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CHAPTER 1

Introduction

This thesis reflects a long time span of radiological studies concerning the rectum. In
this period new imaging techniques became
available and thus subject of this thesis.
Besides the radiological questions about the
usefulness of a new imaging technique there
is also a clinical need for better imaging of
the rectum. Rectal carcinoma is one of the
most common malignancies in Western
European countries and the United States
and the second most common cause of
deaths due to cancer (1,2) (Progress report
Dutch cancer registry 1988). This emphasizes
the importance of defining appropriate and
cost-efFective pre-operative studies to ensure
optimal therapy (3). Intrarectal Ultrasound
(IUS) has emerged as a reliable method of
staging rectal carcinoma with an accuracy
ranging from 81-94% f° r s t a g i n g t n e local
extent into the perirectal fat (4-13). Some
studies however reveal considerably lower
accuracy of 64% (14) and 72% (15). Since 1987
IUS has been performed by the author of this
thesis with different ultrasound machines
and transducers. For preoperative staging of
rectal carcinoma 180 patients have been
investigated, 142 are described in chapter 3
and an additional 38 patients (of a total of 47)
in chapter 6. The patients in chapter 4(15)
and 5 (19) are also part of the major patient
groups.
As IUS forms a major part of this thesis
the normal and abnormal appearances of the
rectum and perirectal structures on
ultrasound are described in CHAPTER 2,

together with some historical and physical
notes on IUS.
CHAPTER 3 reports the evaluation of IUS
in 118 patients with rectal tumors studied
during the past few years. In this study the
value of different methods of IUS is
questioned by comparing IUS staging results
with the definite histopathological findings.
When MRI became available it was necessary to test the capability of MRI for staging
primary rectal carcinoma with the
Helmholtz double surface coil and later with
an intrarectal surface coil and compare these
findings with histology. These patients were
also staged by IUS and were part of the study
group from chapter 3. In CHAPTER 4 MRI
staging findings are compared also with
staging results of IUS. The additional value
of MRI, especially with the endorectal coil as
compared to IUS was to be assessed.
Ultrasound technique developed as well
and recently Color Doppler and Pulsed
Doppler analysis has become possible with
IUS. In CHAPTER 5 a study is described
which was intended to detect possible differences in Color Doppler and Doppler Flow
analysis between all kinds of benign and
malignant rectal and perirectal diseases.
CHAPTER 6 is a second study on IUS with
Color and Pulsed Doppler which only deals
with patients with rectal tumors (benign and
malignant) and with patients during followup after local resection of a (small) malignant
tumor of the rectum to verify the findings
from the former study. The aim of this study

was to determine more specifically the
potential of Color and Pulsed Doppler to differentiate between benign and malignant
rectal tumors. The patients from chapter 5
without a rectal wall lesion have been omitted and an additional 26 patients with rectal
tumors have been added to a total of 47
patients. Some of the patients from this
study were also described in the study of
chapter 3 but this chapter is concerning preoperative staging while the Color Doppler
study emphasizes the differentiation of
benign and malignant lesions.
With IUS not only rectal carcinoma can be
studied but IUS is also applicable in many
other rectal and perirectal disorders.
CHAPTER 9 describes systematically the
experiences with IUS in non malignant rectal
and perirectal diseases and compares these
findings with the literature.
The prognosis of rectal carcinoma is poor.
The overall 5-year survival of all stages is only
50%. This is due to the recurrence of tumor
locoregionally as well as to distant
metastases, especially to the liver. The work
for this thesis started as long ago as 10 years
with a study on the outcome of patients
operated for cure for a rectal or rectosigmoid
carcinoma. In Chapter 7 patterns of

recurrence in a group of 108 patients treated
in the Radboud and Canisius Wilhelmina
Hospitals in Nijmegen were evaluated as
well as the value of different diagnostic
modalities (clinical, laboratory and radiological tests) with emphasis on CT. Local recurrent carcinoma is a serious clinical problem.
It accounts for a high morbidity, is the main
reason of failure of intentionally curative
treatment and is very difficult to detect in an
early, potentially curable, stage.
CHAPTER 8 is a second study several years
later that evaluates the role of CT in the
postoperative management of patients after
resection of a rectal carcinoma. CT was carried out in the follow-up as a screening
modality for early recurrence in the
Canisius-Wilhelmina Hospital. An ROC
study was designed in order to get an objective evaluation independent of patient selection and clinical data. A retrospective evaluation of 209 CT scans of 72 patients was done
as well, the conclusions of which were compared with the results already known from
the literature.
In CHAPTER 10 the developments of the

past ten years are evaluated and former opinions and amendments are discussed.
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CHAPTER 2

A - Intrarectal Ultrasound

Examination technique
Normal anatomy
Principles ofstaging rectal carcinoma

History
Ultrasound was first utilized as an imaging
modality for the rectum in the late 1950s (1).
By the use of an echoendoprobe, Wild and
Reid (1956) demonstrated that it was possible
to visualize tumor recurrence in a patient
with previous carcinoma of the rectum. The
early investigations were hampered by poor
image quality. Ultrasound technology
steadily improved throughout the 1960s and
1970s and the endorectal technique was
reintroduced in 1975 to visualize the prostate
and seminal vesicles (2). By the early 1980s
ultrasound was being routinely used for
prostate imaging. In 1983, 27 years after the
original report of Wild and Reid (1), the first
experiences with intrarectal ultrasound
with "modern ultrasound technology" for
imaging rectal cancer in different study
centres were published (3,4). Since these
original descriptions of the technique and
results, numerous reports have described
ultrasound for staging rectal cancer. Use of
this technique has increased more rapidly in
Europe than in the United States, primarily
because ultrasound and endoscopy are performed by gastroenterologists and surgeons
in Europe, who also have an interest in the
treatment of colorectal cancer. Ultrasound
imaging in the United States is performed by
urologists and radiologists, physicians without a primary interest in colorectal cancer.
Gastroenterologists and surgeons are generally unfamiliar with ultrasound as an imag-

ing technique, and cross-fertilization of this
technology from urologists and radiologists
into the hands of those who might influence
the management of colorectal cancer has
been slow (5]. The situation in the U.S. is
more or less comparable to that in the
Netherlands.

Examination technique ana patient
preparation
The procedure is usually explained to the
patient by the referring physician. As
rectoscopy has already taken place before IUS
the referred patients are already to some
degree familiar with an intrarectal diagnostic
procedure. Patients do not need to be fasting
for several hours nor is a special diet requested. The only preparation is a saline enema
given one hour prior to the examination on
the ward when the patient is admitted,
whereas on outpatient basis this is given
immediately before the study. In that case
approximately 15 minutes delay should be
taken into account before the study can
begin. In that time the transducer can be
prepared for the study. A latex balloon must
cover the transducer for several reasons. One
is for obvious hygienic purposes, the others
are related to ultrasonic contact with the rectal wall. The balloon can be filled with gel
but more preferably with water, as this
ensures the best contact with the rectal wall.
A slight distension of the rectal wall by filling the balloon with water can improve the

Figure I
The radial mechanical scan is obtained by the complete rotation of the transducer around the axis of
the probe. The scanning plane is perpendicular to
the probe axis.

Figure 2
The linear array transducer is obtained by the
sequential activation of the elementary crystals.
The scanning plane is parallel to the probe axis.

image. A disadvantage is that in small and/or
soft rectal wall lesions this might lead to
compression of the tumor into the rectal
wall which degrades the image quality,
especially that of the rectal wall layers. In
that case it is better to fill the rectum with
water directly or by a hole in the latex cover,
which improves the image. Air or faeces in
the rectal cavity will degrade imaging, therefore it is wise to stop the examination in
such cases for a moment and send the
patient back to the toilet, thereafter resuming the examination.
Recommendable, but not mandatory, is a
digital rectal examination before the ultrasound transducer is inserted. The location of
the process can be noted and exophytic,
stenotic or ulcerating growth patterns can be
assessed. The transducer may then be gently
introduced and when in the proper position
the balloon can be filled with water. The
patient should not feel any pain or serious
discomfort. The ultrasound examination is
performed in the left lateral decubitus position.
In patients with proctitis, fistula, perianal inflammation or abscess any kind of
examination will be painful. In less severe
cases anaesthetic gel can be used to
anaesthetize the mucosa. In more severe
cases this will not be enough and (intravenous) sedation (e.g. with Dormicum 11 )
or even general anaesthesia may be necessary
to examine the patient.

