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Abstract
Percutaneous ultrasonography (perc-US) and magnetic resonance enterography (e-MR) are the present standards for staging 
patients with Crohn’s disease (CD). However, intraoperative data still have some discrepancies with preoperative ones. The 
contribution of intraoperative ultrasonography (IOUS) has never been evaluated. Sixty-five consecutive patients scheduled 
for ileal/colonic resection for CD between 2010 and 2014 were prospectively enrolled. All patients had perc-US, e-MR and 
IOUS. Data from different imaging modalities were compared. The reference standard was the final pathology. Surgery was 
scheduled because of intestinal obstruction (n = 31 patients), inflammatory mass (n = 21), fistula (n = 10), or abdominal pain/
sepsis (n = 3). Fourteen (21.5%) patients had a major discrepancy between preoperative and intraoperative data that required a 
modification of the surgical planning (five additional ileal lesions, three unknown ileo-sigmoid fistulas, and six not confirmed 
CD sites). IOUS correctly staged CD in all but one patients (missed ileo-colonic fistula). Pathology data differed from Perc-
US data in 13 (20%) patients, from e-MR data in 14 (21.5%), and from IOUS data in one (1.5%). The sensitivity of Perc-US, 
e-MR and IOUS was: for the identification of CD sites 84.2%, 86.1%, and 100%; for the identification of stenoses 86.8%, 
86.8%, and 100%; for the identification of fistulas 75.0%, 81.3%, and 93.8%, respectively. IOUS contributed to the surgical 
planning in 8 (12.3%) patients. IOUS is a safe, feasible and easy-to-perform procedure that optimizes staging of CD and, in 
some patients, helps to better define the treatment strategy. It could be helpful to face complex disease presentations on the 
basis of objective and reproducible data.
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Introduction

Crohn’s disease (CD) is an inflammatory disease of the 
bowel with a recurrent and progressive evolution that is 
associated with poor quality of life and disability [1, 2]. The 
persistent transmural inflammation often determines intesti-
nal complications, such as stenoses and fistulas [1–4]. Sur-
gery is only indicated in symptomatic patients non-respon-
sive to medical treatments or in patients with complications, 
but most of the patients will require at least one surgical 
intervention during their lifetime [1–4].

Through the last decades, diagnosis and staging of CD 
had an extraordinary evolution. Percutaneous ultrasonogra-
phy (perc-US) and magnetic resonance enterography (e-MR) 
are the present standards, while endoscopy has a limited role 
[5]. Perc-Us and e-MR allow to predict the intestinal wall 
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characteristics, the presence of complications (mainly sten-
oses and abdominal collections), a mesenteric thickening, 
the presence of enlarged lymph nodes, and the required sur-
gical treatment with good sensitivity and specificity. Perc-Us 
data may even be used to predict relapse [6].

Notwithstanding those progresses, intraoperative data still 
have some discrepancies with preoperative ones in terms of 
CD extension, number of lesions, and evidence of fistulas [5, 
7–10]. Visual inspection, manual palpation and dissection 
allow to define the adequate treatment, but the presence of a 
severe inflammation and of CD complications may lead to a 
difficult and inaccurate assessment. Even in complex disease 
presentations, the CD staging is paramount to maximize a 
bowel-sparing surgery in the perspective of future recur-
rences [1].

Intraoperative ultrasonography (IOUS) is the standard in 
liver surgery. It allows to identify liver anatomy, to complete 
tumor staging and to guide liver resection [11–13]. Theoreti-
cally, IOUS could offer the same advantages in patients with 
CD, but it has never been evaluated. The aims of the present 
study were: (1) to verify the feasibility and safety of intra-
operative bowel ultrasonography in patients with CD; (2) 
to elucidate the contribution of IOUS to the identification 
of CD sites, to the diagnosis of stenoses and fistulas, and to 
the definition of the surgical planning; (3) to compare the 
performances of IOUS with those of the preoperative imag-
ing modalities (perc-US and e-MR).

Materials and methods

All the consecutive patients scheduled for an ileal and/or 
colonic resection for CD at the authors’ center between Janu-
ary 2010 and April 2014 were prospectively considered for 
the present study. Patients undergoing both a first resection 
and a redo surgery were considered. Exclusion criteria were: 
no completion of the preoperative staging required by the 
study protocol (perc-US and e-MR); technical problems 
precluding IOUS; patient’s refusal. A laparoscopic resec-
tion was not an exclusion criterion, provided that a complete 
abdominal exploration was feasible and a laparoscopic IOUS 
was performed. The study was approved by the local ethi-
cal committee. Informed consent was obtained from each 
included patient.

