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Objective
To investigate the value of colonoscopic miniprobe ultra-
sonography for preoperative staging of colorectal neoplasms.

Summary Background Data
Endoscopic ultrasonography is the most accurate technique
for staging colorectal cancer. However, limitations of this
technique include the inability to examine stenotic tumors and
the difficulty of reaching tumors proximal to the rectum.

Methods
Miniprobe ultrasonography (12.5 MHz) was performed in 63
patients with tumors of the colon or rectum. The results of
imaging were compared with endoscopic assessment of the
lesions and histopathologic findings of the resected specimens.

Results
Miniprobe ultrasonography allowed high-resolution imaging of
colorectal tumors during routine colonoscopy. The infiltration

depth was correctly classified in 22 adenoma, 3 T1, 10 T2,
and 22 T3 or T4 tumors. The accuracy for tumors of the rec-
tum and colon was 86% and 92%, respectively (overall accu-
racy 90%). The small diameter of the probe allowed examina-
tion of 21 stenotic tumors with an accuracy of 86%.
Miniprobe ultrasonography revealed carcinoma in 5 of 30
broad-based polyps, although adenomas were diagnosed by
endoscopy. Correct assessment of lymph node involvement
was obtained in 47 of 55 patients. Based on the findings of
miniprobe ultrasonography, management was modified in 7 of
the 63 patients.

Conclusions
These preliminary results show that miniprobe ultrasonogra-
phy improves preoperative staging of stenotic rectal cancer
and colonic tumors. This technique can be easily performed
during routine colonoscopy and may have considerable im-
pact on surgical therapy.

The preoperative staging and treatment planning of rectal
cancer have been significantly improved by endoscopic
ultrasonography (EUS). This technique enables us to eval-
uate locoregional tumor spread accurately and provides the
criteria to select the appropriate surgical approach. Depend-
ing on the tumor stage, different treatment concepts, includ-
ing local excision, radical resection, and multimodality ther-
apy, are available for rectal cancer.1–3

In the past few years, minimally invasive procedures such
as endoscopic and laparoscopic resection have been increas-
ingly used in the management of colorectal tumors. None-
theless, there is considerable controversy among surgeons
regarding the appropriateness of such procedures for the

management of colon cancer.4 A sensitive technique for
preoperative staging of colon cancer could improve the
selection of patients who can be treated effectively by
minimally invasive techniques.

However, EUS of the colon has not yet found broad
clinical acceptance because of technical drawbacks. Ultra-
sound colonoscopes are difficult to maneuver and cannot be
passed over tight strictures because of the rigidity and the
large diameter of the tip.5 Therefore, EUS of the colon is
performed as a separate procedure after diagnostic endos-
copy, which makes the examination expensive, time-con-
suming, and uncomfortable for the patient.

Recently, miniaturized ultrasound probes (miniprobes) have
been developed that can be introduced through the instrument
channel of the endoscope. This technique could resolve most
of the problems encountered with conventional EUS.

The aim of the present study was to examine the accuracy
of miniprobe ultrasonography in the preoperative staging of

Correspondence: Peter M. Schlag, MD, PhD, Dept. of Surgery and Surgical
Oncology, Robert Ro¨ssle Klinik, Humboldt University, 13122 Berlin,
Germany.

Accepted for publication December 22, 1999.

ANNALS OF SURGERY
Vol. 232, No. 1, 46–50
© 2000Lippincott Williams & Wilkins, Inc.

46



colorectal cancer and to determine the relevance of this
technique for making therapeutic decisions.

METHODS

Miniprobe EUS was performed in 63 consecutive patients
with broad-based polyps or adenocarcinoma of the colon or
rectum. The tumors were located in the right hemicolon
(n 5 5), transverse colon (n5 4), left hemicolon (n5 40),
and rectum (n5 14). Most rectal tumors were inaccessible
to conventional EUS because of stenosis or proximal loca-
tion. The patient group comprised 35 men and 28 women
with a mean age of 62 years (range 35–87 years). All
patients underwent surgical resection of the tumor (n5 47)
or endoscopic snare resection (n5 16). The results of
miniprobe EUS were compared with endoscopic assessment
(malignant vs. benign) and histopathology of the resection
specimens.

