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Abstract

Purpose: To assess the performance of CT-Enteroclysis
(CTE) in the preoperative evaluation of the small bowel
(SB) involvement in patients with peritoneal carcinoma-
tosis (PC), candidates for cytoreductive surgery (CRS) and
hyperthermic intraperitoneal chemotherapy (HIPEC).
Material and methods: In this prospective study, 48
consecutive patients (37 women, 11 men, mean age:
57.02 years) with PC of different primaries, eligible for
cytoreductive surgery and HIPEC underwent CTE before
surgery. Lesions were gathered according to their location
(SB wall or mesentery), distribution (jejunum/ileum,
proximal/distal) and lesion size (LS, where LS0 is the
absence of disease, LS1 < 1 cm, LS < 1–5 cm, and
LS3 > 5 cm in maximal diameter). The preoperative
CTE classification was correlated with surgical scoring
of PC in the SB.
Results:CTEwas found to have sensitivity 92%, specificity
96%, PPV 97%, NPV 91%, in assessing PC in the
SB/mesentery. CTE exhibited ‘‘excellent’’ agreement with
surgical classification of disease extent (overall kappa-
weighted coefficient of agreement (jw)was 0.962). Patients
(n = 6) found inoperable at surgery manifested extensive
plaque-like cover of the SB wall/mesentery on CTE.

Conclusions: CTE may be considered a reliable imaging
technique for the preoperative evaluation of the extent
and distribution of PC in the SB/mesentery in order
to assist surgical planning or to prevent unnecessary
surgery.
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Abbreviations

CRS Cytoreductive surgery

HIPEC Hyperthermic intraperitoneal chemotherapy

CTE CT-Enteroclysis

CTE-PCS CT-Enteroclysis peritoneal carcinomatosis

scoring

PCSS Peritoneal carcinomatosis scoring at surgery

PCI Peritoneal carcinomatosis index

PJ Proximal jejunum, corresponding to part 9

of PCI

DJ Distal jejunum, corresponding to part 10 of

PCI

PI Proximal ileum, corresponding to part 11 of

PCI

DI Distal ileum, corresponding to part 12 of

PCI

jw Overall Kappa-weighted coefficient of

agreement

PPV Positive predictive value
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NPV Negative predictive value

CI Confidence interval

The peritoneal carcinomatosis (PC) is a clinical entity
considered as the terminal evolution of neoplastic dis-
eases from different primaries in the abdomen and pelvis
[1–3]. Before the 1980s, PC was regarded as a lethal
disease with disappointing prognosis; the majority of the
patients died within 6 months after diagnosis and only
palliative treatment was applied [1–3]. The innovations in
peritoneal surface malignancy therapeutics and the
application of more aggressive methods, namely cytore-
ductive surgery (CRS) in combination with hyperthermic
intraperitoneal chemotherapy (HIPEC), have signifi-
cantly improved the long-term survival rate in these pa-
tients [2–4]. However, the method carries a significant
morbidity and mortality, and it is time- and resource-
consuming. CRS combined with HIPEC is efficacious if
it is performed in selected patients with peritoneal
surface malignancy [5–8]. The extent and the distribu-
tion of carcinomatosis are the major criteria for limit-
ing patients’ selection and simultaneously are of the
most important prognostic factors [1, 3, 6]. Especially,
extended load of the disease in the small bowel (SB)
constitutes a sentinel, limiting criterion in the decision
making process because enough SB needs to remain in
place to allow for an adequate oral nutrition in the future
[3, 9]. The presence of many diseased parts of the SB
requires many segmented enterectomies which may cre-
ate ‘‘short-bowel’’ syndrome [4, 5, 8]. Thus, evaluation of
SB is a crucial component in the preoperative imaging
assessment. The Peritoneal Surface Malignancy Group
has accepted computed tomography (CT) as the funda-
mental imaging modality in the preoperative selection
process [9–13]. However, even advanced CT technology
usually underestimates actual SB involvement revealed at
surgical exploration [9, 14]. In this study, we introduce
CT in combination with enteroclysis (CT-Enteroclysis
(CTE)) for the preoperative evaluation of tumor burden
in the SB and it is mesentery and results were correlated
with findings at surgery.