Instrumentation
Four different types of ultrasound probes
exist that can be used for intrarectal
ultrasound: (1) rigid, mechanical rotating,
(Fig 1) (2) rigid, linear electronic array (Fig 2),
(3) flexible, mechanical rotating, and (4) a

flexible linear electronic array. For this study
the types 1,2 and 4 have been used as well as a
biplanar variant of the electronic array transducer. Multiplanar mechanical probes have
been developed as well. Some probes also
offer the possibility of choosing different frequencies for better spatial resolution in the
near field and in the far field respectively.
The radial mechanical scan uses a single
element transducer that rotates providing a
360 degree image perpendicular to the axis of
the probe. The probe is fitted with a balloon
that is filled with water to couple the ultrasound to the rectal wall. The linear (electronic) array transducer operates by the sequential activation of the elementary crystals
placed next to each other in line which produces a rectangular sagittal view of the rectum, or curved so that a sector image is produced. This sector part can be placed in such
a way that it produces a 90 degree sector scan
perpendicular to the axis of the instrument
or on top of the probe for a (semi)coronal
(forward looking) or sagittal view. Orientation is more difficult with this probe, and to
obtain full views of most rectal tumors, the
probe must be rotated by hand. The 90
degrees perpendicular sector scan was primarily used for prostate imaging. Electronic
linear array transducers have the advantage
of variable focal length adjustment and the
possibility of ultrasound-directed fineneedle aspiration. Flexible endoscopic ultrasound probes have been developed as well to
overcome the problem of the limited reach
of the rigid probes which can image the rectum only as far as the rectosigmoid junction.
A fiberoptic colonoscope with a 7.5 Mhz
transducer which is fitted with forward
viewing optics is used for imaging the colon.
Under these circumstances endoluminal
ultrasound is combined with endoscopy.

Normal anatomy
The anatomy is displayed in a different way
by the two main types of transducer. With
the radial scanner the histologic layers of the
rectal wall are seen as concentric rings while
with the linear array probe the layers are seen
as parallel lines.
Radial scanner: The transducer is in the
centre of the image and is surrounded
immediately by the hypoechoic water-filled
balloon. The rectal wall is seen in its
complete circumference. The rectum is surrounded by the perirectal fat and the organs
of the small pelvis. These are displayed
depending on the position of the probe in
the rectum. Just above the anal verge the
urethra is seen on the ventral side. A little
more proximally in the rectum in males the
prostate gland will be visible and dorsally
the coccygeal bone will become apparent.
Further introduction of the transducer will
show the seminal vesicles. In the female the
vagina, cervix and uterus are visible at different locations of the probe in the rectum.
Linear array scanners: The great difference
with the radial scanners is the scan plane.
Sagittal cut planes through the rectum will
show caudo-cranial relationships. In one
ventral plane in males the urethra, the
prostate gland and the seminal vesicles are
displayed. The caudo-cranial relationship of
the internal and external sphincter to a
tumor is important when sphinctersaving
procedures are considered. This is directly
visualised with linear array scanners.

Interpretation
Reading the images includes the interpretation of the layers of the rectal wall. With the
advent of high frequency transducers

(>5MHzJ which became available for IUS
the rectal wall was displayed in an increasing
number of layers from 3 to 9 (4,6-9). With the
commonly used 5 and 7 MHz transducer,
5 different layers of the rectal wall are
displayed by ultrasound, as anywhere else in
the gastrointestinal tract (10-12). Interpretations of ultrasound images of the gastrointestinal tract have varied widely. The
presence of five ultrasound layers led early
investigators to conclude that these layers
correspond directly to the five histological
layers (9,13-15). This interpretation was
argued to be too simplistic by others who
tried to interpret the images based on a
knowledge of the physical principles of
ultrasound (16,17). Proof of either of these
two hypotheses has been difficult to
establish because of the limited resolution
of available ultrasound instruments and
because it was previously difficult to obtain
exactly the same histological sample as the
ultrasound image. Nowadays the interpretations by Kimmey et al (16) and Boscaini et al
(17) have gained wide acceptance because it
accounts for the tissue structure, the ultrasound characteristics of gastrointestinal tissue and the physics of ultrasound.
Echoes from within a tissue layer are produced when acoustic energy is reflected or
back-scattered by inhomogeneities in this
tissue. The key factor in the production of
echoes by a tissue layer is a change in the
acoustic impedance between adjacent areas
within the tissue layer. Acoustic impedance
is a function of the density of a tissue and its
rigidity. As the density of a tissue layer is relatively constant, changes in the rigidity
within a tissue layer are the main
determinant of the echogenicity of the layer.
Collagen is very stiff so tissues containing
collagen are echogenic. Fat within tissue is
also echogenic. It is thus not surprising to

find echogenic layers on ultrasound images

but is essentially smaller than the histologi

in the same positions as the submucosa,

cal layer because the formation of echoes

which is rich in collagen and sometimes con

from the interfaces (with submucosa and

tains fat, and in the perirectal area where fat

perirectal fat) detracts a little bit from that

is often abundant.
Echoes are also created when an
ultrasound beam encounters an interface

thickness. The ultrasound width of the mus
cularis propria is a characteristic of the ultra
sound transducer used. With high axial reso

between two tissue layers with different

lution the interface lines will be thinner and

acoustic impedances. The thickness of this

the width of the muscularis propria on ultra

echo depends on the axial resolution of the

sound will increase. Echoes created at the

transducer.
An ultrasound beam passing through the

fifth interface, between muscularis propria
and perirectal fat or subserosal tissue will

rectal wall will encounter at least six poten

blend with the echoes created by the perirec

tial interfaces between tissue layers. The first

tal tissues.

interface occurs at the mucosa. This interface
accounts for the first echogenic layer seen on

In short, the five-layer rectal wall image cor

the images. When the transducer is covered

respond to:

by a balloon which is filled with water, the

ι

balloon itself will also contribute to the

2 deep mucosa, muscularis mucosae,

mucosal interface. This Jirst echogenic layer

3 submucosa plus the acoustic interface

mucosa,

varies in thickness with the smoothness of

between submucosa and muscularis propria,

the mucosal surface and balloon. The

4 muscularis propria minus the acoustic

remainder of the mucosa produces few

interface between submucosa and

echoes and forms the second layer. The second

muscularis propria,

potential interface is between mucosa and

5 the perirectal fat.

muscularis mucosae. This interface should
produce an echo if the acoustic impedance of
the mucosa and mucularis mucosae are suffi

Staging systems, Dukes versus TNM

ciently different. However, this reflection is
not constantly seen in in-vitro experiments
and the layer is too small to be seen indepen
dently from the mucosa. So no distinction
can be made between mucosa and
muscularis mucosae and these histologic lay
ers are believed to form the second,
hypogenic, layer. The submucosa is very
echogenic and these reflections combine
with the reflections from the tissue
interfaces between muscularis mucosae and
submucosa and submucosa and muscularis
propria thus forming the third, echogenic,
layer. The fourth ultrasound layer is formed
by the echoes from the muscularis propria

The clinically most commonly used staging
system is that of Dukes (18,19) and the modi
fication by Astler and Coller (20).
Classification by Dukes (1935):
A
В

carcinoma limited to the bowel wall
local spread of carcinoma beyond the
bowel wall with no nodal involvement

С

lymph node involvement with division
into:
Ci local nodes
C2 apical nodes

l6

Figure 3
Histopathological staging of rectal carcinoma according to the TNM system of the IUCC (21).

