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ABSTRACT
Objective The diagnostic performance of endoscopic
ultrasound (EUS) for stratification of head of pancreas
and periampullary tumours into resectable, borderline
resectable and locally advanced tumours is unclear as is
the effect of endobiliary stents. The primary aim of the
study was to assess the diagnostic performance of EUS for
resectability according to stent status.
Design A retrospective study was performed. All patients
presenting with a solid head of pancreas mass who
underwent EUS and surgery with curative intent during an
8-year period were included. Factors with possible impact
on diagnostic performance of EUS were analysed using
logistic regression.
Results Ninety patients met inclusion criteria and formed
the study group. A total of 49 (54%) patients had an
indwelling biliary stent at the time of EUS, of which 36
were plastic and 13 were self-expanding metal stents
(SEMS). Twenty patients underwent venous resection and
reconstruction (VRR). Staging was successfully performed
in 100% unstented cases, 97% plastic stent and 54%
SEMS, p<0.0001. In successfully staged patients,
sensitivity, specificity, accuracy, positive predictive value
(PPV) and negative predictive value (NPV) for classification
of resectability were 70%, 70%, 70%, 42% and 88%. For
vascular involvement (VI), sensitivity, specificity, accuracy,
PPV and NPV were 80%, 68%, 69%, 26% and 96%.
Increasing tumour size OR 0.53 (95% CI, 0.30 to 0.95) was
associated with a decrease in accuracy of VI classification.
Conclusions EUS has modest diagnostic performance
for stratification of staging. Staging was less likely to
be completed when a SEMS was in situ. Staging EUS
should ideally be performed before endoscopic retrograde
cholangiopancreatography and biliary drainage.

INTRODUCTION
Pancreatic protocol CT scan is the initial
suggested imaging test in patients presenting
with suspected pancreatic cancer (PC), endoscopic ultrasound (EUS) being recommended
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Summary box
What is already known about this subject?
► Endoscopic ultrasound (EUS) staging of pancreatic

malignancy is indicated when pancreatic protocol CT scan does not identify a mass or staging is
equivocal.

What are the new findings?
► Indwelling self-expanding metal stents (SEMS) pre-

vents EUS vascular staging in a significant proportion of cases. Plastic stents do not prevent staging
or impair diagnostic performance when EUS staging
is successfully carried out.

How might it impact on clinical practice in the
foreseeable future?
► The findings of the study support the performance

of EUS staging before endoscopic retrograde cholangiopancreatography (ERCP) and stenting with
SEMS. If ERCP and biliary stenting are performed
before staging, EUS consideration should be given
to placing a plastic stent.

if diagnosis remains unclear and/or tissue
sampling required.1 EUS was reported to
have a sensitivity of 72% and specificity of
89% in a systematic review2 in determining
vascular involvement with more recent studies
documenting lower diagnostic performance.
However, many of the studies are from an
earlier era of pancreatic surgery when venous
resection and reconstruction (VRR) was not
systematically employed and have assessed
purely dichotomously against criteria of resectable or unresectable or vascular involvement/
no vascular involvement.
With modern surgical techniques, vascular
involvement in itself is not a contraindication
1
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to surgery, which is dependent on the vessel(s) involved
and whether VRR is feasible. Pancreatectomy with arterial resection is rarely recommended. However today,
with improved surgical techniques, VRR is routinely
performed with acceptable outcomes.3 The concept of
resectable, borderline resectable and locally advanced
tumours continues to evolve and has been codified.4 5 The
performance of EUS in categorising accurately between
resectable/borderline resectable and locally advanced
tumours is arguably of greater importance than a simple
classification of vessel involvement or not given the
different treatment strategies.
A tumour-free resection margin in excess of 1 mm is an
important independent predictor of long-term survival.3 6
Additionally, while tethering of tumour to vessels at the
time of surgery requires VRR, this may be caused by a
fibro-
inflammatory reaction rather than tumour invasion. Histological involvement is diagnosed when tumour
invades the smooth muscle of the media of the vessel,
with or without invasion of the intima;7 such invasion is
possibly associated with a worse prognosis compared with
involvement of adventitia alone8 although the evidence is
conflicting.9 The need for VRR therefore does not always
equate to histological vascular involvement. Several
studies have documented that self-
expanding metals
stents (SEMS) are superior to plastic stents for preoperative drainage and palliation.10–12 Consequently, SEMS
are increasingly preferred to plastic stents. However,
the presence of a biliary stent may impair accurate EUS
staging of vessel involvement, due to postacoustic shadowing and reverberations which may be more marked
with metal stents. A number of studies as depicted in
table 1 have previously investigated the effect of biliary
stents on EUS staging with conflicting results.13–15
Furthermore, previous studies of EUS staging have not