Materials and methods

Study group

This prospective study enrolled forty-eight consecutive
patients (37 women and 11 men, (mean age: 57.02 years,
range: 28–73)) with primary neoplasms in the abdomen
(Table 1) and CT and/or MRI evidence of PC, who re-
ferred to our hospital during a 26 months period. The
study protocol was approved by the Institutional Review
Board of our hospital and informed consent was ob-
tained from each subject prior to the CTE examination.
All patients were eligible for CRS according to estab-

lished criteria [3, 7, 8, 15]; no patient exhibited hema-
togenous metastasis (liver, lungs, bones, etc.) or
tumorous involvement of the ligament of Treitz, or
ureteral obstruction, or severe intestinal obstruction on
previous CT or MR examinations and their physical
condition did not preclude surgery (i.e., severe cardio-
pulmonary or renal failure, age, cachexia, etc.). All pa-
tients underwent a CTE before surgery; time interval
between CTE and operation was 4–7 days.

CTE: patient’s preparation, intubation, and
scanning technique

Patients were fasting for 24 h prior to examination. SB
distention was achieved by bypassing the stomach-using
nasojejunal catheter—with rapid (130 mL/min) enteral
administration of 1.8–2 L of enteral contrast medium.
The nasojejunal intubation and placement were per-
formed under fluoroscopic guidance. A 12.0 F catheter
was employed (length: 135 cm, diameter: 12.0 F, Bilbao–
Dotter hypotonic duodenography set, Cook, Limerick,
Ireland). Local anesthetic (lidocaine hydrochloride 2%,
Astrazeneca, Sweden) was applied to the patient’s nasal
mucosa before starting the procedure. Intravenous sed-
ative or analgesics were not used. After nasojejunal
catheter placement, the patient was transferred to CT-
Unit. An initial CT-scan of the abdomen without enteral
neither i.v. contrast medium was performed. Afterwards,
enteral contrast medium was administrated with the
patient on the CT table. The recipient with enteral con-
trast was placed 150 cm in height from patient’s supine
level, and thus, the enteral contrast was pushed to the
bowel—via the nasojejunal catheter—due to hydrostatic
pressure. Polyethylen glycol (Klean Prep, Helsinn-Birex,
Ireland) was used as enteral contrast; it is isosmolar and
is not absorbed from the intestinal mucosa, it is well
tolerated and provides a neutral endoluminal opacifica-
tion which promotes better delineation of the enhancing
intestinal wall. Shortly before data acquisition, 20 mg of
an antiperistaltic agent (scopolaminbutylbromid, Bu-
scopan, Boehringer Ingelheim, Basel, Switzerland) was
injected intravenously to diminish bowel motion and

Table 1. Features of 48 consecutive patients with peritoneal carcino-
matosis

Number of patients 48
Mean age (years)/range 57.02/28–73
Gender

Men 11
Women 37

Primary site of cancer
Ovaries 28
Stomach 5
Colon 9
Mesothelioma 3
Appendix 1
Sarcomatosis 2

Diagnostic CTE 45
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related artifacts. Consequently, iodinated nonionic con-
trast medium was injected (volume in milliliters equal to
patient’s body weight plus 30 ml) at a rate of 4 ml/sec
with an automatic infusion pump. All examinations were
performed on a helical CT scanner (Prospeed, GE
Healthcare, Milwaukee, USA) with scanning parameters:
140 kV, 200 mA, 5 mm slice thickness, 5 mm table
speed, and 3 mm reconstruction intervals. The scanning
delay was 60 s, after starting the intravenous adminis-
tration of contrast medium.

Analysis of CTE imaging findings in the SB
and it is mesentery

SB and it is mesentery were divided into four segments:
the proximal jejunum (PJ-SB in the left upper quadrant),
the distal jejunum (DJ-SB in the left lower quadrant), the
proximal ileum (PI-SB in the right upper quadrant) and
the distal ileum (DI-SB in the right lower quadrant).
These segments corresponded to segments number 9
(PJ), 10 (DJ), 11 (PI), and 12 (DI) of Peritoneal Cancer
Index (PCI) which is the classification system widely used
by surgeons for disease load in PC and has been intro-
duced by Jacquet and Sugarbaker [17]. Adequate luminal
distention was evaluated in each segment; accepted
dilatation was considered when jejunal loop diameter
exceeded 20 mm or ileal diameter exceeded 15 mm and
corresponded to ‘‘good’’ or ‘‘optimal’’ bowel distention
on CTE, according to the scale proposed by Boudiaf
et al. [18]. The disease burden of each segment was as-
sessed on a four points grading scale according to lesion
size (LS) as follows: LS0 is no disease evidence on
imaging, LS1 is cancerous implants with maximal
diameter less than 1 cm, LS2 is cancerous implants less
than 5 cm but larger than 1 cm in maximal diameter, and
LS3 is cancerous lesion larger than 5 cm in diameter. LS
criteria were adopted from surgical literature on the
‘‘simplified’’ PCI [1, 17]. When multiple implants were
recognized, the LS was based on the larger lesion and if
multiple implants were coalesced forming an extended
carcinomatous layer or plaque on the intestinal wall/
mesentery the LS was graded as 3, in agreement with PCI
definition [1, 17]. Stenotic SB segments were measured
and gathered according to their length (i.e., stenosis in
length 1–5 cm was graded as 2, more than 5 cm was