T2

TI

T3

T4

Mucosa
Submucosa
Muscularìs propria

Τ-

Primary Tumor

T4 Tumor directly invades adjacent organs

TO No evidence of primary tumor

N- (Regional) lymph nodes

TI

NO No lymph nodes

Tumor invades submucosa

T2 Tumor invades muscularis propria

N I Metastases in I to 3 perirectal lymph nodes

T3 Tumor invades beyond the muscularis propria

N2 Metastases in 4 or more perirectal lymph nodes

into the perirectal fat

Figure 4
Ultrasound staging of rectal carcinoma is based upon the relationship of the tumor to the fourth layer,
the muscular coat (22).

TO

No lesion visible

TO-1 The lesion is confined to the mucosa.

T2

Tumor infiltrates the fourth layer

T3

The fourth layer is disrupted and tumor

T4

Adjacent organs are invaded

A thin hyperechoic layer is still recognizable
(submucosa)

infiltrates the perirectal fat

Modified classification after Astler-Coller

Ultrasound staging (Fig 4)

(1954):
A carcinoma limited to the mucosa

IUS Τ staging depends on the correa inter

Bi carcinoma infiltration into the muscu-

pretation of the layers of the rectal wall and

laris propria

the recognition of a disruption of these lay

B2 carcinoma infiltration into perirectal fat

ers of the rectal wall. Tumor infiltration

Ci carcinoma limited to the intestinal wall,

depth as assessed with IUS is related to the

lymph node metastasis
C2 carcinoma infiltration into perirectal fat,
lymph node metastasis

pathologic TNM classification, Ti= tumor
invades submucosa, T2= tumor invades mus
cularis propria, T3 = tumor penetrates rectal
wall into perirectal fat and T4 = tumor

The TNM staging system (IUCC) however

invades adjacent organs or structures (22). It

has gained worldwide recognition as

is not possible to visualize the thin muscu

uniform system for staging gastrointestinal

laris mucosae with the present imaging tech

malignancies (21). This system is very useful

nology (16,23). This implies that early inva

to compare the results of intrarectal

sion through the muscularis mucosae into

ultrasound as the Τ staging can be closely

the submucosa remains undetected with

followed by ultrasound Τ staging (Fig 3) (22).

IUS. Therefore we introduce the ultrasound
stage T0-1 which means a lesion is found on

T- Primary Tumor
To No evidence of primary tumor
T i Tumor invades submucosa

IUS but no indication about the existence of
malignancy can be given (24,25).
(Metastatic) lymph nodes are visualized

T2 Tumor invades muscularis propria

on IUS as roundish or oval, mainly hypo-

T3 Tumor invades beyond the muscularis

echoic lesions in the perirectal fat. Consen

propria into the perirectal fat
T4 Tumor directly invades adjacent organs

sus does not exist as to which IUS criteria
should be adopted to differentiate benign
from malignant lymph nodes (26-29).

N- (Regional) lymph nodes
No No lymph nodes
N1 Metastases in 1 to 3 perirectal lymph
nodes
N2 Metastases in 4 or more perirectal lymph
nodes
N3 Metastases in any lymph node along the
course of a named vascular trunk and/or
metastases to apical nodes (when marked
by the surgeon)
M distant metastases
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В - Pictorial essay on
Intrarectal Ultrasound

Normal anatomy of the rectal wall

Radial scan

Longitudinal scan

1

first layer

hyperechoic

interface balloon and mucosa

2

second layer

hypoechoic

mucosa

3

third layer

hyperechoic

submucosa

4

fourth layer

hypoechoic

muscularis propria

5

fifth layer

hyperechoic

perirectal fat
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Normal ultrasound anatomy of the perirectal structures

Radial scan. Scans of a normal male at two different levels showing the rectum,
probe position and perirectal structures

PF

Τ = transducer, Ρ = prostate gland, W = rectal wall,
В = bladder, SV = seminal vesicles, PF = perirectal
fat, С = coccygeal bone, Wa = water-filled balloon
covering the transducer.

< S ^

¿3

Longitudinal scan. Normal anatomy in male and femal·

Ρ = prostate gland, W = rectal wall, В = bladder,
SV = seminal vesicles, PF = perirectal fat,
S = symphysis, U = uterus, Va = vagina, IS = internal
rectal sphincter, ES = external rectal sphincter,
Wa = water-filled balloon covering the transducer.
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Examples ofstaging rectal carcinoma with IUS

Patient with a villous adenoma. No disruption of the layers. IUS stage TO-1, histopathological stage TO.

Ρ = polyp, 3 = submucosa, 4 = muscularis propria,
PF = perirectal fat, IS = internal sphincter,
ES = external sphincter, Wa = water balloon around
the transducer.

Patient with a rectal tumor; on IUS disruption of the first three layers. The fourth layer is not infiltrated.
IUS stage T2.; histopathological stage T2.

Τ = tumor, SB = small bowel, 4 = muscularis propria,
Wa = water-filled balloon, W = rectal wall.

ч
Patient with a polypoid tumor. In the centre the fourth, hypoechoic layer, is disrupted. IUS-stage T3.
histopathological stage T3.

Τ = tumor, 3 = submucosa, 4 = muscularis propria,
IS = internal sphincter, arrow = infiltration of the
perirectal fat.

Patient with a tumor massively invading the perirectal fat. Normal fat planes between tumor and
prostate, no invasion of the prostate gland. At digital examination the tumor was fixed. IUS-stage T3.
histopathological stage T3.

Τ = tumor, Ρ = prostate gland, Sy = symphysis,
4 = muscularis propria, PF = perirectal fat.

гб

Common problems ana artifacts in IUS
A: Original IUS image,
B: schematic presentation of the position of the probe in the rectum,
C: schematic drawing of A.

1 2

3

4

Tumor at the rectosigmoid junction. Overestimation
of tumor depth (arrow), when angulation does not
improve the image, the tumor can not be evaluated.
Τ = tumor, 1,2,3,4 = layers of the normal rectal wall.

^

Ulcerating tumor. Air and faeces in the centre of the
ulcer degrades image quality. This problem can be
solved by changing the position of the patient,
increased filling of the balloon or by a second
cleansing enema.
A = artifact due to loss of ultrasonic contact,
Τ = tumor, Ρ = prostate gland and 1,2,3,4 = layers of
the normal rectal wall.

m

Polypoid tumor gives poor contact at the edges.
This problem can be solved by proper balloon filling
changing the position of the patient or by examina
tion of the patient without a balloon around the
transducer but with the rectum filled with water
instead.
Wa s water-filled balloon, Ρ = Polypoid tumor,
A = artifacts, 4 = muscularis propria.

*9

Preoperative staging
of rectal carcinoma

CHAPTER 3

Intrarectal Ultrasound
for the preoperative
staging of rectal tumors
Evaluation of 118 patients
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Introduction

Materials and methods

The prevalence of colon and rectum cancer as
the second most common cause of death due
to cancer in western countries emphasizes
the importance of defining appropriate and
cost-efFective preoperative studies to ensure
optimal therapy (1). New strategies for preoperative therapy in selected cases of rectal
cancer require accurate preoperative staging
(2-8). Intrarectal Ultrasound (IUS) has
emerged as a reliable method of staging rectal carcinoma with an accuracy ranging from
81-94% f ° r s t a g ' n g t n e local extent into the
perirectal fat [9-18). Some studies however
reveal considerably lower accuracy of 64% (19)
and 72% (20). Major shortcomings of IUS are
the inability to differentiate between fibrosis, biopsy effects, inflammation and cancer,
these being the main reasons for overstaging
(19). Another problem is the differentiation
between benign villous adenoma and (early)
malignant change (21,22). The aim of this
study was threefold: Firstly, evaluation of the
accuracy of IUS in assessing tumor infiltration depth and lymph node involvement
according to the TNM system. Secondly,
determination of the errors in our series and
comparison with findings in literature and
thirdly, selection of subgroups in which
staging is most valuable.

