
lable at ScienceDirect

International Journal of Surgery 21 (2015) S55eS58
Contents lists avai
International Journal of Surgery

journal homepage: www.journal-surgery.net
Original research
The use of intraoperative ultrasound for diagnosis and stadiation in
pancreatic head neoformations

C. de Werra*, G. Quarto, S. Aloia, S. Perrotta, R. Del Giudice, G. Di Filippo, E. Furino,
B. Amato, G. Benassai
University of Naples, A.O.U. Federico II, Italy
a r t i c l e i n f o

Article history:
Received 12 March 2015
Received in revised form
24 March 2015
Accepted 10 April 2015
Available online 26 June 2015

Keywords:
Pancreatic cancer
Intraoperative ultrasound
Duodeno-cephalo-pancreatectomy (DCP)
* Corresponding author. University of Naples, A.O.U
Caracciolo Carafa Nr.3, Italy.

E-mail address: dewerra@unina.it (C. de Werra).

http://dx.doi.org/10.1016/j.ijsu.2015.04.091
1743-9191/© 2015 IJS Publishing Group Limited. Publ
a b s t r a c t

The intraoperative staging of the pancreatic cancer is important to make a proper treatment. For this
reason the intraoperative echography is playing an important role in the right treatment choice. The
intraoperative echography, that can be performed with an open or laparoscopic probe, is used to confirm
the preoperative diagnosis and assess the pancreatic cancer resecability. The intraoperative echography
(IOUS) or laparoscopic intraoperative echography (LIOUS) are useful to identify the patients with a non
resecable cancer and perform a faster neoadjuvant treatment. The LIOUS can also avoid an useless
laparotomy. The aim of this study is to assess, both in our experience and in the cited literature, the
concordance rate between the pancreatic cancer preoperative staging, performed with TC and MRI
(when it is available), and intraoperative staging, performed with intraoperative laparotomic or lapa-
roscopic echography.
Material and methods: We have analyzed the treatment management of 34 patients, who were candidate
to major surgery for suspected pancreatic head cancer and who underwent to intraoperative LIOUS or
IOUS staging from 2001 to 2012.
Results: LIOUS and IOUS have allowed to detect cases in which preoperative diagnosis, proved by CT and
MRI, was not agreeing with intraoperative diagnosis (22 patients on 34, 64% discordance rate), avoiding
the execution of a demolitive and uneseful surgery in order to guarantee the surveillance and life's
quality of patients.
Conclusion: We suggest to perform in every patients undergone to pancreatic surgery an intraoperative
ultrasound exam, to detect unresecable and unpredicted lesions.

© 2015 IJS Publishing Group Limited. Published by Elsevier Ltd. All rights reserved.
1. Introduction

The echography is one of the most important diagnostic tool in
the abdominal pathologies, and is playing a more important role
because of the great technological progress and the development of
new and higher performance device. The new intraoperative
probes, for both laparoscopic and open surgery, allowed the
development of the intraoperative staging of cancers, that for a long
time have been only studied by TC and MRI.

