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Abstract
Background and Aim Endoscopic ultrasound-guided through-the-needle biopsy (EUS-TTNB) has been used over the past 
few years to increase diagnostic accuracy for pancreatic cystic lesions (PCLs). However, many concerns remain regarding 
its widespread use. This systematic review and meta-analysis aimed to pool the data from high-quality studies to evaluate 
the utility of EUS-TTNB in diagnosing PCLs.
Methods Electronic databases (PubMed, Embase, and Cochrane Library) from January 2010 through October 2022 were 
searched for publications addressing the diagnostic performance of EUS-TTNB in the diagnosis of pancreatic cystic lesions. 
Pooled proportions were calculated using fixed (inverse variance) and random-effects (DerSimonian-Laird) models.
Results The initial search identified 635 studies, of which 35 relevant articles were reviewed. We extracted data from 11 
studies that met the inclusion criterion, comprising a total of 575 patients. Mean patient age was 62.25 years ± 6.12 with 
females constituting 61.39% of the study population. Pooled sensitivity of EUS-TTNB in differentiating a PCL as neoplastic 
or non-neoplastic was 76.60% (95% CI = 72.60–80. 30). For the same indication, EUS TTNB had a pooled specificity of 
98.90% (95% CI = 93.80–100.00). The positive likelihood ratio was 10.28 (95% CI = 4.77–22.15), and the negative likelihood 
ratio was 0.26 (95% CI = 0.22–0.31). The pooled diagnostic odds ratio for EUS-TTNB in diagnosing PCLs as malignant/pre-
malignant vs. non-malignant was 41.34 (95% CI = 17.42–98.08). Pooled adverse event rates were 3.04% (95% CI = 1.83–4.54) 
for pancreatitis, 4.02% (95% CI = 2.61–5.72) for intra-cystic bleeding, 0.94% (95% CI = 0.33–1.86) for fever, and 1.73% (95% 
CI = 0.85–2.91) for other minor events.
Conclusions EUS-TTNB has good sensitivity with excellent specificity in accurately classifying PCLs as neoplastic or non-
neoplastic. Adding EUS-TTNB to EUS-FNA increases the accuracy of EUS-guided approach in diagnosing PCLs. However, 
it could significantly increase the risk of post-procedural pancreatitis.

Keywords Endoscopic ultrasound · Through-the-needle biopsy · EUS-TTNB · Pancreatic cystic lesion(s) · Cystic 
pancreatic lesion(s) · PCLs

Introduction

Pancreatic cystic lesions (PCLs) are being discovered with 
increasing frequency with the growing availability and use 
of cross-sectional imaging [1]. These are known precur-
sors of pancreatic adenocarcinomas; however, most are non-
neoplastic. Neoplastic PCLs include intraductal papillary 
mucinous neoplasms (IPMN), mucinous cystic neoplasms 