Miniprobe EUS of colorectal tumors was carried out
during routine colonoscopy using ultrathin probes with a
diameter of 6F (Endosound; Boston Scientific, Watertown,
MA) and a B&K ultrasound unit (Bruel & Kjaer 3553,
Gentofte, Denmark). The 12.5-MHz transducer of the me-
chanical probe provided 360° images of the intestinal wall.
All examinations were performed by two experienced sur-
geons using the following technique. The patient underwent
colonoscopy in a conventional fashion. Premedication with
5 mg midazolam was administered intravenously if re-
quired. When a broad-based polyp or a carcinoma was seen
at colonoscopy, EUS was performed to determine the infil-
tration depth and lymph node status of the tumor. The tip of
the endoscope was placed at the distal end of the tumor. The
lumen was filled with 200 to 300 mL water to achieve
acoustic coupling between the transducer and the intestinal
wall. Subsequently, the miniprobe was introduced through the
instrument channel of the colonoscope and advanced beyond
the tumor. The lesion was assessed by real-time ultrasonogra-
phy while the catheter was moved over the tumor region.
Based on the results of miniprobe EUS, the patient underwent
endoscopic or standard surgical resection of the tumor.

Staging Criteria

The tumor infiltration depth was determined according to
the TNM classification of the UICC. Lesions confined to the
inner hypoechoic layer (mucosa) were classified as ade-
noma (uT0). Tumors with infiltration of the middle hypere-
choic layer were assessed as T1 carcinoma. T2 or T3 tumors
were diagnosed when penetration in the outer hypoechoic
layer (muscularis propria) or in the peripheral echogenic
layer (serosa or adventitia) was observed. Penetration of the
tumor through the serosa into the free peritoneal cavity or
infiltration of adjacent structures indicated a T4 situation.

The criteria for the diagnosis of metastatic lymph node
involvement were low echogenicity, clearly defined bound-
aries, round shape, and size of more than 1 cm. The en-

dosonographic diagnosis was compared with the histopatho-
logic analysis of the resection specimens. The median
number of dissected lymph nodes with radical surgery was
18. Information on the lymph node status was not available
in eight patients who underwent transanal excision of early
rectal cancer.

RESULTS

Miniprobe EUS was successfully performed in all 63
patients with colorectal adenoma or adenocarcinoma. The
12.5-MHz transducer of the miniprobe provided high-reso-
lution images of the colorectal wall and adjacent tissues.
The normal wall of the colon and rectum was displayed in
five layers (Fig. 1). The first hyperechoic layer represents
the interface between water and mucosa. The second hypo-
echoic layer corresponds to the mucosa. The submucosa is
depicted as the middle hyperechoic layer, whereas the mus-
cularis propria appears as the outer layer with low echoge-
nicity. Adventitia or serosa was sometimes displayed as a
fifth bright layer.

The depth of invasion was correctly determined in 57 of
63 patients with colorectal tumors (overall accuracy 90%).
The detailed results are shown in Table 1. Overestimation of
tumor invasion was observed in four patients. Understaging
occurred in two patients with T3 tumors. Two of the mis-
diagnosed tumors were located in the rectum and four in the
left hemicolon.

Obstructing tumors that could not be traversed by the
endoscope were found in 21 of the 63 patients (33%).
Despite the stenosis, it was in all cases possible to advance
the miniprobe over the tumor (Fig. 2). The tumor infiltration
depth was correctly staged in 18 of 21 stenotic tumors
(accuracy 86%). Histopathologic analysis of the resection
specimens showed overstaging of a pT2 tumor. Understag-
ing was observed in an advanced case with infiltration of the
abdominal wall and a pT3 carcinoma. The accuracy of

Figure 1. Miniprobe ultrasonography of the colon. All layers of the
wall—mucosa (M), submucosa (S), and muscularis propria (P)—can be
differentiated (i, interface between water and mucosa).

Vol. 232 ● No. 1 Miniprobe Ultrasonography of Colorectal Neoplasms 47



miniprobe EUS in assessing the infiltration depth of rectal
and colonic tumors was 86% and 92%, respectively.

The accuracy of EUS in predicting lymph node involve-
ment was 85%. Lymph node metastases were diagnosed in
6 of 12 patients. The absence of lymph node metastases was
demonstrated in 41 of 43 patients (Table 2).