Study protocol

The study protocol entailed:

•	 Step 1: Preoperative assessment. All the enrolled patients 
had preoperative perc-US and e-MR. Total colonoscopy 
was not mandatory.

•	 Step 2: Surgical exploration (open or laparoscopic). 
The whole abdominal cavity, the small bowel, and the 
colon were completely explored. The disease extension 
was assessed by visual inspection and manual palpation 
before and after lysis of adhesions and intestinal mobili-
zation.

•	 Step 3: IOUS. It was performed before any dissection and 
mobilization.

•	 Step 4: Treatment. Definition and execution of the ade-
quate surgical procedure.

•	 Step 5: Data analysis. Comparison of preoperative data 
(perc-US and e-MR) and of intraoperative data (inspec-
tion, palpation and IOUS) with pathology data (reference 
for the standard).

Data were prospectively registered in the appropriate 
form after each step. The data derived from surgical explo-
ration and manual palpation were separately registered from 
the data derived from IOUS. Any bowel alteration identified 
at the preoperative imaging, at intraoperative exploration, 
or at IOUS was considered except for benign asymptomatic 
lesions (e.g., colonic diverticulosis and Meckel diverticu-
lum). The reference for the standard was the final pathology 
examination in all patients. Pathologists were blinded to both 
the clinical and the intraoperative data.

According to the Buderer’s formula [14], 34 patients were 
needed to demonstrate a 90% sensitivity of IOUS in CD site 
detection with an α error = 0.05 and a marginal error of 0.1. 
Considering an expected prevalence of stenosis of 80%, the 
number of patients to enroll was 48.

IOUS was performed by LV, MM and FB. The surgical 
team has a wide experience in perc-US (perioperative man-
agement of surgical patients and outpatients clinic for the 
follow-up of cancer patients) and IOUS (regularly performed 
during liver resections). Since 1999, gastroenterologists reg-
ularly perform perc-US. The two teams (gastroenterologists 
and surgeons) jointly developed the protocol for IOUS in 
patients with CD.

IOUS technique and details

The technique of IOUS was standardized as follows: evalu-
ation of the normal ileal and colonic wall; identification and 
characterization of known CD lesions; exploration of all the 
bowel segments and characterization of any new lesion.

The ProSound Alpha 5sv or the ProSound Alpha 7 ultra-
sound system (Hitachi Aloka Medical, Tokyo, Japan) was 
utilized. IOUS was performed with a linear multi-frequency 
(5–10 MHz) transducer (UST-579T-7.5, Hitachi Aloka Med-
ical, Tokyo, Japan). Laparoscopic IOUS was performed with 
a multifrequency (5–10 MHz) flexible linear-array laparo-
scopic transducer (UST-5536-7.5; Hitachi Aloka Medical, 
Tokyo, Japan). A control handle at the proximal handheld 
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end of the probe enabled to move up and down the distal 
intra-abdominal end. The US probes were sterilized by a 
sterilization system based on hydrogen peroxide gas plasma 
(STERRAD®, ASP, Roma, Italy).

Patient management

The authors’ institution is a tertiary referral center for CD. 
A multidisciplinary committee including surgeons, gastro-
enterologists, endoscopists and radiologists systematically 
discussed the management of every patient. Surgery was 
scheduled in patients with symptomatic CD non-responsive 
to medical therapy or in patients with complicated CD (i.e., 
intestinal obstruction, abdominal collections, or fistulas).

A laparoscopic approach was scheduled whenever pos-
sible. The preoperative diagnosis of complicated CD or a 
redo surgery were not absolute contraindications to a lapa-
roscopic approach. A pure laparoscopic approach was rou-
tinely adopted for left colonic CD. In patients with ileal, 
ileocecal or right colonic CD, a laparoscopic-assisted 
approach including laparoscopic mobilization followed by 
mini-laparotomy and open resection and anastomosis was 
performed.

Statistical analysis

Continuous variables were compared between groups using 
the unpaired t test or Mann–Whitney U test, as appropri-
ate. Categorical variables were compared using the Fisher’s 
exact test. A P value < 0.05 was considered statistically sig-
nificant for all tests. Per-patient and per-lesion analyses were 
performed to assess performances of perc-US, e-MR and 
IOUS.