(MCN), and certain pancreatic tumors with cystic compo-
nents like solid-pseudopapillary neoplasms, cystic neu-
roendocrine tumors, and cystic degeneration of pancreatic 
adenocarcinomas [2]. Although neoplastic, serous cystad-
enoma (SCN) has an extremely low malignant potential 
and can be considered benign. In their retrospective cohort 
study of the Veterans Administration database, Munigala 
et al. estimated the risk of overall malignant transformation 
of incidentally discovered pancreatic cysts (after excluding 
potential benign PCLs like pseudocysts and inflammatory 
fluid collections) over a 5- to 10-year follow-up to be about 
5 to 8% [3]. The overall risk of malignancy in a patient who 
undergoes surgery for a pancreatic cyst has been estimated 
to be approximately 15% [4].
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The risk for malignant transformation varies in neoplas-
tic PCLs depending on their type and characteristics. Less 
than 0.4% of MCNs smaller than 3 cm without a nodule 
harbor high-grade dysplasia or invasive cancer [5]. A recent 
retrospective study of a prospectively maintained database 
of individuals with branch duct IPMNs (BD-IPMNs) found 
that the risk of malignant transformation in small (< 15 mm)  
presumed or suspected IPMNs over a median follow-up of 
58 months was 1.7% [6]. However, larger BD-IPMNs can 
have a higher risk of malignant transformation, with reported 
malignant rates ranging between 3 and 26% [4, 7]. Main duct 
IPMNs have the greatest risk of malignant transformation 
[7]. Size > 3 cm, dilated main pancreatic duct, presence of  
solid components on imaging, and a growth rate ≥ 2.5 mm 
per year have been recognized as the features most predictive 
of malignancy [4]. Given the potential for malignancy, PCLs 
are a frequent cause of anxiety for patients, their caregiv-
ers, and healthcare providers. An accurate diagnosis of a 
malignant lesion or one with potential for malignant trans-
formation is of utmost importance given that most pancreatic 
cancers are invariably fatal with the lowest 5-year survival 
rate compared to any cancer [8, 9]. Only about 10 to 15% of 
patients are candidates for curative resection; hence, early 
diagnosis is critical [9, 10]. Conversely, the failure to rec-
ognize a benign lesion can result in significant morbidity, 
lowered quality of life, and increased healthcare costs associ-
ated with major surgeries and surveillance that may not be 
warranted. Multiple diagnostic modalities have been used, 
with varying and often less-than-ideal performance. These 
include MRI and EUS morphology, cyst fluid aspiration with 
fluid analysis (glucose, tumor markers, cytology, cyst fluid 
DNA, and molecular analysis), real-time in vivo microscopic 
imaging using needle-based confocal laser endomicroscopy 
(nCLE), and ERCP [2]. Currently, available guidelines rec-
ommend fine-needle aspiration with fluid analysis as the pre-
ferred initial diagnostic procedure [2, 7, 11–14]. However, 
there is wide variability in its reported accuracy, and it is 
often unsatisfactory [4]. EUS-TTNB has been a relatively 
recent addition to an endoscopist’s armamentarium. The 
process involves obtaining a histological sample from the 
cyst wall, septations, or mural nodules using a microforceps 
passed through the FNA needle under EUS guidance [15]. 
Multiple studies have reported improved diagnostic accu-
racy with TTNB in diagnosing PCLs [16–32]. However, this 
enhanced diagnostic accuracy can come with an increased 
risk of complications like acute pancreatitis. In addition, 
for surgically operable PCLs with high-risk features, it is 
unlikely that a negative result on EUS-TTNB will alter the 
management.

This study aimed to analyze the results of high-quality 
studies evaluating the diagnostic accuracy of EUS-TTNB 
in diagnosing PCLs and calculating the pooled sensitivity, 
specificity, and positive and negative likelihood ratios. The 

other outcomes evaluated were the technical success rate, 
feasibility, and adverse-event rate.

Methods

Search Methodology

A literature search was conducted using the electronic data-
base engines MEDLINE through PubMed, Ovid, Cochrane 
Library (Cochrane Central Register of Controlled Trials 
and Cochrane Database of Meta-Analysis), EMBASE, 
ACP Journal Club, and Database of Abstracts of Reviews 
of Effects (DARE) according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines from January 2010 through October 2022 to iden-
tify studies addressing the diagnostic performance of EUS-
TTNB in the diagnosis of PCLs.

Study Eligibility

Published studies were eligible if they reported using a 
EUS-guided through-the-needle micro-forceps in diagnosing 
PCLs. Articles were excluded if they were not in the English 
language. Animal model studies, editorials, abstracts with 
incomplete data, and comments were excluded. Case reports, 
reviews, and prospective and retrospective studies with less 
than 25 patients were also excluded. Eleven studies matched 
the study criterion, and two authors reviewed full-text arti-
cles independently (HG, SP). The agreement was evaluated 
using Cohen’s κ.