Miniprobe scanning was very accurate in the diagnosis of
broad-based polyps of the rectum and colon (Table 3).
Benign and malignant lesions were correctly classified in 29
of 30 patients (97%). Carcinoma with infiltration of the
submucosa was identified in five patients, although endos-
copy or biopsy had suggested a benign adenoma (Fig. 3).
The infiltration depth was overestimated in an adenoma
with severe dysplasia that was classified as T1 carcinoma.

DISCUSSION

Endoscopic ultrasonography is the most sensitive tech-
nique for the preoperative staging of colorectal cancer.6–8

However, one major limitation of conventional transrectal
EUS with rigid probes is the inability to examine stenotic
tumors.9 Moreover, EUS of the colon is far from being a
routine procedure for the evaluation of colon cancer because
of the technical limitations of ultrasound colonoscopes. The
impact of this technique on therapy planning in colon cancer
remains unclear.

We prospectively examined the value of colonoscopic
miniprobe ultrasonography in 63 patients with colorectal
tumors. Miniprobe EUS improved the preoperative evalua-
tion of lesions in the proximal colon and stenotic colorectal

cancer. The 12.5-MHz transducer of the miniprobe enabled
high-resolution imaging of colorectal tumors during routine
colonoscopy. The overall accuracy of miniprobe EUS in
assessing the infiltration depth of colorectal tumors was
90%. There was no significant difference in the accuracy of
EUS whether the tumor was located in the rectum or colon.
The lymph node status was correctly predicted in 85% of
cases. These results are comparable to the figures reported
for ultrasound colonoscopes.10

There is limited experience with miniprobe EUS in colo-
rectal cancer.11–14 Hamada et al14 performed miniprobe
EUS in 33 patients with colorectal cancer using a 15-MHz
miniprobe. The accuracy of the miniprobe for the depth of
invasion and the nodal status was 82% and 87%, respec-
tively. The number of patients with positive lymph nodes in
this and our study was limited and may not yet allow valid
assessment of lymph node staging with miniprobes. How-
ever, it has already been shown that miniprobe ultrasonog-
raphy permits accurate evaluation of lymph node involve-
ment in esophageal and gastric cancer.15,16Nonetheless, the
penetration depth of the miniprobes and the inability to per-
form fine-needle aspiration of suspicious nodes may be critical
for the diagnosis of metastatic lymph node involvement.

In our experience, miniprobe EUS proved to be particu-
larly valuable for staging stenotic rectal tumors that were
not accessible to conventional probes. Correct assessment
of the infiltration depth was obtained in 86% of cases. In
most patients, EUS demonstrated advanced carcinomas. In
some centers, preoperative radiochemotherapy is performed
to improve resectability and local tumor control in patients
with advanced rectal cancer (Dukes’ C), although no overall
survival benefit has been proven.17,18 It has been demon-
strated that obstruction is not necessarily associated with
advanced tumor stage and poor prognosis.19 Accurate stag-
ing is therefore crucial to select patients for trials evaluating
neoadjuvant treatment. Miniprobe EUS could help to vali-
date the therapeutic approach in obstructing rectal tumors.

One problem in the staging of advanced colon cancer was
the differentiation of T3 and T4 tumors. Most advanced
tumors were accurately visualized with miniprobe EUS.

Table 2. CORRELATION BETWEEN
PREOPERATIVE ENDOSCOPIC

ULTRASOUND (uN) AND
HISTOPATHOLOGY (pN) OF LYMPH

NODES WITH COLORECTAL CANCER

pN0 pN1

uN0 41 6
uN1 2 6

Table 3. ASSESSMENT OF POLYPOID
COLORECTAL TUMORS BY ENDOSCOPY,

BIOPSY, AND MINIPROBE

Endoscopy Biopsy Miniprobe

Benign/malignant 20/10 22/8 19/11
Correct diagnosis* 24 28 29
Overstaging 3 0 1
Understaging 3 2 0
Accuracy 80% 93% 97%
Positive predictive value 70% 100% 91%
Negative predictive value 85% 90% 100%

n 5 30.
* Versus the resection specimen.

Table 1. CORRELATION BETWEEN
PREOPERATIVE ENDOSCOPIC

ULTRASOUND (uT) AND
HISTOPATHOLOGY (pT)

pT0 pT1 pT2 pT3/4

uT0 22
uT1 2 3
uT2 1 10 2
uT3/4 1 22

n 5 63; accuracy 5 90%.
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However, it proved difficult to distinguish penetration into
the free peritoneal cavity (T4) from penetration into the
mesocolon (T3), because both are associated with a com-
plete disruption of the wall layers and irregular outer bor-
ders. We have therefore combined both categories into one
group. Retrospectively, T4 tumors could have been cor-
rectly diagnosed in eight of nine patients in whom EUS
showed circular infiltration of the colon.