Results

Between January 2010 and April 2014, 132 patients with 
a preoperative diagnosis of CD underwent surgery at the 
authors’ center. Sixty-seven patients were excluded because 
of an incomplete preoperative staging or because of techni-
cal problems precluding IOUS. Overall, 65 patients were 
prospectively enrolled.

Preoperative patients characteristics

Among the 65 included patients, 39 were male (60%). 
The median age was 42 years (range 15–79). The median 
Harvey–Bradshaw Index (HBI) was 8 (range 2–18), > 7 
in 37 (56.9%) patients. The indications to surgery were as 
follows: intestinal obstruction in 31 patients; abdominal 
inflammatory mass in 21; intestinal fistula in 10; abdominal 
pain in two; and sepsis in one. Overall, 24 (36.9%) patients 

presented with recurrent CD. Patients’ characteristics are 
summarized in Table 1.

All patients had preoperative perc-US and e-MR. Total 
colonoscopy was performed in 22 (33.8%) patients. Perc-US 
and e-MR had a concordant assessment of the disease exten-
sion in 62 (95.4%) patients: CD of the ileum in 31 patients; 
of the ileocecal area in 12; of the left colon in two; of both 
the ileum and the colon in three; and of the ileo-colonic 
anastomosis in 14 (including three with additional ileal 
lesions). In three patients perc-US and e-MR were discord-
ant. In all cases, e-MR diagnosed an ileal + colonic involve-
ment (ileal CD extended to the cecum in one, ileum + trans-
verse colon in one, and ileum + sigmoid colon in one), while 
perc-US diagnosed an ileal-only disease.

Stenoses were evident in 61 (93.8%) patients. Fifteen 
(23.1%) patients had a preoperative diagnosis of intesti-
nal fistula: entero-enteral fistula in eight, entero-cutaneous 
fistula in four, ileo-colonic fistula in two (transverse colon 
and left colon, respectively), and ileo-vaginal fistula in one. 

Table 1   Patients’ characteristics

Continuous variables are reported as median (range)
US ultrasonography, MR magnetic resonance, CT computed tomog-
raphy

Age, years 42 (15–79)
Male sex 39 (60%)
Must score
 Well nourished 37 (57%)
 Risk of malnutrition 8 (12%)
 Malnourished 20 (31%)

Disease presentation
Acute disease 20 (31%)
Recurrent disease 24 (37%)
Active medical treatments 57 (88%)
 Mesalazine 33 (51%)
 Immunosuppressive therapies 18 (28%)
 Remicade 12 (18%)
 Steroids 4 (6%)

Harvey bradshaw index 8 (2–18)
 Index > 7 37 (57%)

Indications to surgery
 Intestinal obstruction 31 (48%)
 Abdominal inflammatory mass 21 (32%)
 Intestinal fistula 10 (15%)
 Abdominal pain 2 (3%)
 Sepsis 1 (2%)

Preoperative imaging
Percutaneous US 65 (100%)
MR enterography 65 (100%)
Total colonoscopy 22 (34%)
Abdominal CT 6 (9%)
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Perc-US failed to identify two ileo-colonic fistulas detected 
by e-MR.

Surgical exploration

Twenty (30.8%) patients had a discrepancy between pre-
operative and intraoperative data. Of those, 14 (21.5%) 
patients had major discrepancies that required an intraop-
erative modification of the planned surgical procedure. In 8 
(12.3%) patients the CD was more extended than expected: 
five patients had additional skip ileal lesions; and three had 
an ileo-sigmoid fistula, associated with sigmoid CD in one 
(preoperative diagnosis of ileal-only CD). In three (4.6%) 
patients the CD disease was less extended than expected: in 
one patient an ileal lesion was not identified; in one patient 
an ileo-ileal fistula was not confirmed; in one patient an 
ileo-sigmoid fistula and a sigmoid CD were not confirmed. 
In three (4.6%) patients the preoperative diagnosis of CD 
was not confirmed (preoperative diagnosis was CD of the 
ileum in two and CD of the ileo-colonic anastomosis in 
one). Six (9.2%) patients had a minor discrepancy between 
preoperative and intraoperative data: three had a colonic 
involvement more extended than expected (two had a CD 
extended to the right colon instead of an ileo-cecal CD, and 
one had an involvement of the transverse colon instead of an 
isolated recurrence of the ileo-colonic anastomosis); three 

had a more limited CD (isolated ileal CD without colonic 
involvement). Discrepancies between preoperative imaging 
and surgical exploration are summarized in Fig. 1.

