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In the last 20 years, endorectal ultrasound (ERUS) has been one of the main diagnostic

methods for locoregional staging of rectal cancer. ERUS is accurate modality for

evaluating local invasion of rectal carcinoma into the rectal wall layers (T category).

Adding the three-dimensional modality (3-D) increases the capabilities of this diagnostic

tool in rectal cancer patients. We review the literature and report our experience in

preoperative 3-D ERUS in rectal cancer staging. In the group of 71 patients, the staging of

preoperative 3-D endorectal ultrasonography was compared with the postoperative

morphologic examination. Three-dimensional ERUS preoperative staging was confirmed

with morphologic evaluation in 66 out of 71 cases (92.9%). The detection sensitivities of

rectal cancer with 3-D ERUS were as follows: T1, 92.8%; T2, 93.1%; T3, 91.6%; and T4,

100.0%; with specificity values of T1, 98.2%; T2, 95.4%; T3, 97.8%; and T4, 98.5%. Three-

dimensional ERUS correctly categorized patients with T1, 97.1%; T2, 94.3%; T3, 95.7%;

and T4, 98.5%. The percentage of total overstaged cases was 2.75% and that of

understaged cases was 6.87%. The metastatic status of the lymph nodes was determined

with a sensitivity of 79.1% (19 of 24), specificity of 91.4% (43 of 47), and diagnostic

accuracy of 87.3% (62 of 71). In our experience, 3-D ERUS has the potential to become the

diagnostic modality of choice for the preoperative staging of rectal cancer.
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Endorectal ultrasound (ERUS) has been used as a
diagnostic tool for evaluation and staging of

rectal cancer since the 1980s.1 According to the
literature, in studies with more than 50 patients
included, an overall accuracy of approximately
81.8% was reported.2 Most of the studies present
data between 85% and 95%, but in the studies with
more than 200 patients, the accuracy rates are
relatively lower—63.3% and 69%, respectively.3,4 A
common disadvantage of ERUS and magnetic
resonance imaging (MRI) is the overstaging of T2
tumors owing to an irregular outer rectal wall
resulting from transmural tumor extension or in-
flammation around the tumor. Another challenge
for the ERUS, and especially the rigid probes, are the
locally advanced, stenotic tumors, where the probe
may not be able to pass above the lesion.5 The nodal
staging accuracy of ERUS ranges from 70% to
75%.1,5,6 The metastatic lymph nodes are distin-
guished by hypoechoic appearance, round shape,
peritumoral location, and size .5 mm.7,8 Lymph
nodes .5 mm have a 50% to 70% chance of being
malignant, while those ,4 mm have only a 20%
chance.9,10 A new modality of endorectal ultrasound
represents a three-dimensional (3-D) ERUS that
provides better visual images of the tumor volume
and spatial relations to the adjacent organs and
structures, even better than those of MRI, which
leads to better diagnostic accuracy than MRI and
standard ERUS.11–15 The unique 3-D–ERUS longitu-
dinal scan can precisely assess the tumor size and
location.16 The most important feature of this
upgraded modality is the ability to reduce inter-
preter errors and offer potential predictive value.
Three-dimensional ERUS provides the possibility to
distinguish blood vessels from lymph nodes and
allow precise fine needle aspiration (FNA) biop-
sies.13,17 The infiltration of circumferential margin
has been proven to correlate with T category, lymph
node metastasis histologic tumor differentiation,
and lymphovascular invasion.13,17 Three-dimen-
sional ERUS gives the possibility of multiplane
evaluation of the tumor, allowing visualization of
more subtle changes in the tumor characteristics and
therefore better T and N categorizing.18 A review of
86 patients who underwent standard 3-D ERUS,
ERUS and 4-channel detector computed tomogra-
phy (CT) demonstrated T-category accuracy of 78%,
69%, and 57%, respectively.19 After analysis of the
examiner’s error, the accuracy of 3-D ERUS for T
category has reached 91% for 3-D ERUS and 88% for
standard ERUS, and the N category accuracy
improved to 90% and 76%, respectively. Also, ERUS

