on the bi-
variate model, the sensitivity and specificity of each study were
logit-transformed to conform to a normal distribution. Logit-
transformed sensitivities, specificities, diagnostic advantage
ratios, diagnostic scores, likelihood ratios and their standard er-
rors, 95% CIs, and estimates of study variance were obtained.

The heterogeneity of the studies was assessed using the Co-
chrane Q test and the I2 statistic and the results were visually
represented through a bivariate boxplot [12]. The I2 values,
ranging from 0% to 100%, indicate the proportion of total varia-
bility attributed to heterogeneity. Higher I2 values suggest in-
creased levels of heterogeneity, categorized into low, moder-
ate, high, and very high levels. In our report, we provided
specific I2 values along with their 95% CIs to reflect the uncer-
tainty surrounding the estimates. If heterogeneity is present in
the studies, the sources of heterogeneity will be investigated
through subgroup analysis or sensitivity analysis.

We employed the MIDAS module in STATA version 14 for bi-
variate mixed-effects meta-regression analysis and visualiza-
tion. Quality assessment was performed using Review Manager
5.4 software.

Results
Study selection and quality assessment

We initially included 2,851 articles. After initially removing du-
plicate studies, reviews, and irrelevant literature by reading the
titles and abstracts, we excluded 2836 articles. Eight studies
were excluded after a full-text review, leaving seven studies
that met the requirements for inclusion in the study. The de-
tailed selection process is shown in ▶Fig. 1 [13] and the key fea-
tures are listed in ▶Table1. Two studies used CD-EUS [14, 15]
and five studies used CEH-EUS [16, 17, 18, 19, 20]. Gold diag-
nostic criteria were based on pathology, histology, or follow-
up. According to the QUADAS-2, most studies had a low risk of
bias. However, two conference abstracts where the full 2×2
contingency table could be extracted were included. For infor-
mation not mentioned in the conference proceedings, we se-
lected the "unclear" option (▶Fig. 2).
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Diagnostic value of CE-EUS

The combined sensitivity was 0.84 (95% CI 0.71–0.92), the
combined specificity was 0.95 (95% CI 0.84–0.99) (▶Fig. 3),
and the diagnostic advantage ratio was 107.91 (95% CI 22.22–
524.13) (▶Fig. 4). The area under the subject's working charac-
teristic curve was 0.91 (95% CI 0.88–0.93) (▶Fig. 5). The posi-
tive likelihood ratio was 18.12 (95% CI 4.84–68.30) and the
negative likelihood ratio was 0.17 (95% CI 0.09–0.32) (▶Fig.
6). The Fagan plot showed a post-test probability of 95%, mean-
ing that if the CE-EUS diagnosis was positive, the patient had a
95% probability of having AIP (▶Fig. 7). The overall I2 for the bi-
variate model was 0 (Fig. S1), but there was heterogeneity in
the combined specificity (P <0.01, I2 = 74.82) and diagnostic ad-
vantage ratio (P=0.05, I2 = 51.54). The small number of studies
(<10) made it difficult to plot funnel plots and reveal publica-
tion bias [21]. However, we minimized publication bias by
searching controlled registration databases like PubMed, Em-

base, and Web of Science exhaustively with references to rele-
vant issues.

Meta-regression and sensitivity analysis

Through an analysis of the included studies, we observed that
the heterogeneity in combined specificity and diagnostic odds
ratio may arise from the types of diseases used for distinguish-
ing AIP in the studies. Consequently, we stratified the studies
into two groups: differentiation between AIP and PC and differ-
entiation between AIP and various solid pancreatic masses. To
explore other potential sources of heterogeneity, we conduct-
ed a meta-regression analysis, examining patient numbers
(>60 vs ≤60), comparison modes (harmonic vs. Doppler), ima-
ging modes (qualitative vs. quantitative), and the types of dis-
eases for differentiation (PC vs. various). The results indicated
that the number of study cases and the diseases differentiated
from AIP may be sources of heterogeneity (P <0.05) (▶Fig. 8).
However, recognizing the potential impact on result validity
from the analysis method of excluding data to reduce heteroge-
neity, which could induce selection bias, we opted to exclude
studies that differentiated AIP from various solid pancreatic
masses. The sensitivity analysis after exclusion yielded results
consistent with the primary findings, with a reduction in het-
erogeneity (▶Table2, Fig. S2, Fig. S3, Fig. S4).