IOUS contribution to CD staging

IOUS correctly identified the extension of CD in all but 
one (98.5%) patients. In one patient IOUS failed to iden-
tify an ileo-colonic fistula. IOUS correctly identified all the 
CD sites and stenoses (complete agreement with pathol-
ogy data). The median intestinal wall thickness was 2 mm 
(range, 1–4) in normal tracts vs. 9 mm (4–18) in CD tracts, 
p < 0.0001. Some examples of IOUS images are reported 
in Fig. 2.

Comparison with the reference standard (Table 2)

First, the capability of perc-US, e-MR and IOUS to glob-
ally assess the disease was considered (per-patient analy-
sis). In comparison with the pathology data, perc-US data 
were incorrect in 23 (35.4%) patients, e-MR data in 22 
(32.8%) and IOUS data in one (1.5%). Major discrepancies 
occurred in 13 (20%), 14 (21.5%), and one (1.5%) patients, 
respectively (p < 0.05 IOUS vs. perc-US/e-MR). Perc-US 
and e-MR had both underestimation and overestimation of 

Fig. 1   Extension of CD: dis-
crepancies between preoperative 
imaging and intraoperative data
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the CD, while IOUS had a single case of underestimation 
(missed ileo-colonic fistula).

Second, the capability of the three imaging modalities 
to identify the CD sites was analyzed (per-lesion analy-
sis). Sensitivity of perc-US, e-MR and IOUS was 84.2, 
86.1, and 100%, respectively; accuracy was 79.4, 81.3, 
and 100%, respectively. Similar data were observed for 
the identification of CD stenoses: sensitivity of perc-US, 
e-MR and IOUS was 86.8, 86.8, and 100%, respectively; 
accuracy was 83.8, 83.8, and 100%, respectively. Finally, 
the diagnosis of fistula was considered. Sensitivity of perc-
US, e-MR and IOUS was 75.0, 81.3, and 93.8%; positive 

predictive value was 92.3, 86.7, and 100%; accuracy was 
92.3, 92.3, and 98.5%, respectively.

IOUS contribution to the surgical planning

Manual palpation and dissection allowed to define surgical 
treatment in most cases. Nevertheless, in some patients 
IOUS data contributed to the choice of the most appropri-
ate treatment. In two patients with multiple ileal stenoses 
(> 10 CD sites), IOUS allowed to discriminate the ileal 
tracts to resect, those to treat with a strictureplasty (the 
severity of stenosis and the endoluminal fluid transit were 
evaluated by IOUS for every single lesion), and those not 
to treat. In three patients with intraoperative detection of 
ileo-colonic fistula, IOUS helped to decide the need for a 
colonic resection on the basis of the colonic wall altera-
tions (only one patient had colonic resection). Finally, in 
three patients with no macroscopic evidence of CD, IOUS 
confirmed a normal intestinal wall reassuring about no 
resection.

Surgical procedures and operative outcomes

One (1.5%) patient had pure laparoscopic resection (left 
colonic resection). Forty-four (67.7%) patients had lap-
aroscopic-assisted surgery. Conversion to open surgery 
occurred in three (6.7%) patients because of bulky masses 
or fistulas. No complications related to IOUS occurred. 
Operative mortality was nil and overall morbidity rate 
was 20% (13 patients). Severe morbidity occurred in eight 
patients (12.3%): six anastomotic leaks and two bleedings 
requiring reoperation.

Fig. 2   Intraoperative ultrasonography in patients affected by Crohn’s 
disease (CD): a CD of the ileum with severe thickening of the ileal 
wall; b the transition (arrow) from the normal ileal wall (left side) to 

the thickened wall due to CD (right side); c a fistula (arrow) across 
the right colonic wall affected by CD

Table 2   Comparison of performances of perc-US, e-MR and IOUS, 
per-lesion analysis

Perc-US (%) E-MR (%) IOUS (%)

Identification of CD sites
 Sensitivity 84.2 86.1 100
 Positive predictive value 93.4 93.5 100
 Accuracy 79.4 81.3 100

Identification of stenoses
 Sensitivity 86.8 86.8 100
 Specificity 50.0 50.0 –
 Positive predictive value 95.2 95.2 100
 Negative predictive value 25.0 25.0 –
 Accuracy 83.8 83.8 100

Identification of fistulas
 Sensitivity 75.0 81.3 93.8
 Specificity 98.0 95.9 100
 Positive predictive value 92.3 86.7 100
 Negative predictive value 92.3 94.0 98.0
 Accuracy 92.3 92.3 98.5
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Discussion

The present analysis is a pilot study about the role of IOUS 
in patients with CD. Even if the majority of patients with 
CD can be adequately managed without IOUS, our data 
showed that IOUS has a strong reliability in CD staging, 
higher than preoperative imaging (perc-US and e-MR), 
and may give a contribution to surgical planning in 
patients with complex disease presentation.