Data Extraction and Quality Assessment

The following data were independently abstracted by two 
authors (HG, SP) into a standardized form: study charac-
teristics (primary author, period of study, year of publica-
tion, and country of the population studied), study design, 
baseline characteristics of the study population (number of 
patients enrolled and participant demographics), and inter-
vention details (number of forceps passes, technical success, 
use of prophylactic antibiotics, and adverse events). The 
quality of included studies was assessed using a modified 
version of the Newcastle–Ottawa scale based on three broad 
components. Quality was graded as high if the total score 
was ≥ 7 from a maximum possible score of 8. All included 
studies were of high quality. Discrepancies were resolved by 
discussion and review.

Outcomes Evaluated

Primary outcomes evaluated were pooled sensitivity, speci-
ficity, and positive and negative predictive value of EUS 
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TTNB in diagnosing pancreatic cysts as neoplastic or non-
neoplastic. A combination of surgical pathology, when 
available, and clinical outcomes on long-term follow-up 
were used as the criterion to define PCLs as malignant/pre-
malignant or non-malignant. The secondary outcomes evalu-
ated were technical success, tissue acquisition failure, and 
adverse-event rates. Technical success was defined when the 
FNA needle followed by through-the-needle microforceps 
could be successfully passed into the pancreatic cyst under 
ultrasound guidance and aspiration followed by biopsy bites 
could be performed. Tissue acquisition failure was defined 
as cases where an adequate sample to perform the intended 
histopathological analysis was not obtained.

Statistical Analysis

This meta-analysis evaluating the diagnostic accuracy of 
EUS-TTNB in diagnosing PCLs was performed by cal-
culating pooled estimates of sensitivity, specificity, like-
lihood ratios, and diagnostic odds ratio. Individual study 
proportions were transformed into a quantity using the 
Freeman-Turkey variant of the arcsine square-root trans-
formed proportion. The pooled proportion is calculated as 
the back-transform of the weighted mean of the transformed 
proportions, using inverse arcsine variance weights for the 
fixed effects model and DerSimonian-Laird method for the 
random-effects model. Forest plots were drawn to show the 

point estimates in each study in relation to the summary of 
pooled estimate. The width of point estimates in the forest 
plots indicates the assigned weight to that study. The het-
erogeneity of the sensitivities and specificities was tested 
by applying the chi-squared test. The heterogeneity of likeli-
hood ratios and diagnostic odds ratios was tested using the 
Cochran Q test based on inverse variance weights. Summary 
receiver operating characteristic curves (SROC) were also 
used to test the heterogeneity among studies. The effects 
of publication and selection bias on the summary estimates 
were tested by the Egger bias indicator and Begg-Mazumdar 
bias indicator. Funnel plots were constructed to assess poten-
tial publication bias using the standard error and diagnostic 
odds ratio. Statistical analysis was performed using the soft-
ware Microsoft Excel 19.

Results

The initial search identified 635 studies, of which 35 
relevant articles were reviewed. We extracted data from 
11 studies that met the inclusion criterion, comprising a 
total of 575 patients. Of these 575 patients, 108 under-
went surgical resection and had pathology results avail-
able. Table 1 shows the studies included in this meta-
analysis. Table 2 shows the classification on PCLs into 
neoplastic, non-neoplastic, pre-malignant/malignant, 

Table 1  Characteristics of studies included in this meta-analysis

Author (year) Study design Patients (n) Females (%) Cyst size 
(mm) ± SD

Microforceps 
used

Technical 
success

Clinical 
success

Surgical 
pathology 
available (n)

Mittal et al. [26] Single center 
retrospective

27 59.25 37.80 ± 16.90 Moray 27 24 4

Kovacevic et al. 
[24]

Multicenter 
retrospective

28 53.57 30.00 ± 6.37 Moray 24 23 5

Yang et al. [30] Multicenter 
retrospective

47 55.31 30.80 ± 24.60 Moray 46 40 8

Zhang et al. [32] Single center 
retrospective

48 52.08 31.00 ± 1.10 Moray 48 36 10

Barresi et al. [17] Multicenter 
retrospective

56 69.64 38.60 ± 9.75 Moray 56 47 15

Cheesman et al. 
[19]