Diagnostic value of CE-EUS in differentiating AIP
from PC

Drawing insights from the subgroup analysis results, we extrac-
ted data related to the differentiation between AIP and PC from
the study conducted by Yamashita et al. Subsequently, we per-
formed a bivariate mixed-effects meta-analysis, incorporating
these data with findings from other studies. This approach
aimed to explore the efficacy of contrast-enhanced endoscopic
ultrasound (CE-EUS) in distinguishing AIP from PC when consid-
ering the impact of results not influenced by differentiation of
AIP from other benign solid pancreatic masses.

The combined sensitivity was 0.84 (95% CI 0.71–0.92), the
combined specificity was 0.94 (95% CI 0.91–0.96) (Fig. S5),
and the diagnostic advantage ratio was 87.64 (95% CI 22.22–
524.13) (Fig. S6). The area under the subject's working charac-
teristic curve was 0.95 (95% CI 0.93–0.97) (Fig. S7). The posi-
tive likelihood ratio was 14.82 (95% CI 9.40–23.38), and the
negative likelihood ratio was 0.17 (95% CI 0.09–0.32) (Fig. S8).
The Fagan plot showed a post-test probability of 94%, meaning
that if the CE-EUS diagnosis was positive, the patient had a 94%
probability of having AIP (Fig. S9). The overall I2 for the bivari-
ate model was 0 (Fig. S10), but there was heterogeneity in the
diagnostic advantage ratio (P=0.06, I2 = 50.42).

Discussion
Although AIP with typical presentations such as diffuse pancre-
atic enlargement is easy to diagnose on computed tomography
or magnetic resonance imaging, the differentiation of focal AIP
(f-AIP) from other solid pancreatic masses has always been a
challenge. However, differential diagnosis of AIP from other so-
lid pancreatic masses, especially PC, is essential. The risk of

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

In
cl

ud
ed

Records identified from: 
Databases (n = 3)
Registers (n = 1)

Identifiction of studies via databases and registers

Records screened (n = 1987)

Reports sought for retrieval (n = 15)

Reports assessed for eligibility (n = 15)

Studies included in review (n = 7)

Records removed before screening:
▪ Duplicate records removed (n = 864)
▪ Records marked as ineligible by 
 automation tools (n = 0
▪ Records removed for other reasons 
 (n = 0)

Records excluded (n = 1972)
▪ 1. 358 of records are reviews, case 
 reports, meeting abstracts, 
 correspondence and guides 
▪ 3. 1690 of records are unrelated 
 articles

Records excluded:
▪ 1. 5 reports could not extract the full
 four-cell table 
▪ 2. 3 reports did not have sufficient 
 data

Reports not retrieved (n = 0)

▶ Fig. 1 PRISMA literature selection flowchart.

E1136 Zhu Shanshan et al. Contrast-enhanced endoscopic ultrasound… Endosc Int Open 2024; 12: E1134–E1142 | © 2024. The Author(s).

Original article



▶
Ta

b
le
1

C
h
ar
ac

te
ri
st
ic
s
o
fs
el
ec

te
d
st
u
d
ie
s.

A
u
th

o
r/
ye

ar
/

co
u
n
tr
y

P
er
io
d
/d
e-

si
g
n

TP
FP

FN
TN

N
o
.p

a-

ti
en

ts

Se
x
(M

/F
)

A
g
e

(m
ea

n
,

ye
ar
)

Lo
ca

ti
o
n

(h
ea

d
/

b
o
d
y-
ta
il
)

D
ia
g
n
o
st
ic

st
an

d
ar
d

C
o
n
tr
as

t

ag
en

t

C
o
n
tr
as

t

m
o
d
e

Im
ag

in
g

m
o
d
e

G
o
ld
-

st
an

d
ar
d

C
h
o

2
01

8
K
or
ea

[1
6
]

