Surgical Laparoscopy & Endoscopy

Vol. 8. No. 6. pp

. 438444

© 1998 Lippincott Williams & Wilkins. Philadelphia

Milena Massari, M.D., Matilde De Simone, M.D., Ugo Cioffi, M.D., Lorenzo Rosso, M.D.,

Value and Limits of Endorectal Ultrasonography for

Preoperative Staging of Rectal Carcinoma

Marco Chiarelli, M.D., and Francesco Gabrielli, M.D.

Summary: In rectal cancer, the depth of tumor infiltration and metastatic involvement
of lymph nodes are important prognostic factors. Endosonography of the rectum,
combining the advantages of both endoscopy and sonography, provides information
not available from other imaging diagnostic techniques. From January 1989 to De-
cember 1997, 85 patients affected by rectal carcinoma were submitted to preoperative
evaluation with endorectal ultrasonography. In 75 cases the results obtained with the
endosonography were compared to the histology of the resected specimens. Overall
accuracy in staging depth of infiltration was 90.7%. Overstaging occurred in 4% of
patients, whereas understaging occurred in 5.3%. In staging lymph nodal involvement,
overall accuracy was 76%, sensitivity was 69.8%, specificity was 84.4%, positive
predictive value was 85.7%, and negative predictive value was 67.5%. Endorectal
ultrasound is a safe and accurate diagnostic method for staging both tumor invasion
and lymph node metastatic involvement, and for selecting an appropriate surgical
strategy in patients affected by rectal cancer. Key Words: Rectal cancer—

Preoperative staging—Endorectal ultrasonography.

Once a diagnosis of rectal carcinoma is made, the
surgeon must correctly stage wall infiltration and nodal
involvement in order to select the best surgical manage-
ment and to predict the prognosis for the patient.

Digital examination, first codified by Mason (1) and
later simplified by Nicholls and colleagues (2), is the
easiest method for staging rectal carcinoma. Unfortu-
nately, even when performed by experienced investiga-
tors, the extent of tumor invasion can be predicted in
only 40% to 80% of cases (1-5). This explains the in-
terest of surgeons in the development of instruments that
compensate for the limits of clinical evaluation of rectal
cancer. The diagnostic imaging methods used to stage
rectal cancer are computed tomography (CT), and more
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recently, magnetic resonance imaging (MRI), and endo-
scopic ultrasonography (EUS).

MATERIALS AND METHODS

From January 1989 to December 1997, preoperative
evaluation by EUS was performed on 85 patients with
rectal carcinoma. There were 45 men and 40 women with
a median age of 61 years (range, 51-86 years). In 75
cases the results obtained by EUS were compared with
the histology of the resected specimens. Ten patients
affected by rectal carcinoma were excluded from the
study because of the presence of distant metastases. Pa-
tients with a stenotic tumor were excluded because a
correct ultrasonographic evaluation was impossible.

All examinations were performed by an endoscopist in
collaboration with an echographist using an Olympus
instrument GF-EUM3 with 7.5-12 MHz echoprobe
(Optical Co. Ltd.—Aloka Ltd., Tokyo, Japan). The patient
was placed in the Sims’ position and the echoendoscope
was inserted in the rectum. In the absence of severe
stenosis the instrument was passed through the lesion
up to its distal part. By slowly retracting the ro-
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tating probe any alterations of the rectal wall and peri-
rectal structures were visualized.

Wall infiltration by rectal cancer was classified in 4
stages (6): (a) uT1, tumor confined to the mucosa and
submucosa (Fig. 1); (b) uT2, tumor infiltrating the mus-
cularis propria without penetrating the rectal wall (Fig.
2); (¢) uT3, tumor invading the perirectal fat (Fig. 3); and
(d) uT4, tumor infiltrating the surrounding organs
(Fig. 4).

Benign enlargement of lymph nodes was classified by
a hyperechoic pattern and indistinctly demarcated
boundaries. Metastatic involvement was considered pre-
sent in lymph nodes with hypoechoic inhomogeneous
pattern and clearly delineated boundaries.

RESULTS

Tumor infiltration depth (T parameter) was correctly
classified by EUS in 68 out of 75 patients; the overall
accuracy was 90.7% (Table 1). Overstaging occurred in
3 patients (4%): in 2 cases the histology of the resected
specimen showed a T2 lesion versus T3 by EUS; and in
1 case, a Tl tumor versus T3 by EUS. Understaging
occurred in 4 patients (5.3%): in 2 cases the histology
showed a T3 tumor versus T2 by EUS; and in 2 patients,
a T3 lesion versus T1 by EUS.