assessed against surgery, histological vessel involvement
and resection margin concurrently or comprehensively
accounted for other potential influencing factors such as
indwelling stents. The aim of this study was to assess the
diagnostic performance of EUS classification of resectability, histological vascular involvement and resection
margin involvement accounting for potential influencing
variables.
PATIENTS AND METHODS
The cohort included consecutive adult patients with
pancreatic ductal adenocarcinoma (PDAC), ampullary
adenocarcinoma and distal bile duct carcinoma who
underwent EUS staging and subsequent surgery with
curative intent between January 2010 and December
2017 inclusive at the Freeman Hospital. The study was
a retrospective analysis of prospectively maintained databases. Patients with a biliary stent constituted the intervention group versus a control group of patients without
stents. A minimum of 12-month follow-up was available.
EUS procedures were performed by four experienced
endosonographers. All clinical information and the
reports of any prior imaging were available at the time
of the EUS procedure. All patients were managed by a
dedicated pancreaticobiliary multidisciplinary team.
Variables included in analysis were: presence of a biliary
stent, stent type if present, tumour size, increased experience (as represented by passage of time), age, sex,
interval in weeks between EUS assessment and surgery.
EUS procedure
All procedures were performed under conscious sedation
using combinations of intravenous midazolam and pethidine, with standard cardiorespiratory monitoring. Pentax

Table 1 Previous studies which specifically investigated the impact of stent presence on staging
Year

Cancer
EUS type location

Stent, n
(type)

1998

Radial

Ampulla

25 (PS)

2006

Radial

Head of
pancreas

19 (PS)

Bao et al,13 N=76 2007

Linear

Head of
pancreas

36 (not
stated)

Shami et al,15
N=55

Linear

Pancreas

28 (SEMS)

Authors
29

Cannon et al,
N=50
Fusaroli et al,14
N=65

2008

Comments
Overall accuracy 78%. T staging reduced from 84% to
72% by stent. All patients underwent surgery.
T stage correct in 85% unstented and 47% with
stents. Patients with stents 6.55 times more likely to be
incorrectly T staged. All patients underwent surgery.
Overall sensitivity 57%, specificity 67%, PPV 61% and
NPV 63% for EUS assessment of venous involvement in
determining positive resection margin or locally advanced
and unresectable at surgery. In 27 patients without stent,
were 79%, 69%, 73% and 75% respectively.
Overall staging not just T or vascular stage assessed.
EUS correctly staged 52% of patients without SEMS
compared with 46% of patients with SEMS. Surgical
exploration in 65% and resection in 25% of patients.
Main reason for inaccurate staging was failure to identify
metastatic disease.