2
0
14

–
2
0
15

Pr
o
sp

ec
-

ti
ve

20
3

7
5
0

8
0

46
/3
4

6
0

4
0/
40

H
yp

er
-t
o
is
o
-

en
ha

nc
em

en
t

w
it
h
o
ut

ir
re
g
-

u
la
ri
n
te
rn
al

ve
ss
el
s

So
n
o
-

V
u
e

H
ar
-

m
o
ni
c

Q
u
al
it
a-

ti
ve

IC
D
C

D
o
ng

2
01

8
C
h
in
a
[1
7
]

N
A

R
et
ro
-

sp
ec

ti
ve

1
0

0
0

1
6

2
6

N
A

5
7
.5

N
A

H
yp

er
en

-
h
an

ce
m
en

t
in

th
e
A
rt
er
ia
l

p
ha

se

So
n
o
-

V
u
e

H
ar
-

m
o
ni
c

Q
u
al
it
a-

ti
ve

H
is
to
l-

og
y

H
o
ck
e

2
01

1
G
er
m
an

y
[1
4
]

N
A

R
et
ro
-

sp
ec

ti
ve

9
10

1
1
1
1

1
3
1

12
7
/7
7

6
2.
1

N
A

N
et
-l
ik
e
hy

-
p
er
va

sc
ul
ar
i-

za
ti
o
n
p
at
te
rn

So
n
o
-

V
u
e

B
ic
o
lo
r

D
o
p
-

p
le
r

Q
u
al
it
a-

ti
ve

H
is
to
l-

og
y

or
cy

-
to
lo
g
y

Im
az
u

2
01

2
Ja
p
an

[1
8
]

2
0
09

–
2
0
10

R
et
ro
-

sp
ec

ti
ve

8
0

0
2
2

3
0

22
/8

6
6.
9

2
1/
9

M
ax

im
u
m

in
-

te
n
si
ty

g
ai
n

cu
t-
o
ff
=
1
2
.5

So
n
a-

zo
id

H
ar
-

m
o
ni
c

Q
u
an

ti
-

ta
ti
ve

JP
S

Is
h
ik
aw

a
2
00

9
Ja
p
an

[1
9
]

2
0
03

–
2
0
08

R
et
ro
-

sp
ec

ti
ve

12
0

4
2
0

3
6

N
A

N
A

N
A

Eq
u
al
en

-
h
an

ce
m
en

t
ef
-

fe
ct

co
n
ti
nu

ed
fo
r5

m
in
ut
es

So
n
a-

zo
id

H
ar
-

m
o
ni
c

Q
u
an

ti
-

ta
ti
ve

JP
S

K
ob

ay
as
h
i

2
01

4
Ja
p
an

[1
5
]

N
A

9
0

2
1
1

2
2

N
A

N
A

N
A

D
en

d
ri
ti
c
va

s-
cu

la
rp

at
te
rn

in
th
e
Ef
lo
w

co
lo
rm

o
d
e

So
n
a-

zo
id

C
o
lo
r

D
o
p
-

p
le
r

Q
u
an

ti
-

ta
ti
ve

Se
ro
lo
-

g
y

Ya
m
as
h
it
a

2
01

5
Ja
p
an

[2
0
]

2
0
09

–
2
0
13

R
et
ro
-

sp
ec

ti
ve

8
21

1
1
1
8

1
4
7

92
/5
5

6
9

N
A

Is
ov

as
cu

la
r

p
at
te
rn

in
la
te
-p
h
as
e
im

-
ag

e

So
n
a-

zo
id

H
ar
-

m
o
ni
c

Q
u
an

ti
-

ta
ti
ve

IC
D
C

D
ia
g
no

st
ic

st
an

da
rd
:T

ho
se

m
ee

ti
ng

th
e
d
ia
g
n
os

ti
c
cr
it
er
ia

ar
e
id
en

ti
fi
ed

as
A
IP
,w

hi
le

th
os

e
no

t
m
ee

ti
n
g
th
e
cr
it
er
ia

ar
e
co

n
si
d
er
ed

as
ha

vi
n
g
ot
he

r
d
is
ea

se
s.

TP
,t
ru
e
p
o
si
ti
ve

;F
P,

fa
ls
e
p
o
si
ti
ve

;F
N
,f
al
se

ne
ga

ti
ve

;T
N
,t
ru
e
ne

ga
ti
ve

;I
C
D
C
,I
nt
er
n
at
io
na

lC
o
ns

en
su

s
D
ia
g
no

st
ic

C
ri
te
ri
a;

JP
S,

Ja
p
an

Pa
n
cr
ea

s
So

ci
et
y.