From March 1987 through december 1993
118 consecutive patients from two hospitals
in the city of Nijmegen, the Canisius
Wilhelmina Hospital and the Academic Hospital St Radboud, underwent IUS for rectal
tumors where malignancy was suspected or
had to be excluded and in case of a rectal cancer staging was requested according to the
TNM system. Patients were examined echographically within a week of the clinical
diagnosis rectal tumor was made endoscopically or by barium enema. At the time of the
IUS the definite histopathological diagnosis
of the mass was not known. Surgery was performed in 117 patients within three weeks of
the IUS study, one patient received preoperative radiotherapy. No other patients with
radiotherapy prior to the definite surgery
and after the initial IUS were included.
During the study period several different
transducer types were used. Initially a
mechanical 7 MHz rotating transducer
(Bruell and Kjaer) was applied in 13 patients.
Most patients were examined with a biplane
5 MHz linear array and sector scanner on a
Toshiba SSA-250 A machine (74 patients) and
finally a 7 MHz biplane linear array and sector scanner on a Toshiba SSA-270 A machine
(19 patients). In three patients the Siemens
Endo-P-Probe with a frequency variable
from 5 to 10 MHz, a flexible oesophageal
5 MHz probe from Aloka in another three
patients and in 6 cases only the sector part of

the above-mentioned 5 MHz biplane probe

muscularis mucosae with the present imag

was the usable part of the probe. The linear

ing technology (24,25). This implies that

array probe could not be positioned well

early invasion through the muscularis

enough to perform proper because of the

mucosae into the submucosa remains unde

stenosing nature of the mass or the proximal

tected with IUS. Therefore we introduced

location in the rectum. For this reason this

the ultrasound stage T0-1 which entails a

group is regarded as a separate group

lesion is found on IUS but no indication

because in the other patients only the linear

about the existence of malignancy can be

array probe was applied for staging. The

given (26,27). All visible perirectal lymph

images were recorded on hardcopy films. All

nodes were regarded as N1 (28). IUS findings

studies except one were performed by one

were correlated with the histopathological

radiologist. The ultrasound examination was

findings of the specimen. Errors in US stag

performed in the left lateral decubitus posi

ing were retrospectively analyzed. Tissue

tion. One hour before the study a cleansing

slices of the resected specimens were

enema was given. The ultrasound probe was

routinely processed, embedded in paraffin

covered with a latex sheath that was filled

and stained with hematoxylin.

with water to optimize ultrasound transmis
sion to the bowel wall. Occasionally the rec
tal cavity was filled with water, especially in
villous adenoma to avoid compression arti
facts (see Chapter 2). Optimal imaging
required visualization of the 5 layered ultra
sound anatomy of the rectal wall. In the case
of the biplane probes this was mainly
achieved with the linear array transducer, as
has already been stated. All images were read
prospectively. Reading the images included
the interpretation of the layers of the rectal
wall and the recognition of a disruption of
these layers. Tumor infiltration depth
assessed with IUS was related to the patho
logic TNM classification:
Ti = tumor invades the submucosa,
Τ 2 = tumor invades the muscularis propria,
T3 = tumor penetrates the rectal wall into
perirectal fat and T4 = tumor invades the
adjacent organs or structures. For interpreta
tion of the layers the criteria described by
Beynon et al (23) and Kimmey et al (24) was
applied; therefore we did not use the fifth
echogenic layer as described by other authors
(11,19) for discrimination between T2 andT3
lesions. It is not possible to visualize the thin

Results
Of a total of 142 patients 3 appeared to have a
locally invasive prostatic carcinoma. Nine
patients were thought to be inoperable and
received palliative radiotherapy (7 cases) or
chemotherapy (2 cases). Three patients were
lost to follow-up or analysis because of
incomplete records from other hospitals.
Nine patients had a villous adenoma but did
not have a resection so definite histology
remains unknown. Of these nine patients
one received radiation therapy for a malig
nant villous adenoma, one developed a carci
noma after 1/2 year follow-up after laser
therapy for villous adenoma but was not
operated. Two of these nine patients were
lost to follow-up and five received laser ther
apy and were without recurrence one year
after laser ablation.
For this study 118 patients remained who
had a resection of a rectal tumor, 15 patients
had a benign tumor (villous adenoma) and
103 had a rectal carcinoma. They were aged
32 to 90 years (mean 67 years), 72 were men

Table ι
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Results oftumor staging with IUS versus histopathological staging
Histopathological stage
pTz

ртз

pT4

3

1

0

0

13

2

0

0

0

8

0

1

2

1

0

4

0

1

14

6

0

21

uT3

0

0

8

59

3

70

UT4

0

0

0

1

1

2

uTot

15

7

15

67

4

118

IUS stage

pTo

pTi

uTo
uTo-i

9
6

uTi
UT2

pTot

Total Accuracy (uTo.uTi and uTo-i combined; bold figures) 95/118 = 80.5%
Sensitivity for perirectal spread (T2 vs T3): 64/71 (understaged 7) = 90.1%
Specificity (T2 vs T3) 39/47 (overstaged 8) = 82.9%
The Negative Predictive Value (NPV) expresses the fraction of cases which had no perirectal
extension on ultrasound (uTo-2) while really being pTo-2. This was 39/46 = 84.8%. Overstaging
occurred in 7 cases, understaging in 8 cases.
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Table 2
Errors in staging local extent of rectal carcinoma by IUS
Probe type

uT

ρτ

Comment

5 MHz lin

Τι u

T3

villous adenoma after several laser treatments

5 MHz lin

T3 о

Τг

poor image quality

5 MHz lin

T3 о

Тг

large tumor, artifacts

5 MHz lin

T3 о

Тг

polypoid, circular

5 MHz lin

T3 о

Тг

high tumor, upper border not reached

5 MHz lin

T3 о

Тг

ulcerating, bordering perirectal fat

5 MHz lin

T3 о

Тг

bordering perirectal fat

5 MHz lin

T3 u

T4

stenosing tumor, too high

5 MHz lin

T4 о

Тз

possible downstaging due to radiotherapy

Multiplanar-Probe

Тг u

T3

microscopic invasion, large polypoid process

Sector 5

Тг u

T3

too high for linear probe

Flexible 5 Mhz

T3 u

T4

large stenosing tumor

Radial 7 MHz

Тг u

T3

done by urologist, no hard copy

Radial 7 MHz

T3 u

T4

very large tumor, vaginal invasion

7 MHz lin

Тг u

T3

after previous polypectomy, microscopic
invasion

5 MHz lin

T0-1 u

Тг

very large polypoid villous adenoma with
carcinoma infiltrating in muscularis propria

5 MHz lin

Ti u

Тг

retrospective uTz-3

5 MHz lin

Ti u

Тг

small process infiltrating mucosa, but on
biopsy also in muscular layer, reresection:
no residual tumor

7 MHz lin

Тги

Тз

thickened muscular layer, high location

5 MHz lin

Тги

Тз

too high, polypoid villous adenoma

5 MHz lin

Тго

Ti

good quality, tumor in muscularis mucosae

7 MHz lin

Тзо

Тг

ulcerating, macroscopic infiltration of fat,
microscopically not beyond muscular layer

; MHz lin

Т30

Тг

macroscopic infiltration, microscopically not,
inflammation

uT: ultrasound stage T, pT: histopathologic stage Τ
о = overstaged, и = understaged

and 46 were women. The majority of patients
(74) were studied by the 5 MHz linear array
transducer, 19 with the 7 MHz linear array
transducer, 13 with the mechanical sector
transducer and 12 with several other
transducers. The staging results in the 118
patients are presented in table 1.
The overall accuracy for staging the five
categories was 95/118 = 80.5%. When the
results are grouped in two categories (pTi
and pTz vs рТз and PT4) the accuracy was
94.2% (103/118). The sensitivity for detecting
a tumor penetrating the rectal wall (рТз and
PT4) was 90.1% (64 correct T3 and T4 tumors
versus 71 рТз and pT4 tumors) and the speci
ficity was 82.9% (39 correct T0-1 and T2
tumors versus 47 pTo-pT2 tumors). The Posi
tive Predictive Value (PPV), which expresses
how many cases with a T3-4 stage do really
have perirectal infiltration, is 64/72 = 88.9%.
The Negative Predictive Value (NPV), which
expresses the fraction of cases without
perirectal extension on ultrasound (To-2) and
ultimately had pTo-2, was 84.8% (39/46).
Therefore overstaging occurred in 7 cases and
understaging in 8 cases.