Single center 
retrospective

44 63.63 33.50 ± 18.50 Moray 44 33 6

Hashimoto et al. 
[23]

Single center 
retrospective

56 53.57 28.80 ± 18.25 Moray 56 45 4

Crinò et al. [21] Single center 
retrospective

61 77.04 40.70 ± 14.20 Moray 61 51 20

Yang et al. [31] Multicenter 
prospective

114 56.14 35.10 ± 25.20 Moray 111 95 23

Stigliano et al. 
[27]

Single center 
retrospective

49 75.51 38.00 ± 16.00 Moray and 
MicroBite

49 33 4

Cho et al. [20] Single center 
prospective

45 57.77 45.08 ± 1.97 Moray 45 37 9
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and non-malignant. The agreement between reviewers 
was 1.0, as measured by Cohen’s κ. Preferred Report-
ing Items for Systematic reviews and Meta-Analysis 
(PRISMA) describing the review process are shown in 
Fig.  1. Mean patient age was 62.25 years ± 6.12 with 

females constituting 61.39% of the study population. The 
mean cyst size was 35.51 mm ± 4.85 with 38.68% (95% 
CI = 34.76–42.68) of PCLs located in the head or uncinate 
process and 61.31% (95% CI = 57.31–65.23) located in 
the body or tail of the pancreas.

Table 2  Classification of PCLs 
as neoplastic, non-neoplastic, 
malignant, pre-malignant, or 
non-malignant

Neoplastic PCLs Non-neoplastic PCLs

Intraductal papillary mucinous neoplasms (IPMN)
Mucinous cystic neoplasms (MCN)
Serous cystadenoma (SCN)
Pancreatic tumors with cystic components
- Solid-pseudopapillary neoplasms
- Cystic neuroendocrine tumors
- Cystic degeneration of pancreatic adenocarcinomas

Pseudocysts
Inflammatory cysts

Malignant/pre-malignant
Pancreatic tumors with cystic components
- Solid-pseudopapillary neoplasms
- Cystic neuroendocrine tumors
- Cystic degeneration of pancreatic adenocarcinomas
IPMN, MCN, SCN with pathology showing high-

grade dysplasia
Diagnosis of malignancy on clinical follow-up in a 

cyst previously classified as non-malignant

Non-malignant
Any non-neoplastic PCL and those neoplastic 

PCLs not meeting definition of malignant or 
premalignant

Fig. 1  Flow chart showing 
the review process following 
PRISMA guidelines
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The pooled sensitivity and specificity of EUS-TTNB 
in diagnosing a PCL as neoplastic or non-neoplastic 
were 76.60% (95% CI = 72.60–80.30) and 98.90% (95% 
CI = 93.80–100.00), respectively. Figure 2 shows the pooled 
sensitivity, and Fig. 3 shows the pooled specificity. The het-
erogeneity of the sensitivities and specificities using the chi-
squared test was calculated as 9.62, p-value = 0.47, indicat-
ing no heterogeneity. Inconsistency calculated using I [2] 
test was 0. The positive and negative likelihood ratios were 
10.28 (95% CI = 4.77–22.15) and 0.26 (95% CI = 0.22–0.31), 
respectively. The pooled diagnostic odds ratio for EUS-
TTNB in diagnosing PCLs as malignant/pre-malignant 
vs. non-malignant was 41.34 (95% CI = 17.42–98.08). The 
summary receiver operating characteristics curve showed 
an area under the curve of 0.88. Figure 4 shows the SROC 
plot. The pooled technical success rate of EUS-TTNB was 
98.65% (95% CI = 97.55–99.42), while the pooled clinical 
success rate was 80.35% (95% CI = 77.03–83.48). Forest 
plot showing the pooled clinical success is shown in Fig. 5. 