The surgeon can directly assess the patient operability by IOUS
and LIOUS. With the high frequency probe and direct contact with
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the organ targeted it can be obtained high resolution echographic
images; so this echographic examination is better than TC or MRI in
the pancreatic cancer resectability evaluation. At the beginning the
IOUS have been used in the abdominal cavity to diagnose choleli-
thiasis and choledocholithiasis. During the '80s Lane e Glazer [4]
have described the use of IOUS on the “Lancet” as a useful exami-
nation to assess the pancreatic pathological lesions. Since then a lot
of improvements have been developed to perform the IOUS
[31e34]: nowadays we have probes with different forms and fre-
quencies, in a range that goes from 7.5 Mhz to 10 Mhz. The most
common intraoperative probes have “I” or “T” shapes and are
convex type probes, the linear and sectorial probes are less com-
mon. The equipment [27e30] used to perform the exam should be
easily sterilizable and easy to use. The standard procedure to
perform the intraoperative examination of the pancreatic lesion,
requires the opening of the gastro-colic ligament and the access to
erved.
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the epiploon retrocavity, so it can be possible to have a direct
contact between the probe and the pancreatic head. When it is not
possible to reach a direct contact to the pancreatic head, the ex-
amination can be performed through the acoustic window of the
left liver lobe or pushing the gastric wall with the probe. Placing the
probe laterally to the duodenal wall and putting the ultrasound
waves in the direction of the portal vein to assess its direction,
calibre and eventual infiltration is useful to value the cancer
resectability. Moreover the hepatic peduncle and its elements, the
gallbladder, the spleen and splenic vessels, the great abdominal
vessels and theirs nearest lymph-nodes are scanned. During IOUS
examination, the pancreas [22e26] appear a little more echogenic
than the sane hepatic parenchyma. Nevertheless the echogenity
pattern of the pancreas can change during the growth or because of
chronic alcohol assumption [19e21]. Also the inflammatory chronic
diseases of the organ can increase the echogenity pattern of the
organ (caused by the deposition and the increasing of the fibrotic
tissue) and often decrease the visible part of parenchyma. The pa-
tient's body composition is important to guarantee the effective-
ness of the IOUS, indeed the presence of a great quote of retro-
peritoneal adipose tissue and its infiltration in the pancreas, can
sometimes cause a bad valuation of the organ. The IOUS can also
help to perform a cytological or biotical examination of ambiguous
pancreatic lesions, like the cystic lesions with liquid or partially
solid content or the pancreatic head lesions caused by pancreatitis
[19e21].

2. Materials and methods

From 2001 to 2012 we have analyzed 34 cases of patients came
to Our observation with a neoformation of pancreas' head and
elegible to Duodeno-cephalo-pancreatectomy. Our strategy to treat
pancreatic lesions leads, when possible, an intraoperative ultra-
sound exam performed through laparotomy (IOUS) or laparoscopy.
In our study we considered 19 females and 15 males, with an
average age of 68 years old (maximum age 75 and 65 minimum).
The BMI in females group was 24.5, while in the males one was
25.5. Patients were recruited in Our ambulatory of General HBP
Surgery, associated with the Operative Unit of U.H. Federico II, in
Naples. Every patients selected for the surgery were undergone to
CT or MRI (when it was necessary) in order to stage the grade of
their disease. Moreover we evaluated princinpal tumoral markers:
Ca 19.9, Ca 125.5, CEA, AFP.The intraoperative ultrasound exam
with probe for open surgery or laparoscopic ultrasound probe was
performed by the same surgeon who has an over twenty years of
experience in ultrasound field. The ultrasound device used during
Our study was an Esaote MyLab 40® with a standard linear probe
frequencing at 7.5 Mhz and 10 Mhz, and linear laparoscopic probe
frequencing 7.5 Mhz and 10 Mhz. Probes were sterilized using a
solution for cleaning surgical tools non autoclavable (Barrycidal 30
Plus®); whenwas used the standard linear probewe used a sterilize
plastic bag for the laparoscopic optical viewer. Executing the LIOUS
was used a trocar of 10mm for the laparoscopic optic viewer placed
on umbilicus scar, a trocar of 10 mm on the right side between the
junction of emiclavear line and transumbelicar one and a trocar of
5 mm on the left side and in specular position of the former. To
perform IOUS was used a median laparotomy xypho-pubic to ac-
cess at the abdominal cavity; both in laparoscopy and in open
surgery was completely opened the gastro-colic ligament in order
to access to epiploon's cavity and perform the exam. Before to set
the probe directly on the organ was used a sterilized isotonic so-
lution on pancreas' surface in order to improve ultrasounds trans-
mission. The exam was performed and evaluated always by the
same physician, comparing images acquired in surgery with the
others acquired through CT or MRI, when available. Criteria to not
perform the surgery were: encroach of superior mesenterical ves-
sels, portal encroachment, farness lymphnodes invasion, peritoneal
carcinosis. Moreover was performed a Doppler exam about target
vessels. When patients were not eligible for a LIOUS exam due to a
severe comorbidity status (heart failure or respiratory disesases)
we proceded with an IOUS. In every patients that after intra-
operative exams were not elegible to resective surgery, we pro-
ceded to a bioptical exam (omental or peritoneal metastasis) or
microbiopsy with Tru-Cut® needle on the lesion, in order to set the
histological grade and, after that lead them to neoadjuvant
chemotherapy. When the cancer results resecable, during the
intraoperative exam (IOUS or LIOUS), we performed a Duodeno-
cephalo-pancreatectomy (DCP) with reconstruction on loop ac-
cording to Roux.