During the last decades, IOUS progressively became 
part of surgical practice. Liver surgery was the first setting 
in which IOUS gained consensus [11–13]. To date, when-
ever a liver resection is scheduled, IOUS is an essential 
tool to elucidate anatomy, to disclose tumor nodules, to 
analyze their relationship with intrahepatic vessels, and to 
define the most appropriate resection [11–13]. Recently, 
IOUS application has been extended to biliary and pan-
creatic surgery [15–17]. Since early ‘90s, the authors 
extensively adopted IOUS in HPB surgery and repeatedly 
reported its benefits and applications [13, 15, 18–20]. This 
positive feeling with IOUS combined with the wide expe-
rience of gastroenterologists in perc-US for CD led the 
authors to explore the role of IOUS in CD.

The surgical approach to CD patients has to combine two 
separate aims: the resolution of symptoms (patients sched-
uled for surgery are either complicated or symptomatic) and 
a bowel-sparing policy in view of future recurrences [1]. 
Accordingly, both an accurate assessment of the extension 
of CD and a precise surgical planning are paramount.

Perc-US, CT and e-MR are the present standards for non-
invasive diagnosis and staging of CD [5]. They achieved 
excellent results in the diagnosis of CD site (sensitivity 
70–90% and specificity 85–95%) and of CD complications 
(70–90 and 85–100%, respectively) [8, 9, 21–25]. Similar 
data were observed in the present analysis. However, sensi-
tivity of non-invasive imaging modalities decreases in most 
complex disease presentations, such as in presence of fistulas 
(70–75% for both Perc-US, and CT, and e-MR) [5, 7–10]. 
The present series confirmed also those data: sensitivity of 
perc-US and of e-MR in fistula detection was 75% and 81%, 
respectively. Overall, preoperative imaging may underes-
timate the severity of CD in up to one-fourth of patients. 
IOUS performed much better: its data were concordant with 
pathology data in all but one patients (vs. 65% for perc-Us 
and e-MR data, major discrepancy in 20% of cases); IOUS 
identified all CD lesions and stenoses (vs. 85–88% of the 
other imaging modalities) and 94% of fistulas (vs. 75–80%). 
An intraoperative imaging modality was compared with non-
invasive preoperative ones. Nevertheless, the present data 
suggest that IOUS (a natural evolution of perc-US) can be 
consistently a new reference standard for imaging in CD, 
exactly as hepatic IOUS became a standard in liver diseases.

The second issue to consider is the surgical planning. In 
patients with CD, surgeons are used to modify the scheduled 
treatment on the basis of intraoperative findings. Neverthe-
less, some situations can be difficult to manage even after 
laparotomy, e.g., multiple CD localizations or inflammatory 
masses involving contiguous organs. In the present series, 
IOUS impacted the surgical strategy exactly in the most 
complex scenarios. In patients with multiple CD localiza-
tions, surgeons must decide which lesions should be treated 
and which treatment should be performed (strictureplasty vs. 
resection). IOUS allowed to assess the severity of stenoses 
on the basis of objective data (the lumen diameter and the 
transit of fluid) and to decide the treatment on the basis of 
reproducible criteria. In patients with a suspected fistula, 
IOUS allowed to confirm it before any dissection, and to 
identify bowel tracts to resect. Finally, IOUS was useful in 
patients with overestimation of CD severity at preoperative 
imaging. We decided not to perform resection according to 
objective criteria (intestinal wall thickness and fluid transit). 
In the present series, about 10% of patients benefited from 
IOUS exploration. In high-volume centers, specialized in 
CD surgery, it could represent a non-negligible number of 
patients.