EUS, endoscopic ultrasound; NPV, negative predictive value; PPV, positive predictive value; PS, plastic stent; SEMS, self-expandable metal
stents.
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linear echoendoscopes (Pentax, Slough, UK) and Hitachi
ultrasound workstations (Hitachi Medical Systems, Wellingborough, UK) were used. Lesion assessment and staging,
including the use of colour Doppler, was performed when
the mass lesion was identified. During the procedure,
tumour relationship to major vessels including the coeliac
axis (CA), superior mesenteric vein (SMV), superior mesenteric artery (SMA), hepatic artery (HA) and portal vein (PV)
was routinely recorded.
Exclusion criteria included EUS performed solely for
tissue sampling, patients who underwent neoadjuvant
chemotherapy (NAT) following EUS, patients in whom
an attempt at resection was precluded by identification
during surgery of metastatic disease and an interval
between EUS and surgery greater than 60 days.
EUS reports were categorised as indicating resectable,
borderline resectable or locally advanced tumors as per
National Comprehensive Cancer Network clinical practice guideline vascular criteria.5 A report was classified as
indicating resectable disease if there was no evidence of
any vascular involvement (VI). Reports were classified as
borderline resectable, that is, neither clearly resectable
nor clearly unresectable, if there were any of the following
features: (1) tumour involvement and/or narrowing of
the lumen of the PV/SMV, over a short section. (2) Short
segment involvement of the HA, without extension to the
CA. (3) Tumour abutment of the SMA less than 180°.
Reports were classified as indicating locally advanced
if there were any of the following features: (1) greater
than 180° SMA encasement, (2) any CA involvement, (3)
unreconstructible SMV/PV involvement and (4) aortic
invasion or encasement.
Resection without VRR was required for EUS classification of resectable to be accurate. Correct classification
as borderline required either VRR or unresectability
due to vascular invasion. Correct classification as locally
advanced required failure to perform a pancreaticoduodenectomy due to vascular invasion and consideration
for palliative chemotherapy.
For the purposes of calculating diagnostic performance of
VI EUS examinations categorised as resectable were classified as negative and examinations categorised as borderline
or unresectable were classified as positive.
The surgical operation notes and histology reports
were reviewed. Surgical gold standard was based on the
intraoperative assessment by the surgeon. If the PV and/
or SMV were found to be involved by obvious tumour
or an indeterminate inflammatory/malignant process
then VRR was performed. If venous involvement was too
extensive for reconstruction or there was invasion of the
coeliac, superior mesenteric or common HA the tumour
was deemed unresectable.
Resection specimens were prepared and reported as
per the Royal College of Pathology guidelines 2010.16
Histology reports were reviewed, and the resection
margin (R) classification of the resection specimen
noted and where a vessel had been resected the extent
of tumour invasion within the vessel wall noted. Tumour

involvement of the vessel wall media was required for
classification as histological vascular invasion.
Primary objective
The primary objective was: to determine the diagnostic performance of EUS classification of resectability among patients with malignancy involving the
head of pancreas and periampullary region undergoing
pancreaticoduodenectomy.
Secondary objectives
The secondary objectives were: (1) to determine the
impact of the presence of indwelling biliary stents on
the ability to perform EUS staging. (2) To determine
diagnostic performance of EUS assessment of vascular
involvement as a predictor for histological vessel wall
invasion using the pathology report as the gold standard.
(3) To determine diagnostic performance of EUS assessment of vascular involvement as a predictor for histologically positive margins using the pathology report as the
gold standard.
General statistical analysis
Continuous variables are reported as mean and SD if
normally distributed and the median and IQR otherwise. Comparisons of continuous variables between
groups were made using analysis of variance if the values
followed the normal distribution and the Kruskal-Wallis
test otherwise. Categorical data were compared between
groups using the χ2 test. MedCalc statistical software V.20
(MedCalc Software Ltd, Ostend, Belgium; https://www.
medcalc.org; 2021) was used.
Multivariable analysis
The outcome variable was whether the patients were
accurately staged which was considered as a binary
measure (yes/no). All analyses was performed using
logistic regression. The analysis was performed in two
stages. First, the separate association between each factor
and the outcome was examined separately in a series of
univariable analyses. Subsequently, a multivariable analysis was performed. The OR and 95% CI of each outcome
were calculated. For the continuous variables, the ORs
indicate the relative change in the odds of correct staging
for a 1-unit increase in each factor (unless otherwise indicated). A backwards selection procedure was used to
retain only the significant variables in the final analysis.
RESULTS
Baseline
During the study period, 158 patients underwent surgery
with curative intent for a suspected malignant head
of pancreas mass, having had prior EUS. A total of 68
patients were excluded and 90 patients formed the study
group. A total of 76 patients in the study group had a
histological diagnosis of PDAC, 7 had cholangiocarcinoma and 7 had ampullary adenocarcinoma. Figure 1
details patient flow including reasons for exclusion. A
total of 41 patients had no stent, 36 had a plastic stent and
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Figure 1 Flow diagram of patients included into the final analysis detailing surgical and histological outcomes.
IPMN, intraductal papillary mucinous neoplasm; IPMN-B, IPMN bile duct; NET, neuroendocrine tumour; PDD,
pancreaticoduodenectomy; RCC, renal cell carcinoma.