Funnel plot showing no publication bias is shown in Fig. 6. 
The tissue acquisition failure rate of EUS-TTNB, despite 
the technical success, was 17.02% (95% CI = 14.08–20.19). 
The pooled mean number of microforceps passes was 3.22 
(95% CI = 2.99–3.45). Pooled adverse event rates were 
3.04% (95% CI = 1.83–4.54) for pancreatitis, 4.02% (95% 
CI = 2.61–5.72) for intra-cystic bleeding, 0.94% (95% 
CI = 0.33–1.86) for fever, and 1.73% (95% CI = 0.85–2.91) 
for other minor events. There was no publication bias cal-
culated using the Egger or Begg-Mazumdar bias indicators.

Discussion

PCLs continue to pose a diagnostic and therapeutic chal-
lenge despite advancements in imaging, endoscopic, and 
genetic investigative modalities [1]. With an increasing 
incidence of PCLs, mostly from improved quality and grow-
ing use of cross-sectional imaging, the need to define these 

Fig. 2  Forest plot showing the 
individual and pooled sensi-
tivity of EUS-TTNB in the diag-
nosis of PCLs

Fig. 3  Forest plot showing the 
individual and pooled specific-
ity of EUS-TTNB in the diagno-
sis of PCLs
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lesions is a mounting pressure on the medical community 
given the malignant potential, although a vast majority are 
benign. The perils of misdiagnosing a potentially malignant 
lesion are apparent, but considering the significant direct 
financial burden and potential adverse patient outcomes 
associated with unwarranted monitoring is equally impor-
tant. It is vital to consider the indirect cost of lost productiv-
ity and the emotional cost of living with a constant threat of 
possible underlying malignancy. EUS-TTNB was introduced 
to the endoscopist’s armamentarium to tackle the varied 
and often low sensitivity and specificity of other diagnostic 
modalities. In keeping with the oncologic principles of diag-
nosing any suspected malignant lesion, obtaining a tissue 
sample for histopathological analysis is the gold standard. Of 
all the non-surgical methods in evaluating PCLs, only cyst 
fluid cytology and EUS-TTNB can offer tissue samples for 
analysis. However, cyst fluid cytology is often limited by the 
inadequacy of cellular yield [33]. Initial studies evaluating 
the performance of modified biopsy needles in obtaining 

histological samples from the cyst wall were disappointing, 
especially in cystic lesions without a solid component [34, 
35]. Previous studies have evaluated the performance of 
EUS-TTNB in diagnosing PCLs since the first pilot study 
by Aparicio et al. [36] in 2010 and the first more extensive 
case series by Mittal et al. in 2017 [26]. However, wider 
adoption of this technique is still lagging, and the multiple 
guidelines are yet to endorse this modality fully.

We thoroughly analyzed high-quality, comparable stud-
ies, and the data from each selected study was reviewed 
independently by two reviewers to ensure accuracy. A par-
ticular strength of this study was that comparison of the data 
from two reviewers showed excellent agreement. Of the 11 
studies, nine were retrospective, and two were prospec-
tive. All the studies reported using the microforces, Moray 
[Moray™, US Endoscopy, Mentor, OH, USA], except the 
study by Stigliano et al. [27] where both Moray and Micro-
bite [Micro Bite, MTW Endoskopie Manufakture] were 
used. The location of pancreatic cysts was reported in all 

Fig. 4  Summary receiver operating curves showing EUS-TTNB to diagnose PCLs
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the studies, with 61% in the body or tail and 39% in the head 
or uncinate process.

The primary finding from our study is that the pooled 
specificity of EUS TTNB in classifying PCLs as neoplastic 
versus non-neoplastic was 99%, with an acceptable pooled 
sensitivity of 77%. Heterogeneity, assessed using SROC 
curves and the Cochran Q test, shows that these results are 
robust. Another key finding of this study is that EUS-TTNB 
is highly feasible, with a pooled technical success rate of 
almost 99%. In two studies where a technical failure was 
reported, it was observed to be secondary to loss of flexibil-
ity of the echoendoscope once the FNA needle and biopsy 
forceps were inserted [24] or lack of finding a safe window 
due to interposing blood vessels [31]. The mean number 
of microforceps passes required for adequate sampling was 
3.22 based on evaluating ten studies where this data was 
available. Zhang et al. reported microforceps passes until 

a visible sample was obtained [32]. Interestingly, in this 
study, there was no report of significant improvement in tis-
sue yield despite this approach. A previous meta-analysis by 
Facciorusso et al. that evaluated sample adequacy with EUS-
TTNB had reported an optimal histologic core procurement 
rate of about 80%, corresponding to the clinical success rate 
of 80% observed in our study [37].