Zhu Shanshan et al. Contrast-enhanced endoscopic ultrasound… Endosc Int Open 2024; 12: E1134–E1142 | © 2024. The Author(s). E1137



Risk of bias
0 % 25 % 50 % 75 % 100 %

Patient selection
Index test

Reference standard
Flow and timing

Applicability Concerns
0 % 25 % 50 % 75 % 100 %

High
Unclear
Low

▶ Fig. 2 Quality assessment of included studies according to Diagnostic Accuracy Study Quality Assessment Criteria-2. Red indicates high risk of
bias, yellow indicates unclear risk of bias, and green indicates low risk of bias.

Study Id Sensitivity (95 % CI)

Yamashita 0.89 [0.52 – 1.00]

Kobayashi 0.82 [0.48 – 0.98]

Ishikawa 0.75 [0.48 – 0.93]

Imazu 1.00 [0.63 – 1.00]

Hocke 0.90 [0.55 – 1.00]

Dong 1.00 [0.69 – 1.00]

Cho 0.74 [0.54 – 0.89

Combined 0.84 [0.71 – 0.92]

 Q = 7.48, df = 6.00, P = 0.28

 I2 = 19.74 [0.00 – 82.63]

Study Id Specifi city (95 % CI)

Yamashita 0.85 [0.78 – 0.90]

Kobayashi 1.00 [0.72 – 1.00]

Ishikawa 1.00 [0.83 – 1.00]

Imazu 1.00 [0.85 – 1.00]

Hocke 0.92 [0.85 – 0.96]

Dong 1.00 [0.79 – 1.00]

Cho 0.94 [0.84 – 0.99

Combined 0.95 [0.84 – 0.99]

 Q = 23.82, df = 6.00, P = 0.00

 I2 = 74.82 [55.84 – 93.80]
0.5 0.71.0 1.0

Senstivity Specifi city

▶ Fig. 3 Forest plot of pooled sensitivity and specificity for the diagnosis of AIP. It shows sensitivity with low heterogeneity between the com-
bined measurements (I2 = 19.74) and specificity with high heterogeneity between the combined measurements (I2 >50%).

Study Id Diagnostic score (95 % CI)

Yamashita 3.81 [0.92 – 3.81]

Kobayashi 4.47 [0.72 – 4.47]

Ishikawa 4.74 [0.95 – 4.74]

Imazu 6.64 [1.46 – 3.64]

Hocke 4.60 [1.34 – 4.60]

Dong 6.54 [1.40 – 6.54]

Cho 3.86 [1.33 – 3.86]

Combined 4.68 [3.10 – 6.26]

 Q = 3.24, df = 6.00, P = 0.78

 I2 = 0.00 [0.00 – 100.00]

Study Id Odds ratio (95 % CI)

Yamashita 44.95 [5.34 – 378.29]

Kobayashi 87.40 [3.72 – 1000.00]

Ishikawa 113.89 [5.64 – 1000.00]

Imazu 765.00 [14.03 – 1000.00]

Hocke 99.90 [11.46 – 870.55]

Dong 693.00 [12.75 – 1000.00]

Cho 47.62 [11.19 – 202.70]

Combined 107.91 [22.22 – 524.13]

 Q = 12.38, df = 6.00, P = 0.05

 I2 = 51.54 [10.08 – 93.00]
0.5 46.6 1000

Diagnostic score Odds ratio

▶ Fig. 4 Forest plot of CE-EUS diagnostic advantage ratio and diagnostic score. Shows diagnostic scores for no heterogeneity (I2 = 0) and diag-
nostic dominance ratios for high heterogeneity (I2 >50%).
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pancreatic surgery is high, yet the proportion of patients with
AIP diagnosed as cancer and operated on for the wrong treat-
ment is as high as 3% to 5% [22, 23, 24, 25, 26]. EUS-guided
fine-needle aspiration (EUS-FNA) is often used to confirm the
diagnosis and exclude PC, but its diagnostic effect on AIP is in-
adequate [27]. In a previous meta-analysis, the overall diagnos-
tic accuracy of EUS tissue collection (EUS-TA) was 54.7% and
EUS-guided needle aspiration biopsy (EUS-FNB) was superior
to EUS-FNA (63% and 45.7% respectively), but the diagnostic
results were still unsatisfactory [2]. Moreover, EUS-TA is inva-

sive and may have sequelae such as bleeding, mild pancreatitis,
and abdominal pain [28]. We searched for alternative ways to
differentially diagnose AIP and found CE-EUS to be highly diag-
nostic and a noninvasive test. Therefore, in this study, we col-
lected clinical evidence on the differential diagnosis of AIP and
investigated the usefulness of CE-EUS as an effective tool for
differential diagnosis of AIP and to avoid unnecessary treat-
ment of AIP.