patients studied by the 5 MHz linear array
transducer, 3 of 19 (15%) patients studied
with the 7 MHz linear array transducer, 2 of
13 (15%) patients studied with the mechanical
7 MHz sector transducer and 3 of 12 (25%)
studies with the other transducers. Underand overstaging are almost equally distributed. Technical failure leading to inadequate
imaging of the tumor was the main reason
for incorrect diagnosis in 8 cases. High location (5 cases), artifacts (2 cases) and stenosis (2
cases) lead to understaging in 5 cases and
overstaging in 3. A large mass accounted for 4
incorrect studies leading to understaging in 4
and overstaging in 1 case.
Overstaging due to peritumoral inflammation or a tumor just bordering on the perirectal fat occurred in 4 cases, understaging
being caused by microscopic invasion
occurred in only two cases. Inexperience in
the begin period lead to understaging in 2
cases, which were retrospectively correctly
staged. Previous treatment accounts for
incorrect staging in 3 cases, 2 after previous
laser treatment and one after radiotherapy.
Analysis of the location of the t u m o r vs

Lymph node involvement

staging

For evaluation of lymph node involvement
104 of the 118 patients were évaluable. Fourteen patients did not undergo a complete
resection but rather local surgical therapy.
The accuracy for IUS in detecting involved
perirectal lymph nodes was 61.5% (64 of 104),
the sensitivity was 30% (12 of 40) and the
specificity was 81% (52 of 64). PPV was 50%,
NPV was 65%.

All tumors were categorized according to
their location in the rectum in 3 areas: Low
(60 cases, below 5 cm from the anal verge),
Middle (38 cases, between 5 and 10 cm), High
(9 cases, above 10 cm) and stenosing tumors
as a separate group (11 cases). These last two
groups were taken together because stenosing tumors behave as high, poorly reachable
tumors (table 3). Staging was performed better in low than in high located tumors (accuracy respectively of 88.3 and 65%) but this difference is not statistically significant mainly
because of the small numbers in the latter
group.

Analysis of the incorrectly staged tumors

In table 2 all the incorrectly staged patients
are listed. Twenty three patients were incorrectly staged, 13 understaged and 10
overstaged. Errors occurred in 15 of 74 (20%)

j6

Table з
Analysis of the location of the tumor vs staging
Low

τ 60

Middle

N52

Τ 38

H i g h and

Τ 20

N η

stenosing

Ν 20

Ace Τ

88,3

86.3

65

AccN

61.5

Sens Τ

96.7

65
90.9

78-9

SensN

i5
96.7

31

33

62.5

ÏOO

78

90

100

Spec Τ
SpecN

57

Low, Middle, High: location in the rectum, see text. T: number of évaluable
patients for T-stage; N: number of évaluable patients for N-stage.

Table 4
Analysis of the staging results with four difFerent transducer types
5 MHz
linear
Ace Τ

Τ 74
Nói

7 MHz
linear

Τ 19
N i8

7 MHz

T : 13

sector

N 13

Others

Nl2
66,7

50

85
62

83.З
42,8

89
16

75

85,7

100

100

54.5

100

80

79,9

84,2

AccN

67

Sens Τ

94,6

SensN
Spec Τ

ЗО
83,8

SpecN

85,5

Τ 12

50
33

T: number of évaluable patients for T-stage; N: number of évaluable patients for N-stage.

Analysis of the used transducers
The 5 MHz linear array transducer was used
most frequently (74 cases) with an accuracy
for all categories of 79,7%. The results for the
other transducers are listed in Table 4. The
group with the diverse types of transducers
seems to perform worse than the other
groups. This was not statistically significant.
The relative inexperience with these transducers might account for the difference in
staging accuracy but these transducers were
also more often used in highly located and
stenosing tumors which also accounts for
poor results.

major part of this study has been carried out
with a 5 MHz linear array transducer. In
most reported studies a mechanical sector
radial scanner was applied which is currently
the "golden standard" in staging rectal carcinoma with IUS. Only 4 studies could be
found using an electronic linear or sector
array transducer, and these studies were
small (Table 5, in total 137 patients) (10,3234). As newer electronic array transducers are
combined with Color Doppler it is
important to know whether linear array
transducers are as good as radial scanners.
The comparison of data from the literature
and our own experience with the radial scanner showed no significant difference.

Discussion

Most reported incorrect staging with IUS
is accounted for by overstaging (35). Peritumoral inflammation is noted in these studies
which cannot be differentiated from tumor
infiltration (36). It has been suggested that
the inflammatory reaction responsible for
overstaging might be caused by biopsy performed 1 week before the IUS (16,19). Jochem
et al and Goldman et al mentioned also inappropriate scanning technique in highly
located (37) and large tumors (17) due to local
disturbances between the balloon and the
tumor surface. In the present study overstaging due to histopathological "inflammation"
accounts for one half of the errors.

An adequate preoperative assessment of rectal adenocarcinoma is important for
decisions concerning appropriate therapy. If
adjuvant treatment with radiotherapy is to
be used, it is also important to determine the
extent of tumor growth (3,5,7,8,29). Rectal
examination by palpation allows only recognition of large differences in degrees of invasion (30,31). IUS is capable of recognizing
rectal wall anatomy and determining the
extent of local tumor involvement. Numerous studies have shown IUS to be highly
accurate in assessing local tumor extent (T
stage, infiltration into the perirectal fat), and
to a lesser degree the detection of lymph
node metastases (9-18).
Accuracy in staging local extent of rectal
carcinoma with IUS ranges from 80% to more
than 90% in many reports (Table 5). Other
studies have shown shortcomings in staging
rectal carcinoma reporting only modest staging results (table 5,(19,20)). The present study
reports accuracy, sensitivity and specificity
within the expected range of good results
with IUS in staging rectal carcinoma. The

Understaging as a result of microscopic
invasion accounts for 50% of the understaged
cases. The other half of the understaged cases
is caused by positioning problems. This is
illustrated when the present patientgroup is
categorized according to tumor location.
Staging local extent was most accurate in the
tumors with a low location. However, these
differences were statistically not significant
(p > 0.1).
The assessment of locoregional lymph
node metastases with IUS is controversial.
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Table 5
Overview of published results of IUS staging
Reference

Year

nrof

Trans

patients

ducer

Probe

Accuracy

Sens.

all Τ stage Τ stage

Spec.
Τ stage

MHz
Alzin et al (40)

1983

41

3-5

Radial

72%

Dragsted et al (41)

1983

12

4-5

Radial

100%

Pahlman et al (42)

1984

H

5.0-7-0

Radial

43%
78.7%
86.9%

Konishiet al (3 z)

1985

47

7-5

Linear

Romano et al (43)

1985

23

3-5-7-5

Radial

Beynon et al (44)

1986

33

5.5-7.0

Radial

Kramann et al (45)

1986

29

5.0

Radial

93%

Saitoh et al (46)

1986

88

7-5

Radial

T2-T3

86.6%

100%

96%

92%

98.5%

72.2%

91%

91%

93.2%
Di Candió et al (33)

1987

55

5.0

Linear

Feifel et al (47)

1987

79

3.5-7.0

Radial

88%

Badea et al (48)

1988

40

4.0-5.5

Radial

81%

89%

Detryetal(i4)

1988

34

5.0-7.5

Radial

88%

96%

Holds worth et al (15)

1988

3«

5-5

Radial

86%

96%

50%

Prévost et al (49)

1988

20

7.0

Radial

90%

80%

Salo et al (13)

1988

25

5.0

Radial

75%

93%

80%

Yamashita et al (36)

1988

122

7-5

Radial

77-9%

87.5%

Beynon et al (39]

1989

5.5-7.0

Radial

Glaser et al (50)

1989

95 tumors 7.0

Radial

87%

88%

73 саге
Heintz et al (51)

1989

66

5.0-10.0

Radial

Rifkin et al (20)

1989

102

7.0

Radial

Rotte et al (52)

1989

3°

3.5-7.0

Lin + Rad

84%

Rufet al (53)

1989

49

5.0-7.0

Lin + Rad

87.7%

Waizer et al (54)

1989

52

4.0

Radial

82.8%

Zainea et al (55]

1989

3°

7.0

Radial

90%

Dershaw et al (11)

1990

32

б.г

Radial

T2-T3
75%

67%

77%

93%

73%

50%

90%

The accuracy of IUS in the diagnosis of
lymph node metastases is reported as being
from 61% to 86% (Table 5). The results from
Accuracy

Sens.