EUS-TTNB also has the advantage of consistently provid-
ing adequate tissue samples for an accurate histopathological 
diagnosis compared to only classifying a lesion as mucinous 
versus non-mucinous using conventional methods. Another 
significant finding from this analysis is a high odds ratio 
of EUS-TTNB-derived histological diagnosis in diagnosing 
PCLs as malignant/pre-malignant or non-malignant. Cyst 
fluid obtained using EUS-FNA can be analyzed for chemi-
cal, cytological, and molecular studies to provide diagnostic 
information on PCLs. Chemical analysis primarily includes 

Fig. 5  Forest plot showing the clinical success rate of EUS-TTNB in the diagnosis of PCLs
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levels of glucose, amylase, and tumor markers like CEA. 
However, these methods have variable and often unsatis-
factory diagnostic accuracy. A meta-analysis of eighteen 
studies found the sensitivity and specificity of CEA (at a 
cut-off of 192 ng/mL) to be about 63% and 88% for iden-
tifying mucinous cystic tumors [38]. Intra-cystic low glu-
cose levels have recently been shown to have good overall 
diagnostic utility in classifying PCLs as mucinous at a cut-
off of 50 mg/dL on fluid samples collected by endoscopic 
ultrasound-guided fine-needle aspiration showing a sensi-
tivity of 90% and specificity of 85% [39]. False negative 
rates can be challenging in tests using cut-off values for a 
continuous variable. For example, Brugge et al. described 
CEA levels < 5 ng/mL in 7% of mucinous cystic neoplasms 
[40]. Other tumor markers like CA 19–9, CA 125, CA 72–4,  
and CA 15–3 have not been found to be helpful in the routine 
evaluation of PCLs [40].

Inadequate cytology samples and the availability of expert 
pancreatic cytologists often limit the availability of cyto-
logical diagnosis in most cases of EUS-FNA performed for 
PCLs. Barresi et al. described using EUS-guided fine-needle 

biopsy (FNB) for diagnosing PCLs. They showed that in 
cysts without solid components, samples were adequate for 
histological diagnosis in less than 40% of cases [34]. Molec-
ular analysis also suffers from a lack of widespread avail-
ability and limited diagnostic accuracy. K-ras mutational 
analysis used as an individual screening test was shown to 
have poor diagnostic accuracy for PCLs with a sensitivity of 
39% in a meta-analysis of twelve studies [41]. GNAS muta-
tions detected on analysis of secretin-stimulated pancreatic 
juice samples showed a sensitivity of 64% for IPMNs [42]. 
Needle-based confocal laser endomicroscopy (nCLE) is a 
real-time in vivo endoscopic, microscopic imaging tech-
nique. nCLE has been reported to have excellent specificity 
of 100% in diagnosing IPMN, MCN, and adenocarcinoma, 
however, with a low sensitivity of around 60%. Again, this 
technology is also unavailable in most centers, and operators 
with experience are extremely limited [43, 44].