A major criticism can be advanced: CD patients are 
worldwide treated without IOUS achieving excellent results. 
Even if palpation and dissection are helpful, IOUS offered 
additional data that contributed to the surgical decision. Of 
note, IOUS was always performed before dissection and 
manipulation. Objective measures provided by IOUS could 
optimize the standardization and the rationalization of the 
surgical strategy. IOUS could be even more relevant in lapa-
roscopic procedures where tactile feedback is lacking. In the 
presence of large inflammatory masses, IOUS may help to 
recognize anatomy. Some authors reported a risk of misdi-
agnosis of endometriosis as CD [26–28]. The two diseases 
have similar production of proinflammatory cytokines and, 
in some patients, may have similar macroscopic features, but 
require different treatments [29–31]. IOUS could be useful 
in this difficult differential diagnosis. Future studies should 
analyze if IOUS data in patients with CD are associated with 
their outcomes, with the effectiveness of medical treatments 
or with the recurrence risk.

This is a monocenter analysis including a limited number 
of patients. External validation by large series is needed to 
completely ascertain the clinical impact of IOUS in patients 
affected by CD and to recommend it in daily practice. The 
learning curve of IOUS was not assessed. In the authors 
center, where perc-US for CD and IOUS in HPB surgery are 
routinely performed, the IOUS program for CD was quickly 
developed and standardized thanks to a strict cooperation 
between gastroenterologists and surgeons.

In conclusion, a new tool in CD management is outlined. 
IOUS is a safe, feasible and easy-to-perform procedure that 
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allows to optimize staging of CD. In some patients, IOUS 
data may even refine treatment strategy. In referral centers, 
IOUS can be helpful to face complex disease presentations 
on the basis of objective and reproducible data.

Compliance with ethical standards 

Conflict of interest  The authors have no source of funding and no con-
flict of interest to declare.

Ethical approval  The study was approved by the local ethical com-
mittee.

Informed consent  Informed consent was obtained from each included 
patient.

Research involving human participants and/or animals  All the proce-
dures performed in the present study involving human participants were 
in accordance with the ethical standards of the institutional research 
committee and with the 1964 Helsinki declaration and its later amend-
ments. No animal was involved in the present study.

References

	 1.	 Dignass A, Van Assche G, Lindsay JO, Lémann M, Söderholm 
J, Colombel JF, Danese S, D’Hoore A, Gassull M, Gomollón F, 
Hommes DW, Michetti P, O’Morain C, Oresland T, Windsor A, 
Stange EF, Travis SP, European Crohn’s Colitis Organisation 
(ECCO) (2010) The second European evidence-based Consen-
sus on the diagnosis and management of Crohn’s disease: current 
management. J Crohns Colitis 4:28–62

	 2.	 Bernell O, Lapidus A, Hellers G (2000) Risk factors for sur-
gery and postoperative recurrence in Crohn’s disease. Ann Surg 
231:38–45

	 3.	 Sato Y, Matsui T, Yano Y, Tsurumi K, Okado Y, Matsushima Y, 
Koga A, Takahashi H, Ninomiya K, Ono Y, Takatsu N, Beppu 
T, Nagahama T, Hisabe T, Takaki Y, Hirai F, Yao K, Higashi D, 
Futami K, Washio M (2015) Long-term course of Crohn’s disease 
in Japan: incidence of complications, cumulative rate of initial 
surgery, and risk factors at diagnosis for initial surgery. J Gastro-
enterol Hepatol 30:1713–1719

	 4.	 Louis E, Collard A, Oger AF, Degroote E, Aboul Nasr El, Yafi 
FA, Belaiche J (2001) Behaviour of Crohn’s disease according to 
the Vienna classification: changing pattern over the course of the 
disease. Gut 49:777–782

	 5.	 Panes J, Bouhnik Y, Reinisch W, Stoker J, Taylor SA, Baumgart 
DC, Danese S, Halligan S, Marincek B, Matos C, Peyrin-Biroulet 
L, Rimola J, Rogler G, van Assche G, Ardizzone S, Ba-Ssalamah 
A, Bali MA, Bellini D, Biancone L, Castiglione F, Ehehalt R, 
Grassi R, Kucharzik T, Maccioni F, Maconi G, Magro F, Martín-
Comín J, Morana G, Pendsé D, Sebastian S, Signore A, Tolan 
D, Tielbeek JA, Weishaupt D, Wiarda B, Laghi A (2013) Imag-
ing techniques for assessment of inflammatory bowel disease: 
joint ECCO and ESGAR evidence-based consensus guidelines. 
J Crohns Colitis 7:556–585