Perirectal inflammation, which may resemble tumor
infiltration, was the major cause of overstaging, whereas
understaging occurred in patients with tumor microinva-
sion. There was no difference in the overall accuracy in
relation to the size of the neoplasm and its distance from
the anal verge.

FIG. 1. EUS imaging of T1 tumor (arrows) infiltrating the mucosa and
submucosa.

FIG. 2. 12 tumor (arrows) infiltrating the muscularis propria.

Endoscopic ultrasonography staged nodal metastatic
involvement (N parameter) in 35 cases and absence of
nodal involvement in 40 patients. Histology of resected
specimens showed 30 true positive and 27 true negative;
a 5 false positive and 13 false negative result was ob-
tained. The overall accuracy in staging the N parameter
was 76%; sensitivity, 69.8%; specificity, 84.4%; predic-
tive positive value, 85.7%, and predictive negative value,
67.5% (Table 2).

In our series, overall accuracy was significantly worse
in staging lymph nodes with diameters smaller than
5 mm.

FIG. 3. T3 rectal carcinoma (arrows) invading the perirectal tat.
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F1G. 4. 14 neoplasm (arrows) inhitrating the seminal vesicle.

DISCUSSION

Outside of specialized colorectal units, the use of EUS
in the study of the rectal pathologies is not widespread
because there are still organizational and cost problems
associated with a lack of qualified medical staff.

T parameter staging

Several studies show the effectiveness of EUS in stag-
ing the T parameter in rectal carcinoma (Table 3). The
percentage of overstaged cases ranges from 4% to 12%,
whereas the percentage of understaged cases ranges from
1% to 9% (21,22,24,25).

Overstaging is usually due to:

1. Perineoplastic inflammation—in some cases in-
flammation around the tumor is significantly marked,
and it is not possible to distinguish the neoplastic from
the inflamed tissue (26-28);

2. Preoperative biopsy shows necrotic and hemor-
rhagic microfoci (28);

3. In preoperative radiotherapy edema around the tu-
mor makes it difficult to distinguish the normal wall
layers because the entire rectal wall becomes hy-
poechoic;

4. Fear of understaging the lesion (19).

Understaging, less frequent than overstaging, may oc-
cur for the following reasons:

1. Undetected presence of neoplastic microfoci (27);

2. In preoperative radiotherapy, necrotic and hemor-
rhagic microfoci with sclerosis lead to hyperechoic im-
ages (29-31);
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3. Presence of stenotic neoplasm which is difficult to
stage using the traditional linear or radial probes. The use
of probes with a forward viewing and, more recently,
instruments with other features such as a three-dimen-
sional image reconstruction, may improve the results
(32,33).

In evaluating EUS staging several factors must be con-
sidered:

1. Training of the physician. It has been demonstrated
that the diagnostic accuracy increases by at least 10% in
experienced hands (19);

2. Site of the neoplasm. Tumors of the lower third of
the rectum are examined less easily (diagnostic error of
about 16%) than tumors of the upper and middle third
(diagnostic error of about 6%) (22). Two reasons for this
are: (a) the use of rigid probes, and (b) several tumors of
the lower third of the rectum are located in the posterior
wall where the ultrasound waves are not able to penetrate
correctly (17,22);

3. Size of the neoplasm. A small mass is generally
examined more easily than a large one. However, if we
consider the modality of tumor growth, it appears that
diagnostic accuracy is greater in advanced neoplasms
with a prevalently intramural growth (T3-T4) (8,10,14,
15,17,19,20,34). The decreased diagnostic accuracy for
intramural neoplasms (T1-T2) is due to scanning diffi-
culties for uT2 tumors that in 30% of cases are already
uT3 tumors (18-20,34).

N parameter staging

The extent of pararectal lymph node involvement is a
considerable prognostic factor in rectal cancer. Because
of this there has been justifiable enthusiasm for the de-
velopment of diagnostic imaging techniques: lymphos-
cintigraphy (35), immunoscintigraphy (36), computed
tomography (CT) (37), and more recently, MRI and EUS
(38-40). The results obtained with these diagnostic mo-
dalities seem different (22), but it should be emphasized
that even with all these diagnostic techniques, the accu-
racy in N parameter staging is lower than in T parameter
staging (Table 4).

World literature shows that the diagnostic accuracy in
staging N parameter ranges from 61% to 82%.