Miniprobe EUS could be valuable for minimally invasive
surgery of colon tumors. Laparoscopic surgery is safe, ef-
fective, and possibly even beneficial for many benign con-
ditions, such as colorectal polyps. However, there is ongo-
ing controversy over laparoscopic resection of colorectal
cancer, because some cases of port site metastases have
been reported.20–22 Several mechanisms, including direct
contamination, intraabdominal tumor cell spilling, and ef-
fects of the CO2 pneumoperitoneum, have been discussed in
the literature.23 The true incidence and the exact pathogen-
esis of port site metastases are still unknown. However,
there is evidence of an increased risk of port site metastases
in carcinomas with penetration through the serosa.24 Wex-

ner and Cohen25 have calculated a risk of 4% port site
recurrences for all stages of colorectal cancer and 21% for
Dukes’ B and C tumors.

Our results and those of other published studies show that
EUS can differentiate between early colorectal carcinoma
(T1/2) and advanced cancer (T3/4). Consequently, preoper-
ative miniprobe EUS may influence the decision to perform
laparoscopic colectomy. Moreover, it has recently been
suggested that the extent of laparoscopic lymph node dis-
section can be modified according to the tumor stage. Hida
et al26 analyzed the distribution of lymph node metastases in
164 patients with colorectal cancer and concluded that cen-
tral lymph node dissection may not be required in patients
with T1 carcinoma. However, dissection of the intermediate
and main lymph nodes should be performed in T2 tumors
and more advanced tumors.

Many surgeons believe that endoscopic treatment of
broad-based adenoma is inappropriate because occult can-
cer may be found in approximately 30% of the specimens.27,28

Despite apparently complete snare resection, local recurrence,
lymph node metastases, or both can be observed in 10% to

Figure 2. (A) Endoscopic view of
the miniprobe and a stenotic carci-
noma of the rectum. (B) Endo-
scopic ultrasound demonstrates a
T3 tumor with infiltration of all layers
of the rectum wall and penetration
into the perirectal fat (arrows).

Figure 3. (A) Endoscopic view of a
broad-based polyp of the colon. (B)
Miniprobe ultrasonography shows
infiltration of the submucosa (arrow)
(M, mucosa; S, submucosa; P,
muscularis propria).
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20% of the patients.29,30A reliable method for detecting inva-
sive cancer is therefore essential to avoid inadequate endo-
scopic treatment of broad-based polyps with carcinoma.

Hizawa et al31 performed EUS in 60 patients with colo-
rectal tumors confined to the mucosa or submucosa using a
flexible colonoscope (7.5 MHz). The accuracy for the de-
tection of early cancer was only 77%. In our experience
with a 12.5-MHz miniprobe, a correct diagnosis was ob-
tained in 97% of the broad-based polyps. Notably, EUS
revealed carcinoma in two patients, although endoscopic
biopsy had suggested adenoma with dysplasia. The com-
bined accuracy of EUS and biopsy in the detection of
invasive carcinoma was 100%.

Miniprobe ultrasonography had a considerable impact on
therapy. Endoscopic resection of broad-based polyps was
abandoned in 5 of the 63 patients because infiltration of the
submucosa or muscularis propria was detected. As a con-
sequence, the patients underwent conventional surgery, and
the diagnosis was confirmed in the resection specimens.

CONCLUSION

Miniprobe ultrasonography can be easily performed dur-
ing routine colonoscopy without additional discomfort for
the patient. This technique permits high-resolution imaging
of colorectal lesions. Preoperative evaluation of stenotic
rectal cancer and broad-based polyps of the colon with
miniprobes could improve planning of minimally invasive
surgery. This technique may become a routine examination
in the preoperative evaluation of colorectal neoplasms. It is
well known that EUS is operator-dependent, and the proce-
dure involves a significant learning curve. Our preliminary
experience with miniprobes shows that this technique holds
promise for the preoperative staging of colorectal cancer,
but further studies will be required to define the exact role
of this technique.
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