can be used for diagnosis of premalignant lesions
such as adenomas and polyps.20 The main goal is to
properly identify any chance of tumor invasion in
the primary lesion and involvement of the sur-
rounding lymph nodes in case the absence of those
alarming characteristics allows for endoscopic re-
section of the lesion. Using higher-resolution probes,
ERUS can distinguish T0 from T1 lesions. According
to a meta-analysis of 258 biopsy-negative tumors,
ERUS identified tumor mass in 81% of the 24
lesions, which were found to be invasive tumors
on morphologic examination.20 Another series of 60
patients with pT0/pT1 lesions demonstrated sensi-
tivity and specificity of ERUS 89% and 88%,
respectively.21 As with MRI, 3-D ERUS could
provide an evaluation of the mesorectal fascia.14,22

The reported data lead to the position that 3-D
ERUS combines the high-resolution images of the
rectal wall and cost-effectiveness of standard ERUS
with the multiplanar and stereoscopic imaging
capabilities of MRI. Three-dimensional ERUS may
be the future premier imaging modality used in
rectal cancer management.

Methods

Between September 2008 and December 2010, 71
consecutive subjects with rectal cancer were admit-
ted to Clinic of Surgery, University Hospital (St.
Marina), Varna, Bulgaria. All subjects underwent 3-
D ERUS after verification of rectal adenocarcinoma.
The patients underwent bowel preparation with
laxative (hydroxyanthracene glycosides, X-prep;
Mundipharma GmbH, Limburg, Germany) and 3
enemas—2 the night before and 1 the day of the
examination. All patients had sigmoidoscopy prior
to the ERUS for verification of good level of
cleansing. In 2 patients, the results from sigmoidos-
copy showed an unsatisfactory level of cleansing,
and the procedure of bowel preparation was
repeated. In those cases, the 3-D ERUS was
scheduled for the next day. Postoperative pathologic
examinations were carried out in all subjects. There
were 41 men and 30 women (mean age, 61.3 6 12.2
years; range, 39–78 years). Inclusion criterion was
primary rectal cancer. Exclusion criteria included
multiple primary colon cancer, synchronous or
metachronous second primary malignancy, intracor-
poreal metal parts, severe claustrophobia, and
pregnancy.

As we present the patients included in our
survey, we have to underline 2 points: (1) in our
country, according to the national standards for
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treatment of rectal cancer, it is not obligatory for a
neoadjuvant radiotherapy (RT) to be prescribed, and
therefore the neoadjuvant modality is strictly indi-
vidualized; (2) we decided to include in our survey
only patients without neoadjuvant RT. Surgical
procedures for these patients were consistent with
anterior resection for rectal cancer or abdominal-
perineal resection. In 2 patients, anterior resection in
combination with sigmoidectomy was performed
because of the local progression of the carcinomas in
upper third of the rectum. Postoperative pathologic
examination reported adenocarcinoma in 68 cases,
carcinoid tumor in 1 case, stromal tumor (low grade)
in 1 case, and malignization of an adenoma in one
case.

RESULTS

Three-Dimensional ERUS

A Brüel & Kjær ultrasound system (Nærum, Den-
mark) with an endoluminal biplane broadband
multi-frequency probe was applied. The frequencies
of the linear array ranged from 5.5 to 10 MHz, and
the frequencies of the convex array ranged from 6 to
16 MHz. Three-dimensional ERUS was used to
observe the location, size, and morphology of the
lesion, the degree of tumoral invasion of the rectal
wall, the relationship between the lesion and the
perirectal organs, and the extent of perirectal
lymphadenopathy. ERUS was performed preopera-
tively and was interpreted by one ultrasonographer
with experience in endorectal ultrasonography.

The depth of transmural tumor invasion was
assessed according to the tumor–node–metastasis
(TNM) classifications for both 3-D ERUS and
histopathologic examinations, and the results were
compared prospectively. The ultrasonographic stag-
ing of rectal cancer is as follows: uT1, tumor is
limited to 3 layers, and the submucosa is intact; uT2,
tumor invades the muscularis propria but does not
reach the serosa; uT3, tumor invades the rectal
serosa and peripheral tissues; uT4, tumor invades
adjacent organs and tissues; uN0, no lymph node

metastasis or obvious lymph nodes are noted
around the rectum, or the lymph node diameter is
,5 mm; uN1, lymph node metastasis and the lymph
node diameter is �5 mm.

