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INTRODUCTION

Pancreatic cystic lesions  (PCLs) are being increasingly 
encountered in clinical practice due to the widespread 
use of  high‑resolution imaging. The prevalence of  
pancreatic cysts detected incidentally varies from 
2% on computed tomography scans[1] to 9.3% on 
3T magnetic resonance imagings of  the abdomen.[2] 

The wide spectrum of  PCLs includes benign and 
malignant lesions, and therefore, an accurate diagnosis 
is mandatory to decide the best management. In 
clinical practice, the challenge is to differentiate 
between nonneoplastic and neoplastic PCLs and 
to determine whether one should undergo either 
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surveillance or surgery. This carries the risk of  either 
sending a patient to unnecessary surgery or missing 
the opportunity to resect a potentially malignant 
lesion. Several guidelines have been published 
over the years, some of  them favoring surgery, 
others being more prudent, and balancing towards 
surveillance.[3‑6] Analysis of  management decisions, 
according to these guidelines, has shown significant 
deficits.

Until recent years, EUS-FNA of  PCLs with cyst 
fluid analysis was used for management decisions, 
but this has proven suboptimal performance due 
to scant cellularity and poor diagnostic accuracy of  
biomarkers.

In the last years, though, there has been a growing 
interest for tissue acquisition in PCLs, and diagnosis has 
evolved from cyst fluid sampling to histological criteria 
by means of  needle‑based confocal endomicroscopy, 
through‑the‑needle cystoscopy, and through‑the‑needle 
intracystic biopsy.[7] Among these techniques, cyst 
wall sampling using through‑the‑needle micro 
biopsy  (TTNB) forceps has gained the most interest. 
The Moray micro forceps biopsy  (MFB) device  (US 
Endoscopy, Ohio, US) is a disposable tissue acquisition 
device that can be passed through a 19G needle and 
allows for tissue sampling of  the cyst wall.

Our aim was to review the current data regarding 
TTNB in PCLs, with respect to feasibility, diagnostic 
accuracy, and safety.

METHODS

The literature search was performed in September 
2019 in three major databases: PubMed, Embase, 
and Web of  Science. The search terms used were: 
“endoscopic ultrasound”/”eus” and “biopsy forceps” or 
“microforceps.” No search restrictions were applied. We 
also searched abstracts from scientific meetings.

The initial search yielded 386 articles  (Embase 110, 
PubMed 202, Web of  Science 74).

After title and abstract screening and removing 
duplicates, 48 records remained for a detailed 
assessment of  eligibility.

After excluding review, case reports, case series 
with <10 patients, articles without available full‑text and 

articles reporting duplicate data, a total of  9 articles, 
comprising 463  patients  (range: 27–114), were enrolled 
in the systematic review  [Figure  1].

Definitions of  performance and outcome measures for 
the TTNB forceps were reviewed for all articles. Technical 
success was defined as the successful puncture of  the 
lesion, mounting the forceps, and performing the biopsy. 
Tissue acquisition yield was reported as the ability to obtain 
at least one tissue sample. Diagnostic accuracy was set against 
the correct final diagnosis as defined by surgery or a 
multidisciplinary board based on cross section imaging, 
EUS characterization, cyst fluid markers and/or cytology.

Adverse events were reported according to the American 
Society for Gastrointestinal Endoscopy severity criteria, 
as defined in Cotton et  al.[8]

RESULTS

Altogether nine studies[9‑17]  (9 retrospective, 
1 prospective) reporting on 463 patients with 464 cysts 
(there was one patient with two lesions punctured in 
the study by Hrad[17]) were included in our systematic 
review. The mean age of  the patients was 68.3  years, 
with a slight female predominance  (60.9%). The size 
of  the PCLs ranged from 11 to 88 mm  (mean 33 mm) 
and most of  them were located in the body‑tail of  the 
pancreas  (61.2%)  [Table  1].

The most frequently used needle was Expect  (Boston 
Scientific, Marlborough, Mass, USA), but punctures 
were also performed with EchoTip  (Cook Medical, 
Bloomington, IN, USA) and SharkCore  (Medtronic, 
Dublin, Ireland). All samplings were done using Moray 
MFB device  (US Endoscopy, US).

Technical success of  EUS‑guided MFB device was 
reported in 456/463  cases  (98.5%; 95% confidence 
interval  [CI]: 89%–100%). The main reasons for 
technical difficulties were the inability to access the cyst, 
while the echoendoscope was fully flexed, difficulty to 
push the instrument through the needle, and difficulty 
to visualize the forceps on EUS scan. The tissue 
acquisition yield reported was 367/416  (88.2%; 95% CI: 
79%–97%)  [Table  2].

EUS‑guided MFB was able to establish the correct final 
diagnosis in 312 PCLs out of  455  (diagnostic accuracy 
68.6%; 95% CI, 61%–76%).
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Forty‑five patients  (9.7%) having 46 adverse events 
were reported among the studies: abdominal pain‑4, 
intracystic hemorrhage‑26, peripancreatic bleeding‑1, 
mild acute pancreatitis‑11, postprocedural infection‑3, 
and atrial fibrillation after procedure‑1  case.

DISCUSSION

Over the time, diagnosis of  PCLs evolved from 
EUS‑based morphological assessment, to cyst fluid 
analysis by means of  FNA  (cellularity, amylase, glucose, 
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Figure 1. PRISMA 2009 flow diagram

Table 1. Patient demographics and pancreatic cystic lesions characteristics
Study design Number 

patient
Age 

(mean)
Sex (% female) Cyst size 

(mean mm)
Cyst location 

(head* + istmus/body 
+ tail)

Basar et al., 2018[12] Retrospective 42 69 23/42 28.2 16/26 (38.1/61.9%)
Barresi et al., 2018[13] Retrospective 56 57.5 39/56 38.6 27/29 (48.2/51.8%)
Zhang et al., 2018[14] Retrospective 48 69.6 25/48 31 15/33 (31.2/68.8%)
Mittal et al., 2018[15] Retrospective 27 65 16/27 37.8 14/13 (51.9/48.1%)
Kovacevic et al., 
2018[16]

Retrospective 31 69.9 15/31 33.5 N/A

Hrad et al., 2018[17] Retrospective 37 71 27/37 30.6 13/25 (34.2/65.8%)
Yang et al., 2018[10] Retrospective 47 66.2 26/47 30.7 22/25 (46.8/53.2%)
Yang et al., 2019[11] Prospective 114 64.2 64/114 35 39/71 (34.2/62.3%)

4 not specified (3.5%)
Crinò et al., 2019[9] Retrospective 61 50.2 47/61 40.7 18/43 (29.5/70.5%)
Total 463 68.3 282/463 (60.9%) 33 164/265 (37.9/61.2%)
*Including uncinate process. N/A: Not available
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carcinoembryonic antigen  [CEA], CA 19‑9, molecular 
markers) and recently by sampling the tissue wall.

EUS morphology alone has a modest diagnostic 
yield in distinguishing mucinous from nonmucinous 
pancreatic cysts,  with variable diagnostic 
accuracy  (48%–94%), sensitivity (36%–91%) and 
specificity  (45%–81%). [5] Regarding cyst f luid 
analysis, CEA, with a cutoff  value of  192  ng/mL, 
is considered the most accurate marker (52%–78% 
sensitivity; 63%–91% specificity) for differentiating 
nonmucinous from mucinous pancreatic cysts and 
is the preferred marker in low‑volume aspirates.[5,18] 
Various studies showed that CEA values  <5  ng/mL 
had 50% sensitivity and 95% specificity for serous 
cystadenoma  (SCA) or pseudocyst diagnosis, while 
CEA  >800  ng/mL had 48% sensitivity and 98% 
specificity in differentiating between mucinous and 
nonmucinous cysts.[19,20]

Cyst fluid amylase levels <250 U/L, although not useful 
in distinguishing between mucinous and nonmucinous 
cysts, may exclude pancreatic pseudocysts with a 
44% sensitivity and a 98% specificity.[20,21] In addition, 
CEA  >192  ng/mL values associating with amylase 
values below or above 250 U/L might guide the 

diagnosis towards mucinous cystic neoplasm  (MCN) or 
intraductal papillary mucinous neoplasm.[19]

Cyst fluid glucose  ≤50  mg/dL compared to 
CEA >192 ng/mL cutoff,[22] has been proven to be more 
sensitive  (92% vs. 58%), more accurate  (90% vs. 69%) 
but less specific  (87% vs. 96%) in diagnosing mucinous 
pancreatic cysts. Similar results regarding sensitivity 
(88% vs. 50%) and diagnostic accuracy (94% vs. 89%) 
were also obtained for fluid glucose <41  mg/dL and 
CEA  >184  ng/mL.[23] However, the measurement of  
both intracystic glucose and CEA might have significantly 
increased sensitivity in diagnosing mucinous cysts.[24]

The cytopathological examination of  PLCs has a 
specificity higher than 93%.[25,26] and until now was the 
most accurate test for determining malignancy risk. 
Despite its potential to provide a definite diagnosis, 
it is less sensitive in diagnosing a malignant cyst 
(75%–78%)[12,25] and its use remains limited mostly 
because of  low cellularity acquisition during EUS‑FNA 
and gastrointestinal wall cell contamination, but also 
possibly due to the examiner’s lack of  experience.[12]

Considering this suboptimal performance of  cyst fluid 
analysis in setting the correct management of  PCLs, 

Table 2. Feasibility, diagnostic accuracy and safety of through‑the‑needle microbiopsy
Needle used Tehnical 

succes
Tissue 

acquisition 
yield

Diagnostic 
accuracy

AE AE (details)

Basar et al., 2018[12] 19G flex 42/42 38/42 15/42 2 Self‑limited ICB ‑1
Mild abdominal pain ‑ 1

Barresi et al., 
2018[13]

19G EchoTip, \19G 
Expect and Expect flex 
and 19G SharkCore

56/56 52/56 47/56 9 Self‑limited ICB ‑ 6
Abdominal pain ‑ 2
Both ICB and abdominal pain ‑1

Zhang et al., 2018[14] 19G FNA needle 48/48 N/A 36/48 0 ‑
Mittal et al., 2018[15] 19G Expect or EchoTip Ultra 27/27 24/27 21/27 0 ‑
Kovacevic et al., 
2018[16]

19G Expect Flex 27/31 22/31 12/22 3 Mild AP ‑ 1
Mild infection ‑2

Hrad et al., 2018[17] 19G needle 38/38 35/38 35/38 2 AP ‑ 1
Atrial fibrillation ‑ 1

Yang et al., 2018[10] 19G EchoTip Ultra 46/47 40/47 26/47 2 self‑limited ICB ‑ 1
AP ‑ 1

Yang et al., 2019[11] 19G FNA needle 111/114 95/114 75/114 13 self‑limited ICB ‑ 7
AP ‑ 6

Crinò et al., 2019[9] 19G expect 61/61 61/61 45/61 14 self‑limited ICB ‑10
mild AP ‑2
peripancreatic bleed45ing ‑ 1
transitory fever ‑ 1

Total 456/463 
(98.5%)

367/416 
(88.2%)

312/455 
(68.6%)

45 (9.7%) abdominal pain ‑ 4
ICB ‑ 26
peripancreatic bleeding ‑ 1
AP ‑ 11
Mild infection ‑ 3
Atrial fibrillation ‑ 1

AP: Acute pancreatitis; ICB: Intracystic bleed; AE: Adverse events; N/A: Not available; FNA: Fine needle aspiration
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a need for better diagnostic tools has emerged. Thus, 
a growing interest has developed around the idea of  
targeting the cyst lining by the use of  a microbiopsy 
forceps device. Several case reports and small case 
series have been reported.[27‑29]

One of  the anticipated issues regarding the MFB 
was the ability to perform the puncture, especially in 
positions known to be difficult even for conventional 
FNA, such as the transduodenal route. In this 
systematic review, a high rate of  technical success 
was reported‑98.5%, but these are results of  expert 
centers. Technical failures were represented by punctures 
attempted with the echoendoscope in fully flexed 
position  (by transduodenal route); there was one case 
with failed transgastric puncture but in fact it was 
reported as a failure because of  transient hypoxia which 
leads to abortion of  the procedure.

Regarding tissue acquisition yield, this was very 
high‑88.2%, however, not all studies reported the 
number of  biopsies performed per cyst. A  lower rate 
of  successful sampling of  the epithelial lining was seen 
in tail‑located cysts,[10,12] but this could be due to the 
higher frequency of  MCNs and SCAs located in the 
tail and the fact that epithelial cyst denudation has been 
previously reported in these lesions.[30,31]

The diagnostic yield of  the TTNB forceps was 68.6%. 
Six of  the studies included in our review providing 
comparative information regarding diagnostic accuracy 
concluded that MFB is better than EUS‑FNA in 
differentiating nonneoplastic from neoplastic PCLs and 
diagnosing the specific type of  cyst.

Yang et  al. were able to diagnose mucinous cysts in 
34.3% of  the cases by using TTNB alone, rather 
than by using biomarkers such as CEA  >192  ng/mL 
alone  (6.3%) or CEA  >192  ng/mL and FNA cytology 
combination  (9.4%).[11] Barresi et  al. showed that 
TTNB diagnostic yield was significantly higher than 
needle cystic wall biopsy combined with fluid cytology 
analysis  (83.9%  vs. 41.6%).[13]

MFB also proved to be more accurate than EUS in 
diagnosing the specific type of  cyst. MFB provided a 
specific diagnosis in 35.7%–50% of  the cases compared 
to conventional analysis of  cyst fluid 4.8%–18.8%.[12,14]

The impact of  EUS‑TTNB was clinically meaningful, as 
it provided a diagnosis of  the specific type of  cyst in 

significantly more cases than the conventional methods. 
A  change in the presumed diagnosis/management was 
reported in 19.4%–26% of  cases.[15,16]

Adverse events  (AE) rate was highly variable among the 
reported studies‑from 0% AE[14,15] 22.9%.[9] Intracystic 
bleeding was one of  the most frequently reported AE. 
In most of  the cases, bleeding was self‑limiting and 
asymptomatic and did not require medical intervention. 
In some cases, bleeding was associated with abdominal 
pain caused by increased intracystic pressure.[9] Another 
potentially severe AE was acute pancreatitis, which was 
reported in 3%–7% of  cases.[10,16]

There was significant heterogeneity of  studies 
included in this systematic review. Not all studies 
reported on the morphology of  the cysts‑unilocular/
septated, biopsy protocol, or mean number of  
biopsies per cyst  [Supplementary Table  1], whether 
the biopsy site was targeted  (from mural nodules or 
septations) or random from the wall. Furthermore, 
half  of  the studies were single center and sample 
sizes were small.

Another significant limitation is that 8 out of  9 studies 
were retrospective. Also, pathologists were not blinded 
to follow‑up of  patients, and comparison with a surgical 
specimen was available in a limited number of  cases. 
Molecular analysis of  cyst fluid was also missing in 
most studies, which could have had an impact on 
the management decision, as it is known to improve 
the diagnostic yield of  cytology alone.[32] Quality of  
specimens was not reported throughout all studies; this 
should be considered as an outcome measure in future 
trials.

Not least, the encouraging results of  the studies 
included in our systematic review reflect the experience 
of  high‑volume centers with expert endosonographers 
and pathologists, which might not be replicated in a 
real‑world setting.

Experience with this new technique is growing, and 
better insight about the indications and safety of  
MFB is expected from future studies. The cost of  
using TTNB forceps could be an issue given the 
expenses associated with EUS‑FNA, but taking into 
account the change in management reported in up to 
1 in 4  patients, it could prove to be cost‑effective; this 
aspect should be certainly addressed in further studies.
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CONCLUSIONS

EUS‑guided MFB is technically feasible, safe, and has a 
high diagnostic accuracy for PCLs. The results of  our 
systematic review should be interpreted with caution. 
Given the novelty of  this technique, further ongoing 
studies are expected to offer a better understanding of  
the safety profile and diagnostic accuracy of  EUS‑MFB.
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Supplementary information is linked to the online 
version of  the paper on the Endoscopic Ultrasound 
website.
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Supplementary Table 1. Number of passes performed with the Moray forceps
Author, year Study methods on number of passes/cyst
Basar, 2018 If the biopsy specimen seemed insufficient in size for histology, additional passes were made
Barresi, 2018 The number of passes performed with the biopsy forceps was at the discretion of each endosonographer

1 biopsy‑3 (5.3%), 2‑7 (12.5%), 3‑32 (57.1%), 4‑11 (19.6%), 5‑3 (5.3%)
Zhang, 2018 More than one biopsy was obtained if initial biopsies appeared inadequate macroscopically
Mittal, 2018 3‑4 passes were made with microforceps (or until 3‑4 visible tissue fragments were obtained)
Kovacevic, 2018 Median of 3 biopsies per patient (interquartile range 2‑4)
Hrad, 2018 Not mentioned
Yang, 2018 (retrospective) Median number of passes of one (range 1‑2). Two to three “bites” of microforceps biopsy 

specimens were obtained under EUS‑guidance with each pass of the microforceps
Yang, 2019 (prospective) Two to 3 bites were obtained from the cyst wall, septations, nodules, or 

adjacent solid components with each pass of the microforceps
Crino, 2019 In the absence of intracystic bleeding, the procedure was repeated until 3 visible specimens were obtained