	 6.	 Rigazio C, Ercole E, Laudi C, Daperno M, Lavagna A, Crocella 
L, Bertolino F, Viganò L, Sostegni R, Pera A, Rocca R (2009) 
Abdominal bowel ultrasound can predict the risk of surgery in 
Crohn’s disease: proposal of an ultrasonographic score. Scand J 
Gastroenterol 44:585–593

	 7.	 Maconi G, Sampietro GM, Parente F, Pompili G, Russo A, Cris-
taldi M, Arborio G, Ardizzone S, Matacena G, Taschieri AM, 
Bianchi Porro G (2003) Contrast radiology, computed tomogra-
phy and ultrasonography in detecting internal fistulas and intra-
abdominal abscesses in Crohn’s disease: a prospective compara-
tive study. Am J Gastroenterol 98:1545–1555

	 8.	 Panés J, Bouzas R, Chaparro M, García-Sánchez V, Gisbert JP, 
Martínez de Guereñu B, Mendoza JL, Paredes JM, Quiroga S, 
Ripollés T, Rimola J (2011) Systematic review: the use of ultra-
sonography, computed tomography and magnetic resonance 
imaging for the diagnosis, assessment of activity and abdomi-
nal complications of Crohn’s disease. Aliment Pharmacol Ther 
34:125–145

	 9.	 Zappa M, Stefanescu C, Cazals-Hatem D, Bretagnol F, Des-
champs L, Attar A, Larroque B, Tréton X, Panis Y, Vilgrain V, 
Bouhnik Y (2011) Which magnetic resonance imaging findings 
accurately evaluate inflammation in small bowel Crohn’s disease? 
A retrospective comparison with surgical pathologic analysis. 
Inflamm Bowel Dis 17:984–993

	10.	 Seastedt KP, Trencheva K, Michelassi F, Alsaleh D, Milsom JW, 
Sonoda T, Lee SW, Nandakumar G (2014) Accuracy of CT enter-
ography and magnetic resonance enterography imaging to detect 
lesions preoperatively in patients undergoing surgery for Crohn’s 
disease. Dis Colon Rectum 57:1364–1370

	11.	 Makuuchi M, Takayama T, Kosuge T, Yamazaki S, Yamamoto J, 
Hasegawa H, Takayasu K (1991) The value of ultrasonography 
for hepatic surgery. Hepatogastroenterology 38:64–70

	12.	 Torzilli G (2014) Ultrasound-guided liver surgery: an atlas, 1st 
edn. Springer, Milan

	13.	 Ferrero A, Langella S, Giuliante F, Viganò L, Vellone M, Zimmitti 
G, Ardito F, Nuzzo G, Capussotti L (2013) Intraoperative liver 
ultrasound still affects surgical strategy for patients with colorectal 
metastases in the modern era. World J Surg 37:2655–2663

	14.	 Buderer NM (1996) Statistical methodology: I. Incorporating the 
prevalence of disease into the sample size calculation for sensitiv-
ity and specificity. Acad Emerg Med 3:895–900

	15.	 Russolillo N, D’Eletto M, Langella S, Perotti S, Lo Tesoriere R, 
Forchino F, Ferrero A (2016) Role of laparoscopic ultrasound dur-
ing diagnostic laparoscopy for proximal biliary cancers: a single 
series of 100 patients. Surg Endosc 30:1212–1218

	16.	 Hariharan D, Constantinides VA, Froeling FE, Tekkis PP, Kocher 
HM (2010) The role of laparoscopy and laparoscopic ultrasound 
in the preoperative staging of pancreatico-biliary cancers. A meta-
analysis. Eur J Surg Oncol 36:941–948

	17.	 Weinstein S, Morgan T, Poder L, Shin L, Jeffrey RB, Aslam R, 
Yee J (2015) Value of intraoperative sonography in pancreatic 
surgery. J Ultrasound Med 34:1307–1318

	18.	 Viganò L, Ferrero A, Amisano M, Russolillo N, Capussotti L 
(2013) Comparison of laparoscopic and open intraoperative ultra-
sonography for staging liver tumours. Br J Surg 100:535–542

	19.	 Ferrero A, Langella S, Russolillo N, Vigano’ L, Lo Tesoriere 
R, Capussotti L (2012) Intraoperative detection of disappearing 
colorectal liver metastases as a predictor of residual disease. J 
Gastrointest Surg 16:806–814