CE-EUS is a new EUS technique based on EUS combined with
contrast-enhanced techniques to show pancreatic parenchymal
perfusion and microvasculature, which is significant for differ-
ential diagnosis of digestive diseases [5]. Sonazoid and Sono-
Vue are commonly used as second-generation contrast agents.
Sonazoid is well suited as a contrast agent for ultrasound medi-
cal imaging and was previously used for radiofrequency abla-
tion of hepatocellular carcinoma [29, 30] and SonoVue is also
highly used. Doppler imaging with ultrasound contrast agents
can enhance the signal to produce clear blood flow images.
eFLOW mode of Aloka-α10, H-FLOW of Olympus ME2 and F-
FLOW of Fujifilm also suppress artifacts and produce clearer
blood flow images, making them suitable for contrast-en-
hanced color Doppler EUS (CC-EUS) [4]. CEH-EUS, performed
by intravenous (IV) infusion of ultrasound contrast, allows vi-
sualization of the vascular system of abdominal organs [5, 6,
7]. Use of CE-EUS for scanning has more advantages over con-
ventional imaging. Firstly, it helps to avoid interference of ab-
dominal fat with other organs in the abdominal cavity. And the
probe is closer to the pancreas, allowing clear visualization of
pancreatic masses <2 cm in diameter. In addition, CE-EUS is a
relatively noninvasive test that avoids adverse events such as
bleeding, infection, mild pancreatitis, and needle tract metas-
tasis of cancerous foci caused by EUS-TA, and is not limited in
cases where the patient has coagulation disorders or the mass
is deep.
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▶ Fig. 5 The SROC curve used for the diagnostic accuracy of the CE-
EUS. The AUC (area under curve) was 0.91.
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Combined 18.12 [4.81 – 68.30]

 Q = 14.77, df = 6.00, P = 0.02
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▶ Fig. 6 Forest plot of positive and negative likelihood ratios for CE-EUS.Heterogeneity is low in both scenarios (I2 = 25.52 and I2 = 7.42).
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In different pathological situations, CE-EUS can identify the
nature of pancreatic masses based on differences in the density
and distribution of microvessels. In dual-screen Doppler-en-
hanced contrast mode, AIP shows an increased net-like hyper-
vascularization pattern compared to the normal tissue sur-
rounding the pancreas, whereas PC has a reduced blood supply
compared to the surrounding tissue [14]. In the Eflow mode of
CD-EUS, AIP shows a dendritic vascular pattern, distinguishing
it from PC [15]. In the CEH-EUS mode, AIP shows microvascular

imaging of the tumor in the vascular phase with contrast injec-
tion and uniform staining in the perfusion phase, with slower
decay in the later phase. In PC, curved tumor vessels are seen
in the marginal areas of the tumor during the vascular phase,
and only faint and uneven staining is seen in the marginal areas
during the reperfusion phase, with a rapid decay in the later
stages. In pancreatic endocrine tumors, the lesions stain rapidly
and intensely after contrast injection, with EI lasting relatively
longer in the vasculature compared to the reperfusion phase.
However, the presentation of mass-forming pancreatitis is sim-
ilar to AIP, which is also a reason for the decreased discrimina-
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▶ Fig. 8 Meta-regression analysis of potential sources of heteroge-
neity.