13 had a SEMS. A total of 68 patients underwent pancreaticoduodenectomy alone, 20 pancreaticoduodenectomy
with VRR and 2 were unresectable due to vascular involvement. Baseline characteristics and per stent status are
depicted in table 2. In seven patients (six SEMS and one
plastic), vascular staging was unable to be performed due
to ultrasound artefact caused by the stent; consequently,
there was a statistically significantly smaller proportion of
SEMS cases successfully staged (53.8%) compared with
no stent (100%) or plastic stent (97.2%).
EUS assessment
Table 3 details the relationship between EUS staging and
surgical and histological outcomes. Of the 83 patients
who were successfully staged, 50 were assessed as resectable of which all underwent resection and 6 required
VRR of which 2 (33%) had histological vessel invasion.
A total of 30 patients were assessed as borderline, 12 of
these required VRR and 1 was unresectable. Of the VRR
cases, 7 (58%) had histological vessel invasion. Three
patients were assessed as unresectable of which two
underwent VRR and one was unresectable. Overall 44/50
(88%) assessed as resectable were correctly categorised
compared with 14/33 (42%) assessed as borderline or
unresectable, p<0.0001.

Table 4 details the overall diagnostic performance for
resectability, histological vessel wall invasion and resection
margin. For resectability using surgical assessment as the
gold standard, sensitivity and specificity were 70%. The
negative predictive value for vascular involvement was high
(88%) but with a poor positive predictive value of 42.4%.
On univariable analysis (table 5), stent status, sex, age, size
of tumour, year of procedure and interval between EUS and
surgery were not associated with accuracy of staging. This
did not change on multivariable analysis.
Of the 20 patients who underwent VRR, 10 had histological evidence of invasion of the media. Diagnostic performance of EUS for histological vessel wall involvement is
detailed in table 3. Sensitivity was good (80%) and negative
predictive value was very good (96%). On univariable analysis, stent status, sex, age, size of tumour, year of procedure
and interval between EUS and surgery were not associated
with an effect on staging (table 6). However, on multivariable
analysis, tumour size OR 0.53 (95% CI 0.30 to 0.95) and year
OR 1.26 (95% CI 1.01 to 1.59) were associated with effect
on staging, indicating reduced accuracy with increasing
tumour size and improved accuracy with the passage of time
during the study.

Table 2 Baseline characteristics according to stent status
Characteristic

All, n=90

No stent, n=41 Plastic stent, n=36 SEMS, n=13 P value

Median age, years (IQR)
Male gender, n (%)

68 (60–74)
50 (56%)

68 (59–73)
20 (49%)

67 (59–73)
24 (67%)

73 (64–75)
6 (46%)

0.26
0.22

Median size tumour, mm (IQR)

26 (20-31)

28 (23-36)

25 (20-30)

28 (18-32)

0.11

PDAC, n (%)

75 (83%)

34 (81%)

32 (89%)

9 (69%)

0.26

Vascular resection, n (%)

20 (23%)

10 (24%)

10 (28%)

Interval between EUS and surgery, mean days
(SD)
EUS staging successfully performed, n (%)

32 (14.3)

33 (13.2)

31 (15.9)

83 (92.2%)

41 (100%)

35 (97.2%)

0
31 (13.9)
7 (53.8%)

0.09
0.84
<0.0001

EUS, endoscopic ultrasound; PDAC, pancreatic ductal adenocarcinoma; SEMS, self-expanding metal stent.
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Table 3 Correlation of EUS assessment with surgical outcome, resection margins and vessel wall invasion
EUS
assessment

NCCN staging
accuracy, %

Proportion
resected, n (%)

R0, n (%)

Resected vessel
invaded, n (%)

0

22/25 (88%)

25/25 (100%)

8/25 (32%)

1/3 (33%)
1/3 (33%)

Surgical outcome

 

Stent status,
n (%)

PDD, n PDD+VRR, Unresectable,
n
n

Resectable
(n=50)

No stent, 25
(50%)

22

 

PS, 19 (38%)

16

3

0

16/19 (84%)

19/19 (100%)

6/19 (32%)

 

SEMS, 6
(10%)

6

0

0

6/6 100%

6/6 (100%)

3/6 (50%)

Total

 

3

44

6

0

44/50 (88%)

50/50 (100%)

17/50 (34%)

2/6 (33%)

Borderline (n=30) No stent, 15
(50%)

9

6

0

6/15 (40%)

15/15 (100%)

6/15 (40%)

4/6 (67%)

 

PS, 14 (47%)

7

6

1

6/14 (43%)