graded as 3). The length of mesenteric surface thickening,
the diameter of mesenteric nodules or masses and the
diameter of mesenteric stranding were also measured and
lesions were gathered into groups 1, 2, or 3 according to
their maximal diameter. All CTEs were analyzed and
graded in consensus by two experienced (with more than
15 years of experience) abdominal radiologists who cal-
culated the preoperative CTE peritoneal carcinomatosis
scoring (CTE-PCS); data were stored and saved in a data
base (SPSS 17.0 Statistics for Windows).

Calculation of peritoneal carcinomatosis scoring
at surgery (PCSS)

All patients were operated by a surgical team under the
same senior surgeon. Implants’ distribution and size were
recorded during the procedure accordingly to the scale
[1, 17]: LS0 is no disease evidence, LS1 is cancerous
implants in a maximal diameter less than 1 cm, LS2 is
cancerous implants less than 5 cm but larger than 1 cm,
LS3 is cancerous lesion larger in maximum diameter than
5 cm. Disease grading for PJ, DJ, PI, and DI were used
for statistical analysis.

Statistical analysis

The agreement of the preoperative CTE-PCS with the
PCSS at surgery was tested by the overall kappa-weigh-
ted coefficient of agreement (jw) [20]. Sensitivities,
specificities, positive predictive values (PPV), and nega-
tive predictive values (NPV) were calculated in order to
assess the diagnostic performance of CTE for the pres-
ence or absence of disease, using PCSS as the ‘‘gold
standard’’. SPSS 17.0 Statistics for Windows was used
for calculation of sensitivities, specificities, PPVs, and
NPVs.

Results

CTE was well tolerated in 47 patients, while in one pa-
tient the examination was not completed due to vomit-
ing. Adequate SB distention was achieved in all but two
patients who were excluded from further analysis.

Table 2 summarizes the CTE and surgical findings
according to their size and distribution. In PJ and DJ, the

Table 2. Results of CTE scoring of PC (CTE-PCS) in comparison to PC surgical scoring (PCSS) per anatomic segment of the SB

Proximal jejunum Distal jejunum Proximal ileum Distal ileum Overall

CTE-PCS PCSS CTE-PCS PCSS CTE-PCS PCSS CTE-PCS PCSS CTE-PCS PCSS

LS0 25 23 24 23 21 20 16 15 86 81
LS1 13 15 11 13 10 12 7 8 41 48
LS2 2 1 4 3 9 6 7 8 22 18
LS3 5 6 6 6 5 7 15 14 31 33

CTE-PCS, CT-enteroclysis scoring of peritoneal carcinomatosis; PCSS, peritoneal carcinomatosis surgical scoring; LS0, SB segment free of disease;
LS1, lesion(s) < 1 cm; LS2, lesion(s) 1–5 cm; LS3, lesion(s) > 5 cm
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majority of cancerous implants were small (LS1). In PI,
the number of LS2 lesions was larger in comparison to
PJ and DJ. The highest scoring of lesions’ size was ob-
served in the DI. Implants located on the SB wall were
manifested as: nodules (Figs. 1, 2) or masses (Fig. 3),
wall thickening exhibiting contrast enhancement, non-
completely distended and distorted SB segments with
wall irregularity (Fig. 4), or intestinal segment stenosis.
Implants on SB mesentery were seen as mesenteric nod-
ules or masses, increased attenuation values or stranding
of the mesenteric fat, or thickening and distortion of the
mesenteric folds.

The sensitivities, specificities, PPVs, and NPVs of
CTE for the four SB/mesentery segments are presented in
Table 3. The overall sensitivity, specificity, PPV, and
NPV were 92%, 96%, 97%, and 91%, respectively. The
observed sensitivity, specificity, PPV, and NPV had the
highest values in DI among all SB segments.