Likelihood ratio

Prior prob (%) = 50
LR_positive = 18
Post_prob_pos (%) = 95
LR_negative = 0.17
Post_prob_neg (%) = 14

Pr
e-

te
st

 p
ro

ba
bi

lit
y,

 %

Po
st

-t
es

t p
ro

ba
bi

lit
y,

 %

0.1

0.2
0.3
0.5
0.7

1

2
3
5
7

10

20
30
40
50
60
70
80

90
93
95
97
98

99
99.3
99.5
99.7
99.8

99.9

99.9

99.8
99.7
99.5
99.3
99

98
97
95
93
90

80
70
60
50
40
30
20

10
7
5
3
2

1
0.7
0.5
0.3
0.2

0.1

1000
500
200
100
50
20
10
5
2
1
0.5
0.2
0.1
0.05
0.02
0.01
0.005
0.002
0.001

▶ Fig. 7 Fagan diagram for diagnosing AIP by CE-EUS.

▶Table 2 Subgroup analysis after exclusion of outliers.

Pooled results Pooled value (95%CI) P value I2(%)

Sensitivity 0.84 (0.71–0.91) 0.24 26.59

Specificity 0.97 (0.80–1.00) 0.19 33.39

Positive likelihood ratio 25.42 (3.67–176.23) 0.55 0

Negative likelihood ratio 0.17 (0.09–0.32) 0.32 14.10

Diagnostic Odds Ration 150.61 (15.58–1455.62) 0.04 57.32

CI, confidence interval; I2, heterogeneity.
I2 >50% is considered to be significant as heterogeneity.
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tory ability of CE-EUS. Few studies used CE-EUS to differentially
diagnose AIP from other solid tumors of the pancreas, and the
quality of the studies is variable. Therefore, this study used
meta-analysis to evaluate the use of CE-EUS in pancreatic le-
sions systematically.

This meta-analysis showed that the combined sensitivity,
specificity, positive likelihood ratio, negative likelihood ratio,
and diagnostic ratio for the differential diagnosis of AIP and
other solid pancreatic masses using CE-EUS were 0.84 (95% CI
0.71–0.92), 0.95 (95% CI 0.84–0.99), 18.12 (95% CI 4.84–
68.30), 0.17 (95% CI 0.09–0.32), and 107.91 (95% CI 22.22–
524.13). The area under SROC was 0.91 (95% CI 0.88–0.93).
The high sensitivity and specificity indicate that CE-EUS has sig-
nificant discriminative diagnostic value. These data suggest
that the reliability of CE-EUS is markedly higher than that of
EUS-TA. Subsequently, we explored the ability of CE-EUS to dif-
ferentiate between AIP and PC, revealing an SROC AUC as high
as 0.95 (95% CI 0.93–0.97). This indicates that CE-EUS has high
diagnostic value, especially in excluding malignant diseases. In
a previous meta-analysis on the differential diagnosis of CE-EUS
in PC, we learned that the combination of CH-EUS and EUS-FNA
increased the sensitivity of EUS for pancreatic cancer from 92%
to 100%. Therefore, we conjecture that CE-EUS has a comple-
mentary role to EUS-TA in differential diagnosis of AIP and may
help to exclude malignant diseases such as PC [31].

To the best of our knowledge, there were no meta-analyses
on the same topic that we could consult to explore whether the
findings were consistent. It may be related to the fact that few
relevant studies used CE-EUS to identify AIP. Therefore, during
the search process, we had to reduce the precision of the search
terms to improve the search scope. However, the results were
not satisfactory. We found 15 articles with relevant studies,
but unfortunately, only six articles were full papers and the
rest were conference abstracts. Therefore, we selected two of
the seven conference abstracts for inclusion in the study where
the full 2×2 contingency table could be extracted.

This study has several limitations. First, items that were un-
clear in the quality assessment may not match the facts be-
cause complete information for the two conference abstracts
was not available at the time of quality assessment. Second,
significant heterogeneity in specificity and diagnostic advan-
tage ratios may affect interpretation of the data and conclu-
sions. Even after employing subgroup analysis, there remains a
noticeable heterogeneity in the diagnostic odds ratio. However,
given the limited number of studies included in our analysis, a
slightly elevated I2 is deemed acceptable. Again, the included
studies used multiple CE-EUS diagnostic criteria, which may
have biased our conclusions somewhat. In addition, the small
number of studies (<10) made it hard to draw funnel plots and
detect publication bias. Finally, our analysis only included stud-
ies published in English literature, which may limit our findings.

Conclusions
In conclusion, CE-EUS, and in particular, CEH-EUS is a promising
tool for differential diagnosis of AIP. More multicenter prospec-
tive clinical trials are needed to demonstrate its validity.
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