3. Results

Among 34 patients dragged in our study, 31 have been exposed
to a LIOUS; 3 patients have only been exposed to an IOUS due to an
high risk to perform a pneumoperitoneum (ASA IV with right heart
failure). In 65% of cases the average value of Ca19.9 was elevated.
Among 34 patients in Our study: nine refered only unvolounteer
weight loss during the last year; eight patients had obstructive
jaundice; three reported dyspepsia; four of them suffered only of
typical pancreatic pain; in seven patients only two of these symp-
toms were evidentiable and finally three patients present all the
above symptoms and signs. Actually in Our clinical records, after
the performance of intraoperative ultrasound exam, only twelve
patients were eligible to perform a DCP; two patients submitted to
IOUS and ten patients exposed to LIOUS. In one of patients exposed
to IOUS the preoperative diagnosis performedwith CT did not agree
with intraoperative ultrasound exam, due to an ignored peritoneal
carcinosis with neoplastic peritoneum lesions. On the contrary in
patients undergone to a LIOUS exam, the preoperative diagnosis
acquired with CT plus MRI (when it is available) was different in 21
cases; so we had an average discordance rate of 64%, it was ob-
tained adding the 21 patients undergone a LIOUS to 1 patient un-
dergone an IOUS both with disagreeing diagnosis. Specifically
patients with a different intraoperative diagnosis undergone a
LIOUS exposed: five cases with an increasing volume and unclear
structure of pancreatic head, which following to microbiopsy exam
did with Tru-Cut Biopsy Needle®, has been identified as chronic
pancreatitis.

Other patients, who had a conflicting preoperatory diagnosis,
had the following features: 5 of them had omental metastasis
(confirmed by extemporary histological exam on the located le-
sions); in one patient there was a tumoral encroachment of the
portal vein carrefour; 2 patients had farness neoplastic lymph-
nodes; 2 of them showed a tumoral enchroachment of the supe-
rior mesenteric vein with signs of omental cancer; 6 patients had
some regional suspicious lymph-nodes which, after ultrasound
exam, reminded a tumoral encroachment; moreover they also
manifested clear signs of encroachment of the principal vessels
(mesenteric and portal veins) and omental cancer.

All 22 patients, who were not eligible to surgery excision, were
addressed to neoadjuvant therapy and, eventually, treated with
surgery only to correct those symptoms associated with develop-
ment of the disease. In 12 patients, when IOUS and LIOUS exams
were agreeing with intraoperatory imaging exam and there were
no contraindications to the surgery (valutated after abdominal
exploration), we have proceed to surgery doing DCP standard with
R1 lymph-nodes resection and restoring the intestinal motility
through loop according Roux and closing of pancreatic residue
releasing GLUBRAN© directly in Wirsung. This type of re-build has
been selected because of the average age of patients.



Table 2
Patient Surveillace rate in relation with pathological stage.