Routine pathologic examination

Immediately after surgery, resected specimens were
opened on the side opposite the tumor and fixed in
10% formalin. After fixation, we obtained serial
slices through the whole tumor in Tis–T2 cases or
through more than 2 sections of the deepest part of
the tumor in T3 or T4 cases. The slices were
embedded in paraffin, sectioned, and examined
histologically after hematoxylin and eosin (H&E)
staining. The resected specimens were morpholog-
ically examined by a pathologist. Pathologic T
category was identified according to the TNM Rectal
Cancer Staging System.

Statistics

The data were expressed as mean 6 SD, and the
count data were presented as a percentage propor-
tion. The diagnostic accuracy, sensitivity, and spec-
ificity of biplane ERUS in the uT staging of rectal
cancer were calculated in accordance with the
postoperative pathologic results (the latter were
considered the gold standard). SPSS 11.0 (IBM
Corporation, Armonk, New York, USA) was used
to evaluate all data. The j identity test was applied,
and a P value ,0.05 was considered to be
statistically significant.

Results after 3-D ERUS

The morphology of most tumors on ERUS was
irregular, with uneven hypoechoic signals inside the
tumor and multiple microcalcifications observed in
some areas. Tumoral invasion of various layers of
the rectal wall was observed. Since malignant
tumors characteristically invade along blood ves-
sels, CDFI blood flow distribution can identify the
depth of infiltration of the tumor within the rectal

Table 1 Comparison of 3-D ultrasound and postoperative examination according to T Color Doppler Flow Imaging

US staging

Postoperative pathologic staging, n

Overstage UnderstagepT1 pT2 pT3 pT4 Total

uT1 13 1 14 7.6%
uT2 1 27 1 29 3.4% 3.4%
uT3 1 22 23 4.1%
uT4 1 4 5 20%
Total 14 29 24 4 71 2.75% 6.87%
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wall. Hypervascularity was noted within each
tumor, and the arterial blood flow was high
impedance [resistive index (RI) ¼ 0.75 6 0.08].
Enlarged perirectal lymph nodes were found in 19
cases, with diameters ranging from 3.6 to 11.5 mm
(mean, 8.4 6 0.7 mm).

Staging of rectal cancer with 3-D ERUS

Detailed results of the ERUS staging are listed in
Table 1. Findings from histopathologic examinations
served as the reference standards. Using 3-D ERUS,
uT1 was found in 14 cases (Fig. 1), uT2 in 29 cases
(Fig. 2), uT3 in 24 cases (Fig. 3), and uT4 in 4 cases
(Fig. 4). Three-dimensional ERUS staging agreed

with the histologic staging in 66 of the 71 (93%)

patients, and the agreement on the depth of

transmural invasion was good (j ¼ 0.73; 95% CI,

0.60–0.86, P ¼ 0.000). Accuracy rate, sensitivity,

specificity, positive predictive value, and negative

predictive value for detection of T1 to T4 categories

are shown in Table 2. In one case, a staging error was

encountered at T1 (7.6%), and it was overstaged; at

T2, one case (3.4%) was overstaged, and one case

(3.4%) was understaged; at T3, one case (4.1%) was

understaged; and at T4, one case (20%) was under-

staged. Histologic review of the specimens revealed

Fig. 1 Three-dimensional ERUS of T1 rectal cancer. The arrows

show the penetration of the tumor through the lamina propria

and muscularis mucosa layers in the submucosal layer.

Fig. 2 Three-dimensional ERUS of T2 rectal cancer. The arrows

show the penetration of the tumor through the muscularis

propria layer.

Fig. 3 Three-dimensional ERUS of T3 rectal cancer. The arrows

show the penetration of the tumor through the serosal layer.

Fig. 4 Three-dimensional ERUS of T4 rectal cancer. The arrows

show the penetration of the tumor in the adjacent organ, the

prostate.
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that in the total overstaged cases (2.75%), the tumor
invaded close to the deeper uninvolved layer, and
reactive changes were present in the connective
tissue around the tumor including inflammation.
Histologic review of understaged cases (6.87%)
indicated that they had only microscopic invasion
beyond the estimated layers and that reactive
changes of the connective tissue around the tumor
were slight or absent.