Six out of 45 patients were considered ‘‘inoperable’’ in
the operating theater, due to extensive infiltration of the
SB/mesentery. CTE showed extensive ‘‘layered-type’’ SB
involvement in four cases (Fig. 5), extensive involvement
of the mesentery in one, and combined extensive SB and

mesenteric involvement in one patient. The widely in-
volved mesentery was rigid, thick, and shortened
(Fig. 6).

jw for the entire SB was 0.962 and corresponds to
‘‘excellent’’ agreement [20] between CTE and surgical
findings. The highest jw was observed in the DI and the
lowest in PI. The analytical measurements of jw for each
anatomical segment of the SB are presented in Table 4.

Discussion

Extensive SB infiltration by peritoneal cancerous im-
plants precludes effective CRS, while minimal to mod-
erate disease may require excision of intestinal segments
[3, 8]. A recent report concludes that prompt preopera-
tive evaluation of the SB, mesentery, and periportal re-
gion for resectability may prevent unnecessary surgery
[21]. Consequently, SB evaluation before surgery is of
clinical relevance and findings in the preoperative imag-
ing examination are important for the appropriate
selection of patients that could benefit from CRS-HIPEC
and also for the surgical planning in those patients. Al-
though, CT is the modality of choice in the diagnosis of
PC with acceptable overall diagnostic accuracy, the CT
performance in detecting disease in SB is inadequate [22].
Sensitivity and specificity of CT in revealing the presence
of disease is lower at SB/mesentery as compared to other
parts of the peritoneum [9, 12, 13]. Even the agreement
among radiologists is quite low in detecting and grading
the involvement of the SB, and it is mesentery [23]. In
conventional CT examinations, cancerous implants at-
tached to a partially distended or collapsed intestinal
loops are very difficult to be diagnosed [1, 9]. The ade-
quate SB loop distension is a prerequisite for depiction of
implants attached to the intestinal wall, especially for the
small lesions [9]. It is worth noting that experienced
surgeons dealing with CRS have mentioned that ‘‘bowel

Fig. 1. CT-Enteroclysis image reveals small cancerous im-
plants attached to the intestinal wall (arrows). Tiny lesions
(between arrows) produce SB wall irregularity.

Fig. 2. CT-Enteroclysis section shows a 0.8 cm enhancing
cancerous nodule (arrow) on a SB loop in a patient with
peritoneal carcinomatosis.
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loops cut in cross section are often indistinguishable
from cancer nodules’’ and they proposed that ‘‘only if
maximal oral contrast is utilized to prepare the patient
for the examination, can the greatest accuracy and the
greatest prognostic implications of the examination be
realized’’[1]. The profound radiological answer is that
enteroclysis combined with CT (CTE) can provide ade-
quate SB loops distention [24], and consequently, small
separate or coalescence implants on the intestinal wall/
mesentery are more probable to be depicted on CTE.
CTE has not been previously applied for preoperative SB
evaluation in patients with PC, to the best of our
knowledge. In this study, the overall sensitivity and
specificity for the presence of disease were 92% and 96%,

Fig. 3. A CT-Enteroclysis image demonstrates a ringlet of
coalescent peritoneal implants engulfing loops of the distal
ileum (arrow). B At surgery the extensive cancerous infiltra-
tion is demonstrated. An enterectomy of the entire distal ileum
was performed.

Fig. 4. CT-Enteroclysis image shows a rigid stenotic jejunal
loop, without the normal curvilinear shape (arrow). The
intestinal wall has a faint irregularity due to the presence of
numerous tiny implants. A segmental enterectomy was per-
formed.

Table 3. Performance of CTE per anatomic segment of the SB for the absence or presence of peritoneal carcinomatosis

Proximal jejunum Distal jejunum Proximal ileum Distal ileum Overall

Sensitivity (95% CI) 86.3% (65–97%) 90.9% (70.8–98.9%) 92% (73.9–99%) 96.6% (82.7–99.9%) 92%
Specificity (95% CI) 95.6% (78–99.9%) 95.6% (78–99.9%) 95% (75.1–99.9%) 100% (78.1–100%) 96%
PPV 95% (75.1–99.9%) 95.2% (76.1–99.9%) 95.8% (78.8–99.8%) 100% (88–100%) 97%
NPV 88% (68.7–97.5%) 91.6% (72.9–98.9%) 90.5% (69.6–98.8%) 93.7% (69.8–99.8%) 91%
p values <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value
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respectively, while PPV and NPV were 97% and 91%,
respectively, for CTE, considering surgical findings as
the ‘‘gold standard’’. Previous studies have reported
sensitivities from 8% to 87% and specificities from 67%

to 100% [12, 13, 25, 26]. It might be assumed that CTE
performs better than conventional CT in the disclosure
of peritoneal implants located at the SB/mesentery.