Patients with 5 years disease free 4 A; 1 B
Surveillance at least 36 months 3 B; 1 A
Surveillance equal or less than 24 months 3C
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There were no cases of intraoperatory deaths.
We have find a morbility of the 40%, among which: 3 cases of

pancreatic fistula, 1 case of postoperatory bleeding and 1 case of
abdominal infection. All these postiperatory complications were
treated in conservative waywith a correct pharmacological therapy
and nutritional support directly in the hospital. Twelve patients,
who undergone to DCP surgery, showed the pathologic staging as
summarize in Table 1. An average of 13 lymph-nodes were excised.
Patients which had 5 years disease free after surgery are 5; 4 pa-
tients died in 36months since surgery and 3 patients died before 24
months since surgery. All our results are summarized in Table 2.

4. Discussion and conclusions

IOUS and LIOUS techniques are useful, andmay help the surgeon
to decide the correct approach to pancreatic lesions and moreover
[1e3]. Nowadays these techniques are very used to distinguish
gallbladder cancer and biliary tract [4,5]. An important element of
evaluation is the analysis of lymph nodes and their system, both
intraperitoneal and retroperitoneal [5,6]. The use of intraoperative
ultrasound can lead, according with some authors, a swing in the
operative strategy in about 38e49% of cases [1,5,7]. In the pancre-
atic surgery ultrasound has a dominant role. Actually it is essential
for the type differentiation of lesions (cystic, solid, inflammatory,
endocrine, intraductal) [6,8e11]. May be very useful in the evalu-
ation of islet pancreatic cancer and endocrine tumor including
inactive ones [2,8,12]. The intraoperative ultrasound exam, during a
laparoscopy or laparotomy, helped by a biopsy and cytology, has
allowed to reach high level of sensibility and specificity in the
determination of resectionability of lesions, indeed in the literature
is reported a sensibility of 92e93% and specificity of 95% [1,5,8,9];
while CT results reach lowest values of sensibility (71.4e90%)
[1,8,13]. Moreover the intraoperative exam results able to detect
enlarged lymph nodes which sometimes, due to a local imflam-
matory state or plenty of abdominal fat, are difficult to reveal with
CT [1,14]. Usually the intreoperative exam is very useful to reveal
epatic lesions less than 5 mm diameter [15,16], reaching an average
sensibility of 94% against 86.7% reached by the MRI in the scanning
of these lesions [1,8]; to reach these higher value of sensibility we
need to execute very carefully IOUS and LIOUS, keeping attention to
push the probe with adeguate pression on the liver's capsule and to
explore the entire organ. In Our experience the rate of concordance
between preoperative staging and further resecability of pancreas
head cancer has been of the 35% for patients undergone to IOUS or
LIOUS, it depends probably from the small number of patients
which has been analyzed. The intraoperative ultrasound exam,
with an accurate direct exploration of the all abdominal cavity, has
allowed the detection of 22 patients not eligible for surgery
resection. These patients, without an ultrasound intraoperative
exam, would probably have suffered by an unjustified over-
treatment, unable to guarantee improvements in terms of survivor
rate and quality of life, beyond to have an higher impact on the
financial balance of the hospital; so we suggest to every surgeon
dedicate to pancreatic surgery to perform always an intraoperative
ultrasound exam. Moreover we reached to obtain an histological
diagnosis on microbiopsy with Tru-Cut Biopsy Needle® in five 5
doubtful cases, in which an enlargement of the head of pancreas,
with uncertain levels of Ca19.9, which could not obtain to make an
Table 1
Number of patients for each pathological stages detected.

Group A 5 patients T1N0M0
Group B 4 patients T2N0M0
Group C 3 patients T2N1M0
exact preoperative diagnosis. In cases in which the diagnosis was
confirmed by the ultrasound exam we obtained a good survivor
rate as shown in the Tables 1 and 2. This high survival rate [17,18]
depends of the correct diagnostic identification reached by intra-
operative ultrasound, which has allowed to select patients with
cancer really resecable, obtaining an unexpected surveillance in
relationship with this pathology.
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