The metastatic status of the lymph nodes was
determined with a sensitivity of 79.1% (19 of 24),
specificity of 91.4% (43 of 47), and diagnostic
accuracy of 87.3% (62 of 71).

Discussion

In a recent meta-analysis,23 it was found that ERUS
was the most accurate modality when compared
with CT and MRI for evaluation of local invasion of
rectal cancer. However, the accuracy of ERUS
examination could be better for N category with
numbers between 60% and 80%.23 The introduction
and adoption of 3-D ERUS is an option to increase
the results from this easy, inexpensive, and effective
diagnostic modality.24

In the current study, the T category on 3-D ERUS
correlated with histopathology in 66 of 71 patients
(92.9%). The N category on 3-D ERUS correlated
with histopathology in 40 of 49 patients (81.6%). Our
finding was in concordance with most findings in
the literature.19,23

Our results demonstrated that with the reference
standards of outcomes from histopathology, detec-
tion sensitivities of rectal cancer with 3-D ERUS
were as shown in Table 2. Patients with T1 tumors
were overstaged twice as often compared with T2
(7.6% versus 3.4%), and more T4 disease was
understaged than T3 (20% versus 4.1%). The results
of three-dimensional ERUS for T-category for T1, T2,
T3 and T4 were 92.8%, 93.1%, 91.6% and 100%,
respectively. The T3-patients had the worst results,
as confirmed by Ren et al.24 The total overstaged
cases were 2.75% and the understaged cases were

6.75%. Specificity of 3-D ERUS categorizing from T1
to T4 was almost equal. Our results revealed that 3-
D ERUS enabled distinction between early and
advanced rectal lesions, and this technique seemed
to be more precise in distinguishing between T1 and
T2; differentiation between T3 and T4 lesions
remained reliable. The results regarding N category
remain challenging but are comparable in the
literature. The main challenge in proper staging of
lymph nodes remains that potentially up to 20% of
small nodes could be malignant.2 Massari et al25

found that overall accuracy by ERUS in staging the
depth of infiltration was 90.7%. Overstaging oc-
curred in 4% of the patients, whereas understaging
occurred in 5.3%. In staging lymph node involve-
ment, overall accuracy was 76%, sensitivity was
69.8%, and specificity was 84.4%. These findings
were comparable with our results.

Conclusions

Three-dimensional ERUS provides better visual
images (even better than those of MRI) of the tumor
volume and spatial relations to the adjacent organs
and structures, which leads to better diagnostic
accuracy than MRI and standard ERUS. The
introduction and adoption of 3-D ERUS is an option
to optimize results using this easy, inexpensive, and
effective diagnostic modality. The most important
feature of this upgraded modality is the ability to
reduce interpreter errors and offer potential predic-
tive value. The reported data lead to the opinion that
3-D ERUS combines the high-resolution images of
the rectal wall and the cost-effectiveness of standard
ERUS with the multiplanar and stereoscopic imag-
ing capabilities of MRI. The results from our study
and the literature review show that 3-D ERUS is the
diagnostic modality of choice in staging of cancer
penetration in the rectal wall.

Three-dimensional ERUS may be the future
premier imaging modality used in rectal cancer
management.

Table 2 Statistical results from 3-D ERUS in patients with rectal cancer

pT1 pT2 pT3 pT4

Accuracy 69/71 (97.1%) 67/71 (94.3%) 68/71 (95.7%) 70/71 (98.5%)
Sensitivity 13/14 (92.8%) 27/29 (93.1%) 22/24 (91.6%) 4/4 (100%)
Specificity 56/57 (98.2%) 40/42 (95.4%) 45/46 (97.8%) 66/67 (98.5%)
Positive predictive value 13/14 (92.8%) 27/29 (93.1%) 23/24 (95.8%) 4/5 (80%)
Negative predictive value 56/57 (98.2%) 40/42 (95.4%) 45/47 (95.7%) 67/67 (100%)
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