Spec.

Size N group

our studies are poor as accuracy is only 61.5%,

N stage

N stage

N stage

(nr of patients)

which is in accordance with the results of
Holdsworth et al who found an accuracy of
61% (sensitivity 57%, specificity 64%)(i5J. The
main cause is that the lymph nodes are not
detected resulting in a low sensitivity of 30%
in contradistinction to several other studies
which show a higher sensitivity of 72% (38)

76%

and 88% (39).

Summary
75%

94.5%

4г.-

88

This study describes the largest series of rec
tal tumors with a linear array electronic
intrarectal transducer. The staging results

50%

are comparable to those gained with
mechanical radial scanners.

16%

100%

31

67.8%

61%

28

61%

57%

36

33%

H

IUS is an accurate method of staging the
depth of invasion of rectal carcinoma.
Under- and overstaging occur in about 10%
of cases. Microscopic invasion is responsible
for understaging and peritumoral inflamma
tion for overstaging, but other, technical
problems such as a large tumor mass or an

88%
77%

95

65%

inaccessability of the tumor are of the same
magnitude.
Lymph node staging in rectal carcinoma
with a linear array intrarectal transducer
seems less accurate as compared to the com
monly used radial scanners.

50%
7U

63%

30

85%

39

40

Table 5 (continued)
Reference

Year

nrof

Trans

patients

ducer

Probe

Accuracy

Sens.

all Τ stage Τ stage

Spec.
Τ stage

MHz
Heintz et al (56)

1990

130

Hildebrandt et al (38) 1990
Jochem et al (37)

199°

50

8.0-10.0

Radial

7-5

Radial

7.0

Radial

90%

88%

75%

T2-T3

92%

76%

85%

96%

80%

80%

Milsometal (12)

1990

51

7.0

Radial

T2-T3

83%
OtTom et al (57)

1990

77

7.0

Radial

75%

93%

Pappalardo et al (58)

1990

14

7.0

Radial

92.8%

100%

Roubein et al (59)

1990

13

7-5

Radial

69.3%

Shimizu et al (21)

1990

49

7.0

Radial

T2-T3

94-7%

100%

90%

67%

95-9%
Strunk et al (60)

1990

81

8.0

Radial

87%

Napoleon et al (61)

1991

21

7.0

Radial

86%

Cho et al [61)

1991

131

7-5

Radial

83%

Goldman et al (17)

1991

32

7.0

Radial

T2-T3
81%

Tio et al (63)

1991

91

7.0

Radial

85%

Katsura et al (64)

199z

112

7-5

Radial

92%

100%

93-6%

Burtin et al [65)

1993

47

7-5

Radial

74-4%

95-г%

80.8%

Herzog et al [66]

1993

118

7-5

Radial

89%

89.7%

100%

Scialpietal(io)

1993

35

7-5

Linear

T2-T3

96.4%

85.7%

97%

24%

96%

79%

94-3%
Hulsmans et al (19)

1994

55

7-5

Radial

Rafaelsenetal(3i)

1994

94

7.0

Linear

60%
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Accuracy

Sens.
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Abstract
OBJECTIVE: Assessment of the preoperative
staging of MR with double surface coil, MR
with endorectal coil, and intrarectal
ultrasound (IUS) as correlated with
histopathologic findings.

advanced cases, and in cases difficult to assess
with ultrasound and endorectal coil
imaging.
KEYWORDS: Ultrasound, Intrarectal. MRI,
surface coils. Rectum, neoplasms.
Neoplasms, staging. Rectum, MR studies.

SUBJECTS AND M E T H O D S : Fifteen patients

with rectal carcinoma had preoperative evaluation using intrarectal ultrasound (all 15
patients), MR with double surface coil alone
[6 patients) and MR with double surface coil
combined with endorectal surface coil (9
patients). The results of the preoperative
staging were correlated with the histopathologic findings.
RESULTS: IUS correctly staged the depth of
bowel wall invasion in 10 out of 15 patients,
understaged 4 and overstaged 1. MRI
correctly staged 10 of 15 patients: without
the endorectal surface coil, 3 of 6 were correct
and with endorectal surface coil, 7 of 9. MR
with the endorectal surface coil is able to
show the rectal wall in more detail than the
double surface coil.
CONCLUSIONS: Endorectal surface coil MR
imaging provides increased detail of the rectal wall leading to better delineation of the
different layers of the wall. This may lead to
better staging results than with other MR
techniques. The results with endorectal MR
imaging probably equals those of IUS for
staging small tumors in the rectal wall. MR
with the double surface coil gives additional
information about tumor spread in more

Introduction
The prevalence of colon and rectum cancer as
the second most common cause of deaths
attributable to cancer emphasizes the importance of defining appropriate and cost-effective pre-operative studies to ensure optimal
therapy (1). New strategies for preoperative
therapy in selected cases of rectal cancer
require accurate preoperative staging (z-4).
Intrarectal ultrasound (IUS) has emerged as
an accurate method for staging local extension of rectal carcinoma (5). Recently the use
of endorectal MR surface coils was proposed
as an alternative to IUS [6]. We compared the
results of MR imaging with and without
endorectal surface coils with IUS.

Materials and methods
Fifteen patients were included in this study.
Fourteen patients (nine men and five
women) were selected on the basis of
findings at sigmoidoscopy and/or barium
enema examination and all were biopsy

proven adenocarcinoma of the rectum. In

mucosa, Тг= tumor invades muscularis pro

one case a polyp had been removed at proc

pria, Тз= tumor penetrates rectal wall into

toscopy which contained an incompletely

perirectal fat and T4= tumor invades

resected adenocarcinoma.

adjacent organs or structures. For IUS the

As part of the preoperative staging proto

interpretation of layers by Boscaini et al (7)

col of rectal carcinoma, all patients have IUS

was used. We do not accept the fifth

to assess local tumor extension and perirectal

echogenic layer described by other authors

lymphadenopathy. The fifteen patients

(8) for discrimination between Τ 2 and T3

included in this study were recruited for an

lesions. All visible lymph nodes were noted

additional MR study after approval of the

as N1 in the perirectal area. Besides the above

referring physician and formal consent by

mentioned characteristics no special data

the patient. Six patients had MR imaging

format was used.

with a Helmholtz double surface coil alone
and nine patients had MR imaging with

The image interpretations were correlated
with the histopathologic findings.

double surface coil plus additional imaging
with an endorectal surface coil.
Fourteen patients had a resection, 10 an

Imaging protocols
All patients underwent IUS with a biplane

abdominoperineal resection and 4 a low

linear and sector array 5 MHz probe (Toshiba

anterior resection. One patient died shortly

Medical Systems Europe, Zoetermeer, the

after radiotherapy was started and autopsy

Netherlands). The ultrasound study was per

results were used as comparison.
After normal fixation the surgical speci

formed in the left lateral decubitus position.
One hour before the study a cleansing enema

men was sliced in a transverse plane with

was given. The ultrasound probe was

sections every 0.5 cm through the whole

covered with a latex sheath that was filled

tumor. HE staining was used in all cases.

with water to optimize ultrasound transmis

IUS was performed in all cases by one
experienced radiologist/sonologist. The MR

sion to the bowel wall. Optimal images
required visualization of the 5 layers of the

studies were performed one or two days

rectal wall. This was achieved with the linear

before the operation. MR studies were read

array transducer of the biplane probe. In one

by an experienced MR radiologist and three

case the sector transducer was used to visual

gastrointestinal radiologists and by the

ize the tumor which was located at the rec-

sonologist. The combined MR study with

tosigmoidal junction.

double surface and endorectal surface coil (9

All 15 patients underwent an MRI-exami-

patients) were interpreted as one study. The

nation of the rectum. MR imaging with a

interpreters reached consensus in every case.

