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INTRODUCTION
Linear endoscopic ultrasound (EUS) has
become established as a key diagnostic
and therapeutic tool in pancreaticobiliary
medicine over the last 20 years. EUS/
EUS-fine needle aspiration (FNA) is used
in the diagnosis and staging of pancreatic
and biliary masses, the diagnosis of unex-
plained dilatation of the bile and pancre-
atic ducts and the diagnosis of pancreatic
cysts. Interventional EUS has developed
rapidly with the EUS-guided drainage of
pancreatic fluid collections, now the most
commonly used EUS-guided intervention.
In this article, I will set out the results of
a series of studies performed over the last
12 years that have
1. helped develop the role and establish the

utility of diagnostic linear EUS/EUS-FNA
2. developed and refined the techniques for

EUS-guided pancreatic necrosectomy.

DIAGNOSIS
The question of whether to further
investigate patients with asymptomatic
unexplained duct dilatation (after CTand/
or magnetic resonance cholangiopancrea-
tography (MRCP)) and normal liver func-
tion tests (LFT) is controversial and a
growing problem due to the increase in
the incidental finding in patients undergo-
ing cross-sectional imaging. In a study that
I initiated, a significant and clinically rele-
vant yield was demonstrated in 17% of
such patients with unexplained common
bile duct (CBD) dilatation.1 We also
demonstrated that previous cholecystec-
tomy is significantly associated with no
cause found on EUS in those with isolated
CBD dilatation, and that the yield in those
with CBD and pancreatic dilatation was
low. This study helps to elucidate which

asymptomatic patients, with normal LFT
and unexplained dilated ducts, should
undergo further investigation with EUS.
Elastography is an ultrasound tech-

nique that allows assessment of the elasti-
city or firmness of a given tissue relative
to that of adjacent normal tissue by meas-
uring the strain or displacement gener-
ated in response to compression or
vibration. The magnitude of the strain
generated reflects the histological com-
position; inflammation is generally softer,
that is, more strain, and malignancy gen-
erally harder, that is, less strain.
Quantitative EUS elastography is a

novel technique that enables real-time
quantification of tissue stiffness, and may
help differentiate benign from malignant
solid pancreatic masses. An initial study
reported outstanding diagnostic perform-
ance.2 I subsequently led a large single-
centre study3 in patients with pancreatic
masses. We documented an excellent sen-
sitivity but poor specificity, suggesting
that this technique, while a useful adjunct
to tissue acquisition, requires further
refinement before it could replace tissue
diagnosis.
Initial reports of EUS-FNA invariably

reported high unsatisfactory aspiration
rate of 15%–25% at the outset of a service
significantly impairing the diagnostic per-
formance of the test. Rapid onsite examin-
ation (ROSE) by a cytopathologist or
technician of an air-dried slide to perform
adequacy assessment has been suggested as
critical to improving the yield in EUS-FNA.
In one early study, a cytopathologist was
shown to improve accuracy from 52% to
78%.4 A recent survey of international
practice documented its use by 98% of US
respondents vs 51% in Europe and Asia.5
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In a study comparing diagnostic performance with
and without cytopathology adequacy assessment,6 we
found this not to make a difference in a high-volume,
experienced unit with a baseline low inadequate aspir-
ation rate. This was one of the first studies to chal-
lenge the conventional wisdom of the utility of
ROSE. A recent randomised controlled trial arrived at
the same conclusion.7 ROSE may however have a role
during training and in centres with a low adequacy
rate.8 Our study highlights the importance of care-
fully analysing global service performance before
selecting the appropriate intervention to improve
outcomes.
In a study comparing biliary brushings and

EUS-FNA performed under the same sedation,9 we
demonstrated that combining therapeutic endoscopic
retrograde cholangiopancreatography (ERCP) and
EUS-FNA under the same conscious sedation is feas-
ible, with a complication rate similar to that of ERCP
alone. This approach has potential benefits in redu-
cing the costs and delays in the patient journey.
ERCP with biliary brushings is routinely used for

the diagnosis of biliary strictures; however, the yield is
low and the risk not insignificant particularly in non-
jaundiced patients. EUS-FNA is less invasive and has a
significantly lower complication rate than ERCP. In a
study of EUS/EUS-guided FNA of proximal biliary
strictures,10 we found the diagnostic performance to
be better than that seen with brush cytology. EUS is
now an established investigation in the management
of indeterminate biliary strictures11 12

The management of pancreatic cysts is a significant
challenge in modern pancreatology. Pancreatic cysts
are increasingly identified incidentally because of the
use of high-quality cross-sectional imaging to investi-
gate disparate abdominal symptoms. The majority of
pancreatic cysts referred to tertiary centres are asymp-
tomatic and incidental findings. The issues and com-
plexities of management revolve around the difficulty
of making an accurate diagnosis. An important dis-
tinction is between mucinous and non-mucinous
cysts.
Cyst fluid carcinoembryonic antigen (CEA) is sug-

gested to be an accurate predictor of mucinous cysts,
and the cut-off value of 192 ng/mL proposed as more
sensitive than any other single/combined EUS-derived
test. This cut-off is commonly used to differentiate
mucinous from non-mucinous cysts. In a recently pub-
lished study of cyst fluid CEA13 that I led, we have
shown that the recommended cut-off of 192 ng/mL is
significantly less accurate than EUS morphology and
that combining cytology, CEA and EUS results in
excellent diagnostic performance. This study high-
lighted the problem of over-reliance on CEA as a
marker in cyst fluid. In another pancreatic cyst
study,14 cyst size as assessed by EUS and CTwas com-
pared with resection histology as the gold standard.
We documented good correlation between EUS, CT

and histology. This study provided the first evidence
that measurement on these different modalities could
be used interchangeably.
Tissue acquisition by means of EUS-FNA is consid-

ered the standard of care for the tissue diagnosis of
pancreatic masses. However, when strict cytological
criteria are used, the sensitivity of EUS-FNA for the
diagnosis of malignant pancreatic masses even in
expert hands has been reported to be as low as
77%.15 This forces a significant proportion of patients
to undergo a second procedure and/or interval
imaging with potentially detrimental delays to defini-
tive management. Fine core biopsy needles have been
developed in an attempt to overcome the limitations
of EUS-FNA, preserve tissue architecture and improve
sample adequacy and diagnostic accuracy. However,
multiple studies have failed to demonstrate superior
tissue adequacy or diagnostic performance when com-
pared with FNA. In the first large single-centre cohort
study, we have demonstrated that a second generation
core biopsy needle with a novel tip, bevel and sheath
design afforded significantly superior tissue yield
(99% vs 87%) and sensitivity (91.1% vs 71.1%) than
the most commonly used counterpart.16 If substan-
tiated by randomised controlled trials, needles of this
type could become the standard of care.

TRAINING
There is paucity of data on the training requirement
for competency in EUS-FNA of the pancreas. We
studied the experience in our unit and training fellow-
ship17 and demonstrated that a formal 1-year training
programme in pancreaticobiliary EUS produced pro-
cedural performance at the outset of independent
practice comparable with that of an experienced endo-
sonographer, and significantly better than that
achieved without training. This study provides evi-
dence to underpin recommendations for a formal
period of high-volume training.

INNOVATION IN THERAPEUTIC EUS
The development of pancreatic necrosis and particularly
infected necrosis is associated with worsening progno-
sis. Historically, open necrosectomy was performed, but
this is associated with significant mortality.18

Minimally invasive techniques may reduce the
adverse effects of the treatment of infected necrosis.
Infected necrosis is often walled off and applied to
the posterior wall of stomach, making it amenable
to a transgastric approach. Working with Richard
Charnley, we were among the first to develop
EUS-guided necrosectomy. The technique involves
using EUS to assess the walled-off necrosis, select a
suitable place for puncture and guide puncture. The
tract is then dilated, and either at the index or subse-
quent procedures, a variety of devices (basket, snare,
forceps) used for debridement. Cavity endoscopy to
aid debridement can also be performed. At the end of
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each necrosectomy procedure, plastic pigtail stents are
placed to maintain tract patency. Repeat procedures
are performed as required.
EUS-guided endoscopic necrosectomy is the first

true natural orifice transluminal endoscopic surgery
procedure and has revolutionised the management of
this condition. It offers a minimally invasive, yet
aggressive, approach to the debridement of infected
necrosis. We established that the technique as described
above was feasible and associated with lower morbidity
and mortality compared with conventional surgery.19

We have continued to evolve the technique and
recently demonstrated the utility of a novel fully
covered self-expanding removable metal stent for endo-
scopic necrosectomy.20 Use of such stents has the
potential to reduce cost (by reducing the number of
procedures required), reduce the time to resolution and
reduce complications. Endoscopic necrosectomy is not
a procedure in isolation, but part of the repertoire of a
specialist pancreatic unit, and specialist multi disciplin-
ary team (MDT) discussion is critical. A new gener-
ation of single device lumen apposing metal stents has
recently become available; the UK experience of its use
for drainage of pancreatic fluid collections21 has
recently been presented. We have also demonstrated
that it can be used for EUS-guided drainage of the gall
bladder.22

CONCLUSION
The work described here has been possible because I
have been fortunate to have supportive colleagues,
and to be part of a cohesive hepato pancreaticobiliary
(HPB) team committed to multidisciplinary working
has facilitated therapeutic innovation as well as studies
on the role of EUS in pancreaticobiliary disease.
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