Uneven distribution of PC was observed amongst
different parts of the SB/mesentery in the present study.
The PJ and DJ were the SB segments with lower disease
load. The disease load in the distal ileum and especially
at the ileocecal area was high, resulting in increased
numbers of implants, usually coalescent to irregular
masses. This increased burden of disease could be
attributed to gravity gradients and peristaltic waves that
propagate ascites with cancerous cells to the DI and it is
mesentery, promoting their implantation to the distal
ileum [12, 27, 28]. In addition, pooling of ascites at distal
mesentery and the ileocecal plica, further facilitates

Fig. 5. A CT-Enteroclysis section at the pelvis in a patient
with peritoneal carcinomatosis demonstrates extensive wall
thickening of ileal loops. This is more obvious at neighboring
loops, due to cancerous covering of each one of them. This
type of involvement is described as ‘‘layered-type’’. B At
surgery, the ‘‘layered-type’’ of involvement corresponds to
thin cancerous layer which covers almost entirely the intesti-
nal wall, created by numerous coalescent implanted thin
plaques. This patient was considered inoperable.

Fig. 6. A CT-Enteroclysis section at the mid-abdomen of a
patient with peritoneal carcinomatosis shows a shortened and
distorted mesentery with mild surface nodular thickening
corresponding to numerous cancerous implants. This type of
mesentery could be perceived as ‘‘frozen’’ mesentery due lost
of elasticity and shortness. Ascites and ‘‘omental-cake’’ are
also noticed. B At surgery the SB mesentery of the same
patient is rigid, thickened, and shortened (arrows). This case
was considered inoperable.
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implantation of cancerous cells [28]. Consequently, it is
not surprising that DI exhibited the more and the larger
lesions that graded with the highest score on CTE eval-
uation.

The PCI is an established and widely used index for
assessing tumor burden in patients with PC [1, 17]. PCI
and it is modifications have been applied for the selection
of candidates for CRS and it is of prognostic significance
as well [5, 7, 8, 13, 15]. In this study, we have adopted the
concept of the surgeons in assessing the distribution and
severity of PC; SB/mesentery were divided in four seg-
ments and lesions were graded by size. The preoperative
assessment of tumor burden in SB/mesentery exhibited
‘‘excellent’’ agreement with the PCSS in this study.
However, CTE-PCS gave some false-negative results in
LS1 lesions. Indeed, faint lesions, a few mm in diameter
can be missed by CTE as opposed to LS2 or LS3 lesions
that are promptly diagnosed and are also of major clin-
ical importance for surgeons. A LS2 or LS3 on the SB
wall usually require excision of the involved intestinal
segment and entero-enteric anastomosis, while for LS1 a
simple removal is sufficient. Implants located on the
mesentery—but not in vicinity with the mesenteric bor-
der of the SB—can be treated by excision or ablation,
without removal of any SB segment. Localization of a
lesion—on the SB wall or on the mesentery—is a clini-
cally relevant information that can be provided by CTE.

Extensive infiltration of the SB/mesentery renders
effective cytoreduction impossible [3, 5, 7, 15]. All cases
considered inoperable by the surgeons in this study
manifested as multiple coalescent cancerous implants in
the form of thin contiguous plaques covered extensive
segments of the SB wall or of the SB mesentery at surgery.
This insidious ‘‘layered-type’’ cancerous coat was dis-
closed on CTE thanks to SB lumen distention. The
‘‘layered-type’’ irregular thickening of SB wall was asso-
ciated with either decreased ability of the intestinal loop
to distend or stenosis, in a number of cases. These find-
ings can be better appreciated after administration of a
large volume of enteral contrast. The same pattern of
involvement in the SB mesentery could be associated with
distortion, thickening, and fixation of mesenteric folds,
which might be referred to as ‘‘frozen mesentery’’. The
aforementioned CTE findings, when present, preclude
CRS and could be introduced as an additional exclusive
criterion in the selection process for CRS-HIPEC.

The study has some limitations. First, we employed a
helical CT scanner that could influence our ability for

precise measurements of the smaller lesions or even de-
crease detectability of sub-centimeter lesions. Second, the
study group consisted of patients with different primary
sites of cancer. Consequently, the disease morphology
and distribution within the peritoneal cavity varied. It
could be more descriptive if patients with the same pri-
mary were included.

CTE seems to be a reliable imaging examination for
the preoperative mapping of the extent and distribution
of PC in the SB/mesentery, exhibiting excellent correla-
tion with surgical grading. When conventional CT is
inconclusive for estimation of the extent of SB/mesentery
PC involvement, CTE might be indicated in the selection
process of candidates for optimal CRS.
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