Helmholtz double surface coil was

Reading the MR and IUS images included

performed in six of the fifteen patients on a

the identification of the layers of the rectal

1.5 Tesla MR system (Philips Medical

wall, image quality and the recognition of a

Systems Europe, Best, the Netherlands).

disruption and irregularity especially at the

Straps were placed over the lower abdomen

non-luminal site of the rectal wall. The

and pelvis to help reduce respiratory

depth of tumor infiltration assessed with

artifacts. Motion artifacts due to peristalsis

IUS and MR was related to the pathologic

were reduced by giving all patients 0.5 ml

TNM classification, Ti= tumor invades sub

glucagon IV and 1.5 ml glucagon IM imme-

diately before the examination. Τι-weighted

2.44 min. For T2 weighted images in the

spin-echo (SE) images were obtained in the

axial and sagittal plane a FLASH 2D sequence

axial and sagittal plane using a TE of 35 and a

(TR 510/TE 12,15 flip angle, three acquisi

TR of 350. Matrix size was 256x256 and the

tions, FOV 200, matrix 256x256, acquisition

o

field of view was 350 mm. In some patients,

time 6.30 min) and a turbo spin echo

images were obtained in the coronal plane.

sequence were used (TPSE, TR 2940 /TE 160,

Proton density and T2-weighted transverse

three acquisitions, matrix 260x512, FOV 260,

images were obtained with a SE multislice

acquisition time 6.00 min).

technique (SE TR=20oo TE=ioo) and one data
acquisition. Section thickness used in both
sequences ranged from 6-iomm with no

Results

interslice gap. The study was performed after
a routine cleansing of the rectum with a

At pathologic examination 5 patients had

water enema. Patients were placed in a supine

tumor confined to the rectal wall and 9 had

position, in some cases the rectum was addi

perirectal spread or involvement of adjacent

tionally filled with air by insufflation.

organs. In one patient no resection was

Nine of the fifteen patients had MR imag
ing with the double surface coil and with an

undertaken because the tumor proved to be
irresectable due to severe fibrosis and/or

additional examination which employed an

large tumor extent. This patient died shortly

endorectal surface coil. These studies were

after radiotherapy was started and autopsy

performed on a 1.5-T unit (Magnetom SP,

results are used as reference.

Siemens Medical Systems Europe, Erlangen,

The results are summarized in table 1. In

Germany). Patient preparation was the same

the comparative group IUS versus MR with

as in the first group. The study started with

out endorectal surface coil, IUS performed

the double surface Helmholtz coil and a 3D

better than MR in two cases, MR was better

MP-Rage image of the whole pelvis. This

than US in one case and they were equal in 3

sequence provided an overview of the whole

cases. In the comparative group, -IUS versus

pelvis in order to detect not only perirectal

endorectal MR-, IUS performed better in 3

lymph nodes but also more distant lymph

cases (Figure 1), MR was better in 2 cases and

nodes. This technique has been described

in 4 cases they were equal.

before (9). Then the double surface coil was

On MRI with the endorectal coil the rec

replaced for the endorectal colon surface coil

tal wall was displayed in 5 layers on the T2

(Medrad, Pittsburgh, PA, USA) which by its

weighted images (Figure 1-2). These 5 layers

shape differs from the endorectal prostate

consisted of an inner layer of high signal

coil that it is more rounded and does not

intensity, a layer of low signal intensity, a

have the preshaped concavity for the prostate

middle layer of high signal intensity, a sec

(10). All patients were imaged in the supine

ond layer of low signal intensity and an outer

position. A sagittal localizing image was

layer of high signal intensity. The tumor was

obtained to select axial locations. Axial and

displayed as an isointense mass compared to

sagittal Ti (TR 420/TE 22) images with 4- or

the rectal wall on T i and was hyperintense

5-mm section thickness, a i-mm gap, 26 cm

on T2 weighted images especially compared

field of view, a 192x256 matrix and two

with the hypointense outer layer of the rectal

acquisitions resulted in an imaging time of

wall (Figure 1-2)
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Table ι
Staging rectal carcinoma, results of the three applied techniques

IUS

nr of

correct

patients

stage

image quality

15

MR with double
surface coil

6

MR with double
surface and
endorectal coil
Image quality, for explanation of 1 to 4 see text

In an attempt to classify the images on a
quality scale, all the MR and US studies were
reviewed. A subjective performance scale was
made applicable for both modalities.
1.

Excellent image, the rectal wall layers are
visible in at least more than half of the
circumference of the bowel wall.

2.

Good image, slight artifacts but not
interfering with staging. The rectal wall
layers are not seen or just slightly (Fig
ure 3).

3.

Poor image, severe artifacts interfering
with tumor staging. Signal noise
prevents visibility of rectal wall layers.

4.

Incomplete and insufficient images. Due
to artifacts or bad position of the probe
or coil only part of the tumor is visual
ized and can be evaluated.

This classification resulted in 11 excellent
IUS studies which were correct in 10 and 5
excellent MR images, all with the endorectal
surface coil, which were all correct (table 1).
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В
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Figure I A-C
A, Rectal MRI, 3D MP-Rage with
double surface coil. Lobulated
tumor in the left rectal wall, par
tially impressing the prostate
gland (curved arrow).
B, Rectal MRI with endorectal
surface coil. Lobulated rectal
carcinoma (TPSE T2WI) with a
high signal intensity. No free
margin with the prostate gland,
infiltration of the perirectal fat.
At the non-tumorous site the
normal five layered structure of
the rectal wall is seen (arrow).
C, Intrarectal Ultrasound, longi
tudinal (sagittal) view. Large
mass in the ventral rectal wall.
Clear echogenic delineation of
the prostate gland (P) from the
tumor (M) by perirectal fat
(arrows).

5
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D
E

Figure 2 A-E
A: MR with double surface coil.
SE T2WI, high signal intensity
mass in the low signal intensity
of lower rectum and anal canal
(white arrows).
Β: M RI with endorectal surface
coil. SE T2 W l , right sided mass
(m) in the rectum invading the
muscular low intensity layer of
the rectal wall (arrowheads). No
invasion of the perirectal fat.
C: IUS, longitudinal (sagittal)
view. Partially ulcerating (u)
tumor (t) in the right lateral side
of the rectal wall. Muscularis
(arrow) is invaded, no
delineation possible with the
internal anal sphincter (is).
External sphincter (es) is not
infiltrated.
D: Specimen stained with haematoxylin-eosin depicts a superficial
growing adenocarcinoma
(straight arrow) extending in the
muscular layer (small arrows).
The transition between rectal
mucosa and anal canal is seen by
the curved arrow. The internal
sphincter is not invaded by the
tumor.
E: Same specimen, transverse
section like the MRI sections, the
carcinoma is extending into the
muscular layer (arrows).
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Figure 3 A-C
A: lUS of a rectal carcinoma,
sagittal view. Centrally the
tumor is invading the perirectal
fat (curved arrow).
B: 3D MP-Rage with double sur
face coil. The tumor is invading
the perirectal fat at the same site
as seen on IUS (arrow). Differ
ent layers cannot be differentiat
ed.
C: Endorectal MRI. Severe
motion artifacts (arrowheads) on
a SETI W l show identical image
as in A and В of the tumor infil
tration (white arrow). Because
of pain patient could not sustain
a TPSE T2 W l .