13/14 (93%)

3/14 (21%)

3/6 (50%)

 

SEMS, 1 (3%)

Total

 

Unresectable
(n=3)

1

0

0

1/1 (100%)

0

17

12

1

13/30 (43%)

29/30 (97%)

9/29 (31%)

7/12 (58%)

No stent, 1
(33%)

0

1

0

0%

1/1 (100%)

0

0

 

PS, 2 (67%)

0

1

1

1/2 (50%)

1/2 (50%)

0

1/1 (100%)

 

SEMS, 0 (0%)

0

0

0

Total

 

0

2

1

1/3 (33%)

2/3 (67%)

0

1/2 (50%)

Unable to
assess (n=7)

No stent, 0
(0%)

 

PS, 1 (14%)

1

0

0

1/1 (100%)

0

 

SEMS, 6
(86%)

6

0

0

6/6 (100%)

4/6 (67%)

Total

 

7

0

0

7/7 (100%)

4/7 (57%)

EUS, endoscopic ultrasound; NCCN, National Comprehensive Cancer Network; PDD, pancreaticoduodenectomy; PS, plastic stent; SEMS, self-
expanding metal stent; VRR, venous resection and reconstruction.

Of the 81 patients successfully staged and undergoing
resection, R0 resection was achieved in 30 (34.1%). The
diagnostic performance of EUS for involved margin (R1)
resection is detailed in table 4. Overall diagnostic performance was poor with sensitivity of 40% and negative
predictive value (NPV) of 34%. There was no association
on univariable or multivariable analysis.
DISCUSSION
In the present study, 54% of patients undergoing pancreaticoduodenectomy for suspected PC had an indwelling
biliary stent and EUS staging was significantly less likely
to be possible when a SEMS was present (54%) compared
with plastic (97%) or no stent (100%). When EUS staging

was successfully performed, the presence of a stent,
whether plastic or SEMS, did not adversely affect staging
performance although the number of SEMS was low. The
overall accuracy of classification of resectability was 70%.
Categorisation as resectable was significantly more accurate (88%) than categorisation as borderline resectable
or unresectable (42%).
CT scan is the recommended baseline test for diagnosis and staging17 18 of suspected PC. The role of EUS
currently is primarily for tissue sampling but has a role if
a mass is not detected18 19 or when vascular involvement
is equivocal on CT scan;20 21 therefore, its diagnostic
performance and any factors that might impair this are
important to know. In a previous, study we demonstrated

Table 4 EUS diagnostic performance: surgical reference vascular involvement, histological reference vascular involvement
and positive resection margin
Criterion

Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

Accuracy, %
(95% CI)

PPV, % (95% CI)

NPV, % (95% CI)

Surgery (n=83)

70.0 (45.7 to 88.1)

69.8 (56.9 to 80.7)

69.9 (58.8 to 79.5)

42.4 (31.5 to 54.1)

88.0 (78.4 to 93.6)

Histological vessel wall
involvement (n=81)

80.0 (44.4 to 97.4)

67.6 (55.4 to 78.2)

69.1 (57.9 to 78.9)

25.8 (18.0 to 35.4)

96.0 (87.3 to 98.8)

R1 resection (n=81)

40.0 (27.0 to 54.1)

65.4 (44.3 to 82.8)

48.2 (36.9 to 59.5)

70.9 (56.8 to 81.9)

34.0 (26.5 to 42.3)

Surgical margin<1 mm.
EUS, endoscopic ultrasound; NPV, negative predictive value; PPV, positive predictive value.
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Table 5 Factors associated with correct EUS staging using univariable analysis
Variable

Category

Correct, n/N (%)

OR (95% CI)

P value

Age
Gender

–
Male

–
34/45 (75.6%)

1.04 (0.99 to 1.09)
1

0.10
0.22

Female

24/38 (63.1%)

0.55 (0.21 to 1.42)

Time (years)

–

–

1.12 (0.92 to 1.37)

0.26

Stent type

No stent

28/41 (68.3%)

1

0.59

Metal

6/7 (85.6%)

2.78 (0.3 to 25.5)

Plastic

24/35 (69%.0)

1.01 (0.38 to 2.67)

–
–

–
–

0.65 (0.39 to 1.08)
1.00 (0.96 to 1.03)

Tumour size (mm)*
EUS to surgery (days)