In a majority of clinical scenarios, due to the various rea-
sons discussed above, cytology and molecular analysis are 
not available. In these cases, a combination of cyst fluid 
analysis, including glucose, CEA, and amylase, is primarily 

Fig. 6  Funnel plot showing no publication bias for included studies evaluating EUS-TTNB in diagnosis of PCLs
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used to differentiate PCLs as mucinous vs. non-mucinous, 
but this suffers from overall low sensitivity and specificity. 
Although all mucinous PCLs are neoplastic, most have a 
benign course, and diagnosing those with increased poten-
tial for malignant transformation can be critical. EUS-TTNB 
offers the ability to obtain adequate samples for histologi-
cal evaluation consistently. Pancreaticobiliary and intesti-
nal subtypes of IPMNs have been known to have a higher 
predilection for transformation to high-grade dysplasia and 
invasive carcinoma compared to gastric and oncocytic sub-
types [45]. The prognosis of pancreatic cancers can also vary 
based on the subtypes of IPMN from which they are derived 
[46]. Nakata et al. showed that invasive carcinoma derived 
from intestinal-type IMPN of the pancreas is associated 
with minimal invasion, colloid carcinoma, and less invasive 
behavior, leading to a better prognosis [47]. Histologic sub-
typing of IPMNs, which can be more readily done with sam-
ples from EUS-TTNB, could potentially alter the diagnostic 
algorithm for managing IPMNs. In cases of a negative result, 
the availability of a histological sample could increase con-
fidence in a diagnosis, especially in benign PCLs. Although 
there are several such theoretical advantages of accurate his-
topathological diagnosis, there is no evidence to support that 
this will change surgical management decisions, especially 
in high-risk PCLs.

It is also crucial to appreciate the high risk of acute pan-
creatitis following EUS-TTNB, with a pooled rate of about 
3%. This is much higher than the reported rate of < 1% pan-
creatitis following other EUS-TA methods like EUS-FNA for 
diagnosing PCLS or EUS-FNA or FNB in diagnosing solid 
PCLs [48, 49]. Our finding of pooled rate of 3% for EUS-
TTNB-related acute pancreatitis is more than the rate of 2% 
reported in a prior study [37]. It is essential to recognize that 
this 3% risk for post-procedural pancreatitis following EUS-
TTNB is comparable to the rate of post-ERCP pancreatitis, 
a dreaded post-ERCP complication with significant morbid-
ity and mortality [50, 51]. If the addition of EUS-TTNB to 
FNA can increase the risk for post-procedural pancreatitis 
to rates seen with ERCP, then this has to be given significant 
consideration before EUS-TTNB is adopted as a standard 
for evaluating PCLs. Future studies should determine the 
ideal indications for EUS-TTNB in the evaluation of PCLs.

There are a few limitations of this study. In most cases of 
benign cysts, further evaluation, including biopsy or resec-
tion with histopathology, was not available. Hence, a com-
bination of surgical pathology and clinical outcomes was 
used as the criterion to define the standard of diagnosis as 
malignant or non-malignant. The length of follow-up can 
limit data on clinical outcomes, which could affect the inter-
pretation of the results. There was also variability in how 
the studies reported follow-up. Mean, median, range, and 
narrative description were used. For example, Barresi et al. 
and Crinò et al. gave mean follow-up (16.6 and 15 months, 

respectively), while Kovacevic et al. provided a median  
(8.4 months) [17, 21, 24]. Follow-up duration was descrip-
tive in the studies by Zhang et al., Cheesman et al., and 
Hashimoto et al. [19, 23, 32]. However, given the high mor-
bidity of pancreatic surgeries and as a large proportion of 
PCLs are benign, this combination of pathology, when avail-
able, and long-term follow-up is possibly the best metric to 
evaluate the outcome. Another limitation was that experts 
in high-volume centers performed most of these studies. 
Whether the technical success demonstrated by the experts 
can be replicated in the community is a question that needs  
further research.

Conclusions

EUS-TTNB has good sensitivity with excellent specific-
ity in diagnosing PCLs and an overall good safety profile. 
However, there was a higher post-procedural acute pancrea-
titis rate than in other EUS-TA modalities. The addition of 
EUS-TTNB, when available, to EUS-FNA with fluid analy-
sis could increase the accuracy of EUS-guided approach in 
diagnosing PCLs. However, it significantly increases the risk 
of pancreatitis. Further prospective studies are needed to 
estimate the post-EUS-TTNB pancreatitis rate and evaluate 
potential techniques to mitigate this risk.
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