Table 2
Preoperative staging of rectal carcinoma with MR
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Overview of the current literature
Ref

year

MR coil

nrof
patients

Ace Τ
staging

AccN
staging

Notes

Butch et al (17)
Küper et al (18)
Hodgmanetal(i9)
de Lange et al (11)
Ou et al (20)
Okizukaetal(2i)

1986
1985
1986
1990
1992
1993

Body
Body
Body
Surface
Body
Body

11

-

5
*7
19
35
25

MR equal to CT
MR better than CT
CT better than MR

Okizuka et al (22)

1993

Body

33

Chan et al (10)
Guinet et al (23)

1991
1988

Schnall et al [6]

1994

Endorectal 12
Body
19
Endorectal 36

100%

-

59%
90%

39%
78%

74%
-

74%
-

79%

84%

100%

57%
sens.40%
78%

sens 75%
81%

with Gadolinium
with intrarectal
balloon

Discussion

Preliminary work done by Imai et al (24)
showed that with a dedicated endorectal sur

The prognosis of rectal carcinoma is poor:

face coil in vitro the histologic layers could

despite great advances in surgical technique,

be visualized. This has been confirmed in in-

it has not changed the last decades (ι 1).

vivo studies by the group of Chan and

Patients who have a rectal carcinoma with a

Schnall and co-workers (6,10) resulting in

low potential to develop pelvic recurrence

images of the rectal wall that were compara

would benefit from local therapy (12,13)

ble to those seen on IUS and with compara

whereas patients with unfavourable tumors

ble staging results (accuracy 81%). IUS stag

in a more advanced stage could benefit from

ing is based on the recognition of the

preoperative radiotherapy (2,4). Improved

5-layers of the rectal wall composed by inter

accuracy in preoperative staging would allow

faces and real histologic layers. The fourth

preoperative radiotherapy to be

low echogenic layer represents the muscular

administered only to those patients with

layer and staging local extent is mainly based

deeply invading lesions and permitting

on the identification of this layer and infil

sphincter-saving surgery in other cases with

tration of through this layer. The reported

superficial small carcinomas. Radiologic

accuracy of IUS ranges from 64 to 94% (8,25-

modalities that have been used in staging of

30) and IUS is currently regarded the best

rectal carcinoma include CT, MR imaging

imaging modality for staging local disease

and intrarectal ultrasound (IUS).

(5). Major drawback of IUS is overstaging due
to inflammatory changes around the tumor

Staging local disease
The accuracy of staging local extent of carci
noma by CT is reported to be between 60 and
70% (14,15). Shank et al concluded that CT
scanning of primary rectal carcinoma should
not be relied upon for staging or for the
selection of patients for treatment options
(16).
Until recently there have been few articles

which cannot be differentiated from malig
nancy (8). With endorectal MR however this
problem has not been solved either (6). The
fact that in endorectal surface coil MR imag
ing the 5 layers are not constantly seen (6),
which is confirmed in our study, also limits
the potential of endorectal surface coil MR
imaging.
For planning surgical procedures in

published about the use of MRJ to stage rec

advanced cases MPJ is superior to IUS in dis

tal carcinoma (6,10,11,17-23). These studies

playing the real extent of the mass in the

can be divided in those that use a body coil

pelvis (31,32). Due to the limited view of IUS

(17-22), a Helmholtz double surface coil (11)

and endorectal coil MR imaging these meth

or the endorectal surface coil (6,10). In Table

ods are not really needed in these cases (6). In

2 results of staging are listed. The reported

the present study MR performed better than

accuracy ranges from 59 to 100% for staging

IUS in four cases. In all these cases a large

perirectal invasion. With optimal body coil

tumor was studied in which the capability of

MR technique, MR images would be equal to

MR to show more of the surrounding tissues

CT in staging local disease (17,19) and by

than IUS was responsible for the better stag

applying (double) surface coils slightly better

ing results.

(11).

(Addendum, Table 3, unpublished)

Lymph node metastases

optimal position on the tumor. The

Endorectal surface coil MR imaging and IUS

endorectal surface coil tends to migrate and

are both suitable for depicting perirectal

sometimes repositioning is needed thus pro

lymph nodes as small as 2-3 m m in diameter.

longing study time.

The perirectal nodes found in 3 patients

The patients in our study complained of

were inflammatory and ranged in size from 3

pain and discomfort during the MR study

to 5 mm. The metastatic lymph nodes in the

with the endorectal coil. This resulted in 3

mesosigmoid and iliac area in three cases

studies with more or less serious artifacts

however were not depicted with both

due to motion of the patient (Figure 3).

methods.
Differentiation of inflammatory nodes
from metastatic nodes is difficult in both

Summary

endorectal surface coil MR imaging [6] and
in IUS studies (33). The application of size

Endorectal surface coil MR gives improved

criteria to assess the status of perirectal

images of the rectal wall showing 5 different,

adenopathy would improve specificity but

histologic layers on Τ 2 weighted images. It

reduce sensitivity (6,34). Because it is impor

has the potential to give the same informa

tant that no patient with N1 disease be

tion as IUS. However, the endorectal MR

untreated, we believe it is best to maintain a

imaging technique is uncomfortable for the

high sensitivity.

patient and does not add any more informa

In contrast to endorectal surface coil MR

tion than provided by a more comfortable,

imaging, IUS is well tolerated by the patients

shorter IUS study. MR with the double sur

and artifacts are easily recognized.

face Helmholtz coil gives additional

Movement and motility during a real-time

information about tumor spread in more

IUS study are not disturbing but indicative

advanced cases. Detection of regional lymph

of fixation and ingrowth to adjacent organs.

node metastasis is still unreliable with both

The transducer can easily be placed in the

techniques.
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Table 3 (ADDENDUM)

IUS versus MR imaging with double and intrarectal surface
Case

Age

MR

MRstage
T4N0
T3N0
T4N0

1

66

2

39

3

n

Helmholtz
Helmholtz
Helmholtz

4

69

Helmholtz

5

83

Helmholtz

T4N1
perirectal
node)
T4N0

60

Helmholtz

T4N0

7

51

Helmholtz

T3N0

8

72

T4N0

9

47

10

73

11

62

12

61

Helmholtz
endo coil
Helmholtz
endo coil
Helmholtz
endo coil
Helmholtz
endo coil
Helmholtz
endo coil

13

44

14

63

15

3i

16

53

Helmholtz
endo coil
Helmholtz
endo coil
Helmholtz
endo coil
Helmholtz
endo coil

T2N0
T3N+
node 5 m m
T3N+
node 3 mm
T4N0

T3N0
T 4 N+,
2 lnn,5mm
T2N0
T0-1N0

6l

IUSstage

Pathstage

Operation
type

Comparison

T2N0
T2N0
T3N0

T2N0
T2N0
T4N+
(distant node)
T3N+
(distant node)

APR
APR
APR

IUS>MR
IUS>MR
MR>IUS,
Very large tumor causes artifacts on IUS
MR=IUS possible downstaging because
of preop. radiation

T4N0

radiation therapy,
autopsy, T4

autopsy

T3N0

irresectable, T4

laparotomy

T2N0

T3N2
(distant nodes)

LAR

T3N0

T3N0

APR

T1N0

T2N-

LAR

T3N+
T3N0
node 5 m m
T3N0
T3N0

APR

T2N0

T4N0

LAR

T3N0

T3N0

APR

MR=IUS

T3N0

T3N0

APR

IUS>MR MR overstaged lymph nodes

T2N0

T2N0

APR

MR=IUS

T0-1N0

T0N0

LAR

MR=IUS

T4N0

APR

APR

MR=IUS MR also visualized pelvic wall
infiltration, patient died shortly after start
radiotherapy
MR>IUS infiltration of the levator ani
muscle
MR=IUS tumor located at the rectosigmoid
junction, no good rectangular plane for IUS,
even 3D MP-Rage didn't show extrarectal spread.
IUS>MR poor MR image quality due to
motion artifacts
MR>IUS large villous adenoma with
carcinoma infiltration near the pedicle
MR=IUS
IUS > MR because of better preoperative
resectability assessment
MR>IUS but the perirectal infiltration was
not noted on the endorectal images but
rather on the Helmholtz images. Location
too high for IUS and endorectal MR

APR: Abdominoperineal resection; LAR: Low anterior resection
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Abstract

Introduction

OBJECTIVE: Assessment of the efficacy of
intrarectