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PURPOSE: Radial transrectal ultrasound is the most
frequently used method for preoperative staging of rectal
cancer. Accuracy rates of transrectal ultrasound have
fallen significantly to 64% and 70% for tumor and node
staging, respectively. The use of a frontal probe may
overcome the drawbacks of radial transrectal ultrasound.
This study was designed to compare the accuracy of
frontal transrectal ultrasound performed with a frontal
probe with the classic procedure, which uses a radial
probe, in the preoperative T and N staging of rectal
cancer.

METHODS: Seventy-four patients with rectal
adenocarcinoma underwent both techniques. Thirty
patients had a neoadjuvant treatment. The staging
accuracy of both methods was determined by comparing
the results of each with the findings of surgical
histopathologic evaluation.

RESULTS: Forty-six men and 28 women were recruited.
Frontal transrectal ultrasound was performed in all
patients. Staging was amenable in only 58 patients with
the radial transrectal ultrasound because the tumors were
either stenotic or too proximal. Frontal transrectal
ultrasound was accurate in the T staging of 89% of the
tumors, whereas radial transrectal ultrasound was
accurate in only 69% (P = 0.004). The difference was
even more significant when we compared accuracy
among the 58 patients in whom both examinations were
completed (P = 0.002). Both methods had similar
accuracy for lymph node staging. Neoadjuvant treatment
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had no influence on accuracy. No overstaging of the
tumor occurred with the frontal transrectal ultrasound.
Understaging was more frequently encountered with
radial transrectal ultrasound than with frontal transrectal
ultrasound (26% vs. 11%, respectively; P = 0.036).

CONCLUSION: Compared with radial transrectal
ultrasound, frontal transrectal ultrasound has a better
accuracy for T staging of rectal cancer. Its advantage in
overcoming the drawbacks of radial transrectal
ultrasound may make this procedure the method of
choice for rectal cancer staging.

KEY WORDS: Rectal cancer; Transrectal ultrasound;
Rectum.

cutaneous malignancy and the second most fre-

quent cause of cancer-related death in the United
States."” The treatment and prognosis of the tumor are
based on preoperative staging. Therefore, the accuracy of
tumor (T) and nodal (N) staging is essential. Patients with
a T3 to T4 tumor will be scheduled for neoadjuvant treat-
ment to reduce the rate of local recurrence. Spread of the
tumor in the mesorectal fascia will determine whether the
patient requires a total mesorectal excision.

Transrectal ultrasound (TRUS) is the method of
choice for preoperative staging of rectal cancer.” The accu-
racy of T and N staging has been reported to range from
67% to 96% and 70% to 75%, respectivelyf*’5 There are
several reasons for these scattered figures: lack of unifor-
mity in the TRUS technique, the procedure is operator-
dependent, and difficulties in differentiating between
desmoplastic or inflammatory changes and hypervascular-
ization in the tumor. Furthermore, TRUS has a disadvan-
tage when stenotic or high proximal rectal tumors are be-
ing staged, because the insertion of the rigid probe is
limited to approximately 10 cm.® Because TRUS has been
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traditionally performed with 360° rotating transducers, ra-
dial plane scanning might not be possible. Using an end-
fire probe (F-TRUS) may, theoretically, overcome these
drawbacks. The probe may remain distal to the tumor be-
cause the field of examination is in the axis of the probe and
not radial to it. Because the lateral resolution of the picture
is a function of the aperture of the probe, a curved array
may give sharper images than mechanically rotating trans-
ducers.

The purpose of the study was to compare the accuracy
of F-TRUS, a new application of an end-fire transducer
generally used for gynecologic ultrasound, with the accu-
racy of classic radial TRUS (R-TRUS) in T and N staging of
patients with rectal cancer.

MATERIALS AND METHODS

Patients

In this retrospective study 74 patients (46 men and 28
women; mean age, 65 (range, 32-91) years) with biopsy-
proven adenocarcinoma of the rectum were examined pre-
operatively with both TRUS techniques between March
2005 and September 2007. Rectal cancer was defined as a
carcinoma within 15 cm from the anal verge. Forty-five
patients had a mid rectal tumor (6—10 cm from the anal
verge). Three tumors were located in the distal rectum (<5
cm from the anal verge), and 26 tumors were located in the
proximal rectum (>10 cm). Thirty patients underwent the
staging procedures after a fixed six-week protocol of neo-
adjuvant radiotherapy before surgical intervention. The
decision to schedule these patients to preoperative neo-
adjuvant therapy was based on a previous TRUS staging
performed either in our institution or elsewhere. These
patients were referred for a second posttreatment, preop-
erative staging by the oncology department. The criteria
for neoadjuvant therapy were consistently applied to all
patients. These patients underwent a fixed protocol in-
cluding 4,500 cGy of external radiotherapy, scheduled for
five days a week with an additional boost of 540 c¢Gy. The
interval between imaging and surgery was <60 days for all
patients. In all cases the results of TRUS staging were com-
pared with the results of surgical staging. The depth of
infiltration was classified according to the TNM staging.”

TRUS Procedures

R-TRUS was performed with a B&K 3535 scanner (Diag-
nostic Ultrasound Systems, B&K Medical, Gentofte, Den-
mark) using a mechanically rotating probe (10 MHz) with
a penetration depth of 2 to 4 cm, axial resolution of 0.4
mm, and lateral resolution of 1.0 mm. At the same session
all patients also underwent F-TRUS. In our institution
both probes are commonly used to examine these patients.
Informed consent was obtained from all enrolled patients.
For the great majority of patients the procedure was per-
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formed by the same operator (MBG). The examination
was performed with a Logiq 9 scanner (General Electric
Medical Systems, GE Healthcare, Milwaukee, WI) using a
conventional end-fire transducer of fundamental frequen-
cies: 5, 6, and 8 MHz. All patients were given a sodium
phosphate enema (Fleet enema, Dexxon Ltd., Hadera, Is-
rael) two hours before the examinations. Patients laid on
their left side. Both procedures were performed in random
order. The rectal end of each probe was covered with a
condom, and 60 ml of degassed water was injected into the
rectal balloon around the B&K probe. One hundred milli-
liters of water was injected into the rectum during F-TRUS.
The operator was aware of the results of the colonoscopy
and biopsy but was blinded to the results of other imaging
studies, such as prior CT, magnetic resonance imaging,
and the prior TRUS in patients who underwent the proce-
dure before a neoadjuvant treatment. After completing
each TRUS technique, the diagnosis was defined in a sep-
arate report and reviewed at the end of the session. The
TRUS classification corresponded to the pathologic TNM
classification as described by Hildebrandt and Feifel,®
whereby Stage T1 corresponds to infiltration of the mu-
cosa and/or the hyperechoic submucosa, Stage T2 repre-
sents involvement of the hypoechoic muscularis propria,
StageT3 corresponds to extension of the tumor to the peri-
rectal fat, and Stage T4 represents infiltration of other pel-
vic organs or the pelvic sidewall structures. For N staging,
all visible lymph nodes >5 mm were considered indicative
of nodal involvement. Preoperative TRUS results (ob-
tained with both methods) were compared with the results
of surgical staging.

Statistical Analysis

Ultrasound T and N staging using each modality separately
(i.e., R-TRUS and F-TRUS) was compared with pathologic
staging. Separate analyses were conducted for the accuracy
of sonographic staging performed with and without pre-
operative neoadjuvant therapy. All frequencies were com-
pared by the two-tailed Fisher’s exact probability test. A P
value of <0.05 was considered statistically significant.

RESULTS

Patients

Figure 1 shows the flowchart of the participating patients.
Seventy-four consecutive patients were included. The pro-
cedure was performed in 30 patients after neoadjuvant
treatment and in 44 patients without neoadjuvant treat-
ment. All patients underwent F-TRUS. Sixteen patients did
not have a concomitant R-TRUS and were considered as
failures of this technique. In 7 of 16 patients, the tumor
obstructed the lumen, and the radial probe could not be
inserted through the stenosis. In the other nine cases the
tumor was too proximal, so staging was possible for only
the most distal part of the tumor.
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Whole population
studied
N=74
Neoadjuvant No neoadjuvant
treatment, N=30 treatment, N=44
R-TRUS F-TRUS R-TRUS F-TRUS
N=23 N=30 N=35 N=44

FIGURE 1. Study population flowchart.

Tand N Staging

Table 1 shows the accuracy of R-TRUS and F-TRUS in the
T and N staging of the whole group of patients. Penetration
of the tumor into the rectal wall was accurately diagnosed
by F-TRUS in 66 of 74 patients (89%), compared with 40 of
58 patients (69%) by the R-TRUS technique. This differ-
ence was statistically significant (P = 0.004). The differ-
ence was even more significant when we compared the 58
patients in whom both examinations were completed. Ac-
curate T staging was achieved in 54 of 58 patients (93%)
with the F-TRUS method and in 40 of 58 patients (69%)
with R-TRUS (P = 0.002). Table 2 shows the results of T
and N staging among the group of patients who had pre-
operative neoadjuvant radiotherapy. The accuracy of F-
TRUS reached 93% (28 of 30 patients), compared with
70% (16 of 23 patients) achieved with R-TRUS. This dif-
ference did not reach statistical significance. Similar accu-
racy rates, in favor of F-TRUS, were observed in the group
of patients with no preoperative treatment (Table 3). Thir-
ty-eight of 44 patients had an accurate diagnosis by
F-TRUS (86%), compared with 24 of 35 patients (67%) by
R-TRUS. In the group of 16 patients in whom R-TRUS
could not classify the tumor because it was too proximal or
stenotic, correct classification was obtained in 14 patients
(88%) by F-TRUS. In these patients the agreement was
100% in cases of obstructing tumor (7 of 7 patients) and
78% in cases of proximal tumors. The accuracy of N stag-
ing was high with both methods, reaching 88% with R-

TABLE 1. Accuracy of transrectal ultrasound using a radial probe

or an end-fire probe in the T and N staging of all patients

Pathologic R-TRUS F-TRUS

stage (n=58) (n=74) Pvalue
T 40 (69%) 66 (89%) 0.004
N 51 (88%) 67 (90%) 0.78

F-TRUS = transrectal ultrasound using an end-fire transducer probe; R-TRUS =
transrectal ultrasound using a radial probe.
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TABLE 2. Tand N staging of transrectal ultrasound using a radial
probe or an end-fire probe as compared with surgical staging in

patients who had received neoadjuvant treatment

R-TRUS® F-TRUS®
Pathologic (=23 (n=30
stage T1 2 T3 T1 T2 T3
T 1 2 0 5 0 0
T 1 5 0 0 7 0
T3 0 4 10 0 2 16
NO N7 NO N1
NO 18 0 23 0
N1 2 3 3 4

F-TRUS = transrectal ultrasound using an end-fire transducer probe; R-TRUS =
transrectal ultrasound using a radial probe.

@Accuracy of R-TRUS for T staging, 16/23 (70%); for N staging, 21/23 (91%).
bAccuracy of F-TRUS for T staging, 28/30 (93%); for N staging, 27/30 (90%).

TRUS and 90% with F-TRUS. Preoperative neoadjuvant
therapy had no impact on the accuracy rates.

Table 4 shows the rates of overstaging and understag-
ing with both techniques. Understaging was more frequent
with the R-TRUS than with the F-TRUS method. The ma-
jority of patients who were misclassified had a misdiagno-
sis of a T2 tumor that was later demonstrated to be a T3
tumor by surgical staging. There were no case of overstag-
ing with the F-TRUS method, where three patients were
overstaged by R-TRUS.

DISCUSSION

Colorectal cancer is a leading cause of cancer-related death
in many parts of the world, being the second most frequent
in the United States. The management of rectal cancer is
based on locoregional staging. Endoscopic ultrasound has
been shown to be a reliable tool for the staging of rectal
cancer. Nevertheless, accuracy rates for staging rectal can-
cer vary among published studies. Although the earliest
publications reported relatively high accuracy rates, the

TABLE 3. Tand N staging results of transrectal ultrasound using

a radial probe or an end-fire probe as compared with surgical
staging in patients with no neoadjuvant treatment

R-TRUS® F-TRUS®

Pathologic (n=35 (n=44
stage T1 T2 T3 T1 T2 T3
T1 6 0 0 7 0 0
T2 2 9 1 2 14 1
T3 1 7 9 1 2 17

NO N1 NO N1
NO 29 2 34
N1 3 1 1 6

F-TRUS = transrectal ultrasound using an end-fire transducer probe; R-TRUS =
transrectal ultrasound using a radial probe.

#Accuracy of R-TRUS for T staging, 24/35 (69%); for N staging, 30/35 (86%).
bAccuracy of F-TRUS for T staging, 38/44 (86%); for N staging, 40/44 (91%).
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TABLE 4. Errors in staging by transrectal ultrasound using a

radial probe and an end-fire probe

R-TRUS F-TRUS

(n=58) (n=74) Pvalue
Downstaging 15 (26%) 8(11%) 0.036
Overstaging 3 (5%) 0 (0%) NS

F-TRUS = transrectal ultrasound using an end-fire transducer probe; NS = not sig-
nificant; R-TRUS = transrectal ultrasound using a radial probe.

most recent studies show considerably less accurate results.
In this retrospective study we compared the accuracy of
two TRUS methods in staging rectal cancer. The accuracy
of the F-TRUS method for T staging was better than the
conventional R-TRUS method in the whole group of pa-
tients. Preoperative neoadjuvant therapy did not change
the results. Both ultrasound methods were equally and
highly accurate in diagnosing lymph node metastatic in-
volvement when a 5 mm cutoff was used. There was no case
of overstaging by F-TRUS in the whole group of patients.
TRUS is the most common technique used to stage
rectal cancer. However, its accuracy varies between studies,
fluctuating between 63% and 93% for T staging and be-
tween 65% and 85% for N staging.””'' In addition, lately
less impressive overall accuracy rates have been reported. T
staging was correctly diagnosed in 66% of the cases of rec-
tal cancer in the study of Ptok et al.'? Similar relatively low
rates of correct staging (69% for T staging and 64% for N
staging) were reported by Garcia-Aguilar et al.'> In our
series an accuracy rate of 69% for T staging was achieved
with the R-TRUS method. These results are comparable to
those of the aforementioned studies, in which a similar
modality of rectal ultrasound was used. However, signifi-
cantly better results for T staging (93% overall accuracy
rate) were obtained with the use of the F-TRUS technique.
There are several possible reasons for these better results.
First, in the F-TRUS technique, we injected approximately
100 ml of degassed water in the rectum. The use of water
enables better rectal distention, and the contact of the wa-
ter with the rectal mucosa sharpens the accuracy and may
also prevent a potential blurring effect in the deep struc-
tures. Optimal transmission of the ultrasound waves can
be obtained by water penetration between the irregularities
of the tumor surface.'*'® The water-filled balloon around
the radial probe is less adapted to the irregularity of the
tumor surface. In addition, it may compress the tumor and
deform the layers in cases of overdistention. Second, use of
a frontal probe allows a larger degree of liberty to rotate the
transducer in the rectal cavity, facilitating selection of the
best plane for examination of the tumor. Use of a frontal
probe also makes it easier to freely reexamine the tumor
under various angles and eliminate artifacts. The radial
transducer is much more limited in receiving an optimal
orientation while inserted in the rectum. In addition, the
accuracy of ultrasound imaging is a function of the resolu-
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tion and penetration of the acoustic beam. The penetration
of a higher frequency beam is lower, but the resolution is
better. The lateral resolution is inversely related to the ap-
erture of the transducer. These differences between the
probes may explain the better results obtained with use of a
curved array transducer of 8 MHz for F-TRUS than with
the radial 10-MHz rotating probe used for R-TRUS, al-
though the F-TRUS will require the operator to adjust to a
different type of image.

Errors in staging involve a risk of missing the possibil-
ity of adapting treatment that can have medical or financial
implications. Overstaging may result in overtreatment,
and understaging may alter the prognosis by not providing
the best treatment. Overstaging is not an unusual find-
ing.'®""® It occurs most frequently with T2 tumors. Over-
staging by MRI has been reported range from 30% to
38%." It occurs because of the lack of reliability in dis-
tinguishing between an inflammation or desmoplastic re-
action and tumor extension. No patients were overstaged
by F-TRUS, and only 5% were overstaged by R-TRUS. Be-
cause we had only a small number of patients who were
overstaged with use of the R-TRUS method, the difference
between both methods was not significant. In our series
understaging occurred more frequently. Understaging oc-
curred in 26% of cases evaluated with R-TRUS and in 11%
of those evaluated with F-TRUS. Similar results (13% rate
of understaging) were recently reported by Garcia-Aguilar
et al.'® The understaged cases consisted mainly of patients
with missed focal penetration into the muscularis propria.
Understaging may be related to the strong posterior atten-
uation of the ultrasound beam caused by luminal secre-
tions or hyperechoic or ulcerated tumors. F-TRUS resulted
in fewer cases of downstaging. This lower rate may be re-
lated to the lesser distention of the rectal wall caused by the
water injected and the absence of air at the interface be-
tween the tumor and the probe.

The accuracy of a diagnostic method is essential to
determine its clinical use. But accurate staging implies that
the entire tumor is examined; otherwise the feasibility of
the method is undermined. R-TRUS has been traditionally
limited to mid rectal tumors. Bipat et al.® proposed that
TRUS should be limited to tumor located up to 8 to 10 cm
from the anal verge. Doornebosch et al.>' observed that the
median distance from the dentate line was 11 cm in non-
assessable tumors and 7 cm in assessable tumors. A proxi-
mal location of the tumor was associated with a relatively
high rate (18%) of misstaging in a series of 118 patients
undergoing R-TRUS.?** In our series 16 of 74 (22%) of the
rectal tumors could not be evaluated because nine were too
proximal to be reached by the radial transducer and seven
were obstructive. Nevertheless, seven of seven stenotic tu-
mors and seven of nine proximal tumors were accurately
staged by the F-TRUS technique. Overcoming the limita-
tions of R-TRUS was achieved by use of an end-fire trans-
ducer, which was chosen because ultrasound waves are
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transmitted frontally, along the axis of the rectum. This
enabled us to examine up to approximately 20 cm from the
anal verge. Other modalities, such as endoscopic ultra-
sound and transvaginal ultrasound, have been described
for the examination of inaccessible tumors.>*** Although
the use of an endoscopic ultrasound may be helpful for the
cannulation of stenotic tumors, the overall accuracy of this
examination was found to be as low as 49%,> so further
studies are needed.

The diagnosis of nodal infiltration is still challenging
because there are no universally accepted criteria. Some
authors consider any lymph node in the perirectal tissue as
a positive finding, whereas others use a cutoff ranging from
3 to 10 mm.*> >’ We selected a cutoff value of 5 mm in
peritumoral hypoechoic round-shaped nodes for the diag-
nosis of potential positive metastasis. With use of this cut-
off, the accuracy of both methods was similarly high (88%
with R-TRUS and 90% with F-TRUS). Nevertheless,
Brown”® noted that 15% of patients who underwent a total
mesorectal excision were reported to have nodal involve-
ment when at preoperative TRUS a 5 mm cutoff value was
used to determine the presence of potential metastatic
lymph nodes. Higher sensitivity rates for the detection of
metastatic lymph nodes may be obtained by use of differ-
ent echogenic patterns. Mixed echogenicity, as opposed to
a pure hypoechoic pattern, is considered by others as a
potential predictor of positive metastatic lymph nodes.*
Therefore, the combination of the various sizes and differ-
ent echogenic patterns should be studied to optimize the
determination of lymph node involvement.

Our study has two primary limitations. First, a single
operator (MBG) performed both techniques in a large ma-
jority of the patients. One might speculate that there was a
subjective interest in favor of the new method. That is, that
F-TRUS, as a new method for the staging of rectal cancer,
might have been credited with enthusiastic results in this
first publication. It has been stated before that selective
reporting of studies featuring positive results might result
in overestimation of the capability of TRUS. However, the
same operator had no information about the findings of
any other imaging modality previously performed, and the
result of histopathologic staging of the resected specimen
was unavailable before both techniques were performed.
In addition, two different machines with different files
were used, making each examination a different experi-
ence. However, the details of both examinations were re-
viewed at the end of each session to overcome any potential
subjective involvement. Second, the study had a retrospec-
tive design. Nevertheless, the procedures evaluated were
performed before surgical intervention, and all consecu-
tive patients were included.

In conclusion, in this first report of the use of an end-
fire probe, F-TRUS was demonstrated to overcome the tra-
ditional limitation of R-TRUS in the T staging of rectal
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cancer. It is recommended for the staging of proximal or
stenotic rectal tumors. The better accuracy of F-TRUS as
compared with R-TRUS makes this method useful as a
first-line diagnostic modality in any case of rectal cancer.

ACKNOWLEDGMENT

The authors thank Ms. Dovrat Levy for her assistance and
support in collecting the information.

REFERENCES

1. Jemal A, Siegel R, Ward E, et al. Cancer statistics. CA Cancer
J Clin 2008;58:71-96.

2. Olson RM, Perencevich NP, Malcolm AW, Chaffey JT, Wilson
RE. Patterns of recurrence following curative resection of
adenocarcinoma of the colon and rectum. Cancer 1980;45:
2969-74.

3. Harewood GC, Wiersema M]J, Nelson H, et al. A prospective,
blinded assessment of the impact of preoperative staging on
the management of rectal cancer. Gastroenterology 2002;123:
24-32.

4. Fuchsjager MH, Maier AG, Schima W, et al. Comparison of
transrectal sonography and double-contrast MR imaging when
staging rectal cancer. AJR Am J Roentgenol 2003;181:421-7.

5. Harewood GC. Assessment of publication bias in the reporting
of EUS performance in staging rectal cancer. Am J Gastroenterol
2005;100:808-16.

6. Bipat S, Glas AS, Slors FJ, Zwinderman AH, Bossuyt PM, Stoker
J. Rectal cancer: local staging and assessment of lymph node
involvement with endoluminal US, CT, and MR imaging—a
meta-analysis. Radiology 2004;232:773—83.

7. Sobin LH, Hermanek P, Hutter RV. TNM classification of ma-
lignant tumors: a comparison between the new (1987) and the
old editions. Cancer 1988;61:2310—4.

8. Hildebrandt U, Feifel G. Preoperative staging of rectal cancer by
intrarectal ultrasound. Dis Colon Rectum 1985;28:42—6.

9. Milsom JW, Graftner H. Intrarectal ultrasonography in rectal
cancer staging and in the evaluation of pelvic disease: clinical
uses of intrarectal ultrasound. Ann Surg 1990;212:602—6.

10. Hulsmans FJ, Tio TL, Fockens P, Bosma A, Tytgat GN. Assess-
ment of tumor infiltration depth in rectal cancer with transrectal
sonography: caution is necessary. Radiology 1994;190:715-20.

11. Maor Y, Nadler M, Barshack I, et al. Endoscopic ultrasound
staging of rectal cancer: diagnostic value before and following
chemoradiation. ] Gastroenterol Hepatol 2006;21:454 8.

12. Ptok H, Marusch F, Meyer F, et al. Feasibility and accuracy of
TRUS in the pre-treatment staging for rectal carcinoma in gen-
eral practice. Eur J Surg Oncol 2006;32:420-5.

13. Garcia-Aguilar J, Pollack ], Lee SH, et al. Accuracy of endorectal
ultrasonography in preoperative staging of rectal tumors. Dis
Colon Rectum 2002;45:10-5.

14. KimJC, Yu CS, Jung HY, et al. Source of errors in the evaluation
of early rectal cancer by endoluminal ultrasonography. Dis Co-
lon Rectum 2001;44:1302-9.

15. Kim S, Lim HK, Lee SJ, et al. Depiction and local staging of rectal
tumors: comparison of transrectal US before and after water
instillation. Radiology 2004;231:117-22.



1480

16.

17.

18.

19.

20.

21.

22.

Sailer M, Leppert R, Kraemer M, Fuchs KH, Thiede A. The value
of endorectal ultrasound in the assessment of adenomas, T1-
and T2-carcinomas. Int J Colorectal Dis 1997;12:214-9.

Maier AG, Barton PP, Neuhold NR, Herbst F, Teleky BK, Lech-
ner GL. Peritumoral tissue reaction at transrectal US as a possi-
ble cause of overstaging in rectal cancer: histopathologic corre-
lation. Radiology 1997;203:785-9.

Muthusamy VR, Chang KJ. Optimal methods for staging rectal
cancer. Clin Cancer Res 2007;13:6877—84.

Rao SX, Zeng MS, Xu JM, et al. Assessment of T staging and
mesorectal fascia status using high-resolution MRI in rectal can-
cer with rectal distention. World ] Gastroenterol 2007;13:4141—6.

Poon FW, McDonald A, Anderson JH, et al. Accuracy of thin
section magnetic resonance using phased-array pelvic coil in
predicting the T-staging of rectal cancer. Eur J Radiol 2005;53:
256-62.

Doornebosch PG, Bronkhorst PJ, Hop WC, Bode WA, Sing AK,
de Graaf EJ. The role of endorectal ultrasound in therapeutic
decision-making for local vs. transabdominal resection of rectal
tumors. Dis Colon Rectum 2008;51:38—42.

Nesbakken A, Lovig T, Lunde OC, Nygaard K. Staging of rectal

23.

24,

25.

26.

27.

28.

29.

BEER-GABEL ET AL: ULTRASOUND STAGING OF RECTAL CANCER

carcinoma with transrectal ultrasonography. Scand J Surg 2003;
92:125-9.

Steele SR, Martin MJ, Place RJ. Flexible endorectal ultrasound
for predicting pathologic stage of rectal cancers. Am J Surg 2002;
184:126-30.

Dhamanaskar KP, Thurston W, Wilson SR. Transvaginal sonog-
raphy as an adjunct to endorectal sonography in the staging of
rectal cancer in women. AJR Am J Roentgenol 2006;187:90—38.

Vogl TJ, Pegios W, Mack MG, et al. Accuracy of staging rectal
tumors with contrast-enhanced transrectal MR imaging. AJR
Am ] Roentgenol 1997;168:1427-34.

Bhutani MS. Recent developments in the role of endoscopic
ultrasonography in diseases of the colon and rectum. Curr Opin
Gastroenterol 2007;23:67-73.

Zerhouni EA, Rutter C, Hamilton SR, et al. Report of the
Radiology Diagnostic Oncology Group II. Radiology 1996;200:
443-51.

Brown G. Local radiological staging of rectal cancer. Clin Radiol
2004;59:213—4.

Hildebrandt U, Feifel G. Endorectal sonography. Surg Annu
1990;22:169—-83.