	20.	 Viganò L, Capussotti L, Lapointe R, Barroso E, Hubert C, 
Giuliante F, Ijzermans JN, Mirza DF, Elias D, Adam R (2014) 
Early recurrence after liver resection for colorectal metastases: 
risk factors, prognosis, and treatment. A LiverMetSurvey-based 
study of 6,025 patients. Ann Surg Oncol 21:1276–1286

	21.	 Jensen MD, Ormstrup T, Vagn-Hansen C, Østergaard L, Rafaelsen 
SR (2011) Interobserver and intermodality agreement for detec-
tion of small bowel Crohn’s disease with MR enterography and 
CT enterography. Inflamm Bowel Dis 17:1081–1088

	22.	 Fraquelli M, Colli A, Casazza G, Paggi S, Colucci A, Massironi S, 
Duca P, Conte D (2005) Role of US in detection of Crohn disease: 
meta-analysis. Radiology 236:95–101



312	 Updates in Surgery (2019) 71:305–312

1 3

	23.	 Fiorino G, Bonifacio C, Peyrin-Biroulet L, Minuti F, Repici A, 
Spinelli A, Fries W, Balzarini L, Montorsi M, Malesci A, Danese 
S (2011) Prospective comparison of computed tomography enter-
ography and magnetic resonance enterography for assessment of 
disease activity and complications in ileocolonic Crohn’s disease. 
Inflamm Bowel Dis 17:1073–1080

	24.	 Lee SS, Kim AY, Yang SK, Chung JW, Kim SY, Park SH, Ha 
HK (2009) Crohn disease of the small bowel: comparison of CT 
enterography, MR enterography, and small-bowel follow-through 
as diagnostic techniques. Radiology 251:751–761

	25.	 Horsthuis K, Bipat S, Bennink RJ, Stoker J (2008) Inflammatory 
bowel disease diagnosed with US, MR, scintigraphy, and CT: 
meta-analysis of prospective studies. Radiology 247:64–79

	26.	 Dong C, Ngu WS, Wakefield SE (2015) Endometriosis mas-
querading as Crohn’s disease in a patient with acute small bowel 
obstruction. BMJ Case Rep. https​://doi.org/10.1136/bcr-2014-
20722​9

	27.	 Teke Z, Aytekin FO, Atalay AO, Demirkan NC (2008) Crohn’s 
disease complicated by multiple stenoses and internal fistulas 
clinically mimicking small bowel endometriosis. World J Gastro-
enterol 14:146–151

	28.	 Minocha A, Davis MS, Wright RA (1994) Small bowel endometri-
osis masquerading as regional enteritis. Dig Dis Sci 39:1126–1133

	29.	 Billiet T, Cleynen I, Ballet V, Claes K, Princen F, Singh S, Fer-
rante M, Van Assche G, Gils A, Vermeire S (2017) Evolution of 
cytokines and inflammatory biomarkers during infliximab induc-
tion therapy and the impact of inflammatory burden on primary 
response in patients with Crohn’s disease. Scand J Gastroenterol 
52:1086–1092

	30.	 Laganà AS, Vitale SG, Salmeri FM, Triolo O, Ban Frangež H, 
Vrtačnik-Bokal E, Stojanovska L, Apostolopoulos V, Granese 
R, Sofo V (2017) Unus pro omnibus, omnes pro uno: a novel, 
evidence-based, unifying theory for the pathogenesis of endome-
triosis. Med Hypotheses 103:10–20

	31.	 Laganà AS, Vitale SG, Trovato MA, Palmara VI, Rapisarda AM, 
Granese R, Sturlese E, De Dominici R, Alecci S, Padula F, Chi-
ofalo B, Grasso R, Cignini P, D’Amico P, Triolo O (2016) Full-
thickness excision versus shaving by laparoscopy for intestinal 
deep infiltrating endometriosis: rationale and potential treatment 
options. Biomed Res Int 2016:3617179

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1136/bcr-2014-207229
https://doi.org/10.1136/bcr-2014-207229

	Intraoperative ultrasonography in patients undergoing surgery for Crohn’s disease. Prospective evaluation of an innovative approach to optimize staging and treatment planning
	Abstract
	Introduction
	Materials and methods
	Study protocol
	IOUS technique and details
	Patient management
	Statistical analysis

	Results
	Preoperative patients characteristics
	Surgical exploration
	IOUS contribution to CD staging
	Comparison with the reference standard (Table 2)
	IOUS contribution to the surgical planning
	Surgical procedures and operative outcomes

	Discussion
	References