0.09
0.95

*OR given for a 10-unit increase in predictor variable.
EUS, endoscopic ultrasound.

that SEMS use had a negative impact on tissue diagnosis
in pancreatic head masses22
The literature on EUS staging in PC is extensive. A
meta-analysis of 20 studies and 726 cases of PC showed
that EUS for T1–T2 staging has a sensitivity and specificity of 0.72 and 0.90, respectively. Sensitivity and
specificity for T3–T4 staging were 0.90 and 0.72, respectively.23 Another meta-analysis24 of 29 studies and 1330
patients reported sensitivity of 85% and specificity of
91% for vascular invasion and sensitivity and specificity
for resectability of 90% and 86%, respectively. A systematic review by Yang et al reported pooled sensitivity
and specificity of 72% and 89% for vascular invasion.2
However, many of the included studies in these systematic reviews and meta-analysis were from an era when
tumours were staged simply as resectable or unresectable and EUS assessment of vascular involvement did
not attempt to discriminate between borderline resectable, resectable and locally advanced. Additionally, few
studies have addressed the issue of true vascular invasion as opposed to inflammatory adherence. A small
study by Aslanian et al25 that did assess histological
evidence of venous invasion reported sensitivity of 50%
and NPV of 82%. A more recent study by Clanton et al26

investigated diagnostic performance of EUS for histological venous invasion and <1 mm resection margin.
They reported poor sensitivity for both venous invasion
14.3% and resection margin 18%, respectively, in a
cohort of patients similar to our study who had upfront
resection. Interestingly, after NAT sensitivity was 87%
and 81%, respectively. Patients in the NAT group
had a significantly lower T stage of tumour and they
hypothesised that the improvement occurred because
of downstaging with reduction in size and reduction
in peritumoural inflammation. Following NAT, CT
staging is more difficult and less accurate as standard
CT criteria for predicting vascular invasion, based on
the amount of tumour-vessel contact, are no longer
valid.27 In the present study, patients did not undergo
repeat EUS after NAT and were therefore excluded
from analysis, the results of the study by Clanton et al26
however support further investigation of the role of
post NAT EUS staging.
In our study, tumour size OR 0.53 (95% CI 0.30 to 0.95)
was found to be inversely related to accuracy of staging
suggesting that with increase in tumour size the vascular
relationship becomes more difficult to assess.

Table 6 Factors associated with correct assessment of histological vascular involvement using univariable analysis
Variable

Category

Correct, n/N (%)

OR (95% CI)

P value

Age
Gender

–
Male

–
33/43 (76.7%)

1.04 (0.99 to 1.09)
1

0.10
0.11

Female

23/38 (60.5%)

0.46 (0.18 to 1.21)

–

–

1.20 (0.98 to 1.48)

0.07
0.56

Time (years)
Stent type

Tumour size (mm)*
EUS to surgery (days)

No stent

28/41 (68.3%)

1

Metal

6/7 (85.6%)

2.78 (0.3 to 25.5)

Plastic

22/33 (66.7%)

0.93 (0.34 to 2.46)

–
–

–
–

0.67 (0.40 to 1.10)
1.01 (0.98 to 1.05)

0.11
0.24

*OR given for a 10-unit increase in predictor variable.
EUS, endoscopic ultrasound.
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We also found that progression of time as measured by
year of procedure was associated with an improvement
in staging performance this likely reflects several factors
including increasing experience and improvements in
EUS technology.
Endoscopic retrograde cholangiopancreatography
(ERCP) is often performed at an early stage during the
management of patients with biliary obstruction and a
head of pancreas mass. EUS expertise is not widely available28 in contrast to ERCP and therefore EUS assessment
often occurs after biliary drainage. Few studies to date
have addressed the specific issue of whether the presence
and/or nature of a biliary stent has a deleterious effect
on EUS vascular staging. An early study by Cannon et al
restricted to ampullary tumours and using radial EUS
reported a non-statistically significant reduction in accuracy of T staging from 84% to 72% in patients with plastic
stents.29 Fusaroli et al investigated the impact of plastic
stents on mechanical radial EUS staging of suspected PC
in 65 patients, 19 of whom had a stent and found a significant impact on T staging accuracy, 47% versus 85%.14 The
impact was primarily in down classification of the actual
T stage. The authors postulated that acoustic reverberation and shadowing due to the biliary stents impaired
the EUS recognition of the outer margin of the tumour,
making it more difficult to assess invasion into the SMA.
A subsequent study by Shami et al among patients with
and without SEMS (28 and 27, respectively) using linear
echoendoscopes reported no impact of SEMS on overall
staging accuracy, SEMS 46% versus no-
SEMS 52%.
However, in this study, only 65% of patients underwent
surgery and the main reason for inaccurate staging was
failure to identify metastatic disease.15 Bao et al13 investigated the ability of linear EUS and CT scan to predict a
margin negative (R0) resection and the need for venous
resection in patients undergoing pancreaticoduodenectomy. In this study of 76 patients, 47 (62%) were resectable
at surgery with 17 (22%) undergoing vascular reconstruction. When all cases were analysed, vascular involvement
on EUS had a sensitivity of 57% in determining positive
resection margin or locally advanced and unresectable
disease at resection. In the 27 patients without a stent,
sensitivity was significantly better at 79%. The authors
postulated that biliary stenting potentially diminishes
EUS accuracy by contributing to local inflammation and
adenopathy. The nature of the stents as plastic or SEMS
was not specified. The study reported an impressive R0
resection rate of 70% but did not describe the histological methodology used. Global consensus is lacking on
the definitions of R0 and R1 resection margin status and
the definition requiring a free margin of 1 mm or more
(as used in the present study) is not universally in use.6
As a consequence owing to different definitions for R0
versus R1 margin status, the reported rates of R0 resections in PDAC vary between 15% and 83%.30 For PDAC,
it is now generally accepted that standardised, rigorous
histological examination of the resection specimen
results in much higher incomplete resection rates and

exceed 80% when using R1<1 mm.31 In the present study,
R0 resection was achieved in 37%. Due to the aforementioned variation in defining an R0 resection, it is difficult
to directly compare our result with previous studies.
Additionally, while most tumours in the present
study were PDAC, there were a small number of ampullary and bile duct carcinomas, the R0 rate for ampullary carcinomas and bile duct carcinomas tends to be
higher. EUS performed poorly in margin involvement.
However, intuitively it is not surprising that EUS is
not predictive of surgical margin achieved as this is
an outcome with many contributing factors. PDAC is
characterised by highly infiltrative and discontinuous
growth that is often only visible microscopically and not
even at detailed macroscopic assessment of the resection specimen.
In our study, staging assessment could not be made in 6
of the 14 patients with a SEMS and 1 of the 36 patients with
a plastic stent. However, where staging could be performed,
the presence of a stent did not influence staging accuracy,
assessment of histological vascular invasion or resection
margins. Only a minority of patients presenting with PC are
suitable for surgical resection with a reported resection rate
of 9.8% in England.32 Ensuring the highest quality staging
and thus selection for surgery is critical. Inaccurate staging
has a significant impact with overstaged individuals being
denied potentially curative surgery, while understaged individuals will undergo futile surgery.
This study has a number of strengths which include the
restriction to patients who underwent surgery and the
inclusion of variables that could potentially affect staging
performance in multivariable analysis. A potentially significant limitation of the study is its retrospective design with
the possibility of selection bias as regards which patients
were undergoing EUS staging. However, we believe this is
mitigated by the fact that as per unit policy, all procedures
were categorised as for staging unless explicitly stated in the
report that staging was not required and the procedure was
solely for tissue sampling. Additional limitations include the
small number of patients in the metal stent group, exclusion of a significant proportion of patients because of long
interval to surgery, the use of NAT chemotherapy without
repeat EUS prior to surgery and reflecting normal clinical
practice endosonographers who were not blinded to the
results of any prior imaging.
In summary, the presence of a biliary metal stent
prevented EUS staging in a significant proportion of
patients with pancreaticobiliary malignancies. Measured
against borderline resectability criteria, EUS demonstrated modest sensitivity in line with values previously
reported for dichotomous assessment of vascular invasion or not and very good NPV. Diagnostic performance
for histological vessel wall involvement was good, while
EUS showed poor performance for predicting resection
margins.
The finding that metal biliary stents impair EUS
staging requires confirmation in prospective studies.
In conclusion, EUS has value in vascular staging of
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pancreaticobiliary malignancies but should preferably be
performed before placement of a SEMS.
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