The easiest criterion for the detection of lymph nodal
metastatic involvement is the nodal volume, which de-
fines suspicious lymph nodes as those with a major di-
ameter larger than 10-15 mm. In rectal surgery this cri-
terion is not completely correct because in 90% of op-
erated cases the involved lymph nodes have a major
diameter smaller than 10 mm; and in 60% of patients,
smaller than 5 mm (45).
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TABLE 1. Parietal infiltration in patients with rectal adenocarcinoma.
Histology compared with endoscopic ultrasonography

Histology Endoscopic ultrasonography
Parietal Number Number of correct
infiltration of cases diagnoses % Overstaging  Understaging
Tl 15 13 86.6 0 2
T2 18 16 88.8 0 2
T3 35 32 91.4 3 0
T4 7 7 100 0 0
Tx 10 — — — —

With EUS it is possible to detect small lymph nodes,
especially those located closer to the anal verge (27); the
accuracy in N parameter staging is about 80% for nodes
smaller than 5 mm, and about 90% for nodes larger than
5 mm (22).

In EUS additional factors must be considered as giv-
ing a higher index of suspicion for metastatic nodal in-
volvement (16,42,43):

1. If the node’s shape is round rather than oval (Fig. 5).

2. If the node’s margins are irregular and sharp (nodes
with indistinctly demarcated boundaries are suspicious
for inflammation).

3. If the node is hypoechoic and inhomogeneous (hy-
perechoic nodes are considered benign).

A transrectal ultrasound-guided nodal biopsy may
give further information about nodal status even if it is
not always technically easy to do (42,46,47).

Evaluation of distal intramural spread

The widening of sphincter saving operations in rectal
surgery has suggested to extend the use of EUS to study
the neoplastic distal intramural spread (10,15). Histology
of the resected specimens shows that the diagnostic ac-
curacy of EUS in detecting neoplastic distal intramural
spread is about 86%, with an underestimation of 8% and
overestimation of 5% (5). The major cause of error is due
to crushing the tumor with the water-filled latex balloon.

Follow-up after surgery
Endorectal ultrasonography is of great value in the
follow-up of patients operated on for rectal cancer in

TABLE 2. Preoperative staging with endoscopic
ultrasonography (EUS) in rectal adenocarcinoma (number of
patients = 75)

T parameter N parameter
EUS (%) (%)
Accuracy 90.5 76.0
Sensitivity 90.6 69.7
Specificity — 84.3
Predictive positive value — 85.7
Predictive negative value — 67.5

searching for an anastomotic recurrence (48-53). After
surgical resection, the rectal wall preserves the normal
echographic layers; the anastomosis appears as a crenate
aspect for scar fibrosis, whereas a stapled anastomosis
gives small shadow cones obstructing normal ultrasound
penetration.

In EUS, local recurrence appears as an anastomotic
hypoechoic inhomogeneous mass with irregular margins
(52). The diagnostic accuracy is about 90% with a posi-
tive predictive value greater than 85% (48-53). Endo-
rectal ultrasonography permits the detection of 15%-
25% more local recurrences than can be obtained by
endoscopic examination alone (49,53).

Comparison with CT and MRI

Endorectal ultrasonography is considered superior to
CT both in tumor staging and in the follow-up of patients
affected by rectal carcinoma (22,24,54-56). Overstaging
is the most frequent error of CT; in fact, the major limi-
tation of this diagnostic method is in distinguishing in-

TABLE 3. Results of endoscopic ultrasonography (EUS)
in staging of rectal carcinoma (T parameter): analysis of
the literature

Rectal carcinoma EUS accuracy

Author Year (number of cases) (%)
Beynon (7) 1986 67 91
Saitoh (8) 1986 88 93
Accarpio (9) 1987 54 94
Di Candio (10) 1987 55 92
Hildebrandt (11) 1988 98 89
Holdsworth (12) 1988 36 86
Prevost (13) 1988 20 85
Rifkin (14) 1989 102 71
Dershaw (15) 1990 32 75
Glaser (16) 1990 86 88
Jochem (17) 1990 50 80
Milsom (18) 1990 52 84
Orrom (19) 1990 77 75
Tio (20) 1991 61 85
Katsura (21) 1992 120 92
Herzog (22) 1993 118 89
Scialpi (23) 1993 35 94
Deen (24) 1995 209 82
Fedyaev (25) 1995 132 91
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TABLE 4. Results of endoscopic ultrasonography in staging
of rectal carcinoma (N parameter): analysis of the literature

TABLE 5. Comparison between CT and EUS in staging of
rectal carcinoma (T parameter): analvsis of the literature

Number of Accuracy

Author Year cases (%)
Saitoh (8) 1986 88 75
Di Candio (10) 1987 55 74
Detry (41) 1988 28 67
Holdsworth (12) 1988 36 61
Prevost (13) 1988 20 64
Beynon (42) 1989 95 83
Rifkin (14) 1989 102 81
Glaser (16) 1990 73 79
Hildebrandt (43) 1990 113 79
Hinder (44) 1990 20 80
Jochem (17) 1990 39 72
Orrom (19) 1990 77 82
Herzog (22) 1993 111 80
Scialpi (23) 1993 35 74

tramural masses (T1 from T2). It is, however, better in
detecting infiltration into perirectal fat and neighboring
structures (22). T parameter detection is better by EUS
than CT (Table 5).

Regarding N parameter, since CT detects only lymph
nodes greater than 1 cm, the superiority of EUS appears
even more evident (EUS has diagnostic accuracy of 83%,
sensitivity of 88%, and specificity of 89% versus CT’s
57%, 25%, and 91%, respectively) (42). Even in follow-
up after surgery, EUS seems superior to CT (8, 49),
because CT can detect only those recurrences with di-
ameters greater than 2 cm. Furthermore, CT has diffi-
culty in differentiating the mass from scar perianasto-
motic areas.

Similar comparisons can be made between EUS and
MRI (57). The former appears superior to the latter in T

FIG. 5. EUS image showing a metastatic lymph node (arrows) in
patient with rectal carcinoma
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Diagnostic accuracy (%)

Author Year CT EUS
Romano (54) 1985 90 90
Beynon (7) 1986 79 91
Kramann (56) 1986 75 93
Holdsworth (12) 1988 86 94
Rifkin (14) 1989 53 56
Herzog (22) 1993 75 91

parameter staging (diagnostic accuracy of 83% for EUS
versus 40% for MRI) and excels in the ability to detect
T1 and T2 tumors. In N parameter staging, EUS and MR
seem to give similar results (40). Even better results are
given by endorectal magnetic resonance (EMR). Particu-
larly, EMR seems slightly better in detecting local recur-
rence in patients operated on for rectal cancer (diagnostic
accuracy 93%, predictive positive value 90%, and pre-
dictive negative value 100% for EMR versus 93%, 86%,
and 100% for EUS, respectively) (38—40). Lower cost
and shorter examination time are the major advantages of
EUS in comparison with EMR; on the other hand, EMR
is not linked to the experience of the investigator.

Usefulness of EUS staging to the surgeon

The standard operation to remove tumors of the upper
and middle third of the rectum is the anterior resection,
because the correct excision of the mesorectum allows an
oncologically radical resection. Nevertheless local recur-
rence of T3 and T4 rectal carcinoma is high (25%-30%),
and about one third of T4 carcinomas are surgically un-
resectable (32). Therefore, a multidisciplinary approach
is recommended for advanced rectal carcinomas. Former
treatment was based on radiotherapy, however, now
treatment is based on neoadjuvant radiochemotherapy.
This seems to be more effective in reducing local recur-
rences, in increasing the survival rate, and, in the case of
lower rectum cancer growths, in increasing the number
of sphincter-saving operations. Because of this, many
carcinomas previously considered surgically unresect-
able now can be removed after radiochemotherapy.
Therefore, accurate preoperative staging is necessary to
separate patients who are candidates for surgical treat-
ment from patients who first must be treated successfully
by a neoadjuvant therapy.

At present, surgery for carcinomas of the lower third
of the rectum is not limited to the abdomino-perineal
excision. Intramural lesions (T1 NO) can be treated ef-
fectively by a transanal excision, even if local excision is
possible in <15% of cases. In several patients with lower
rectal carcinoma, the anterior resection with coloanal



ENDORECTAL ULTRASONOGRAPHY AND STAGING OF RECTAL CARCINOMA 443

anastomosis may give the same radicality as the rectal ex-
cision. Since the indications for a conservative operation
have been extended, it is necessary to investigate with great
accuracy the intramural spread and the anal sphincters
(easily identified by EUS) for a correct choice of therapy.

Recently, a therapeutic algorithm has been proposed,
conditioned by a preoperative EUS (58-60). For the up-
per and middle third of the rectum uT1-T2 carcinomas
can be treated by anterior resection, whereas uT3 carci-
nomas always require total excision of the mesorectum
with coloanal anastomosis. For the lower third of the
rectum uT] carcinomas can be removed surgically by a
transanal approach, uT2 tumors can be treated by ante-
rior resection with coloanal anastomosis, and uT3 carci-
nomas, by abdominoperineal excision.

With recent advances in minimally invasive surgery a
new algorithm has been formulated: uT1 tumors can be
treated by endoscopic transanal microsurgery, uT2 neo-
plasms can be treated by laparoscopic surgery with a
correct lymphadenectomy, and uT3 tumors must always
be operated by laparotomic approach.

In conclusion, we believe that recent advances in im-
aging diagnostic modalities, such as EUS, offer the sur-
geon a more accurate preoperative staging and are es-
sential to the selection of an appropriate therapeutic strat-
egy for patients affected by endorectal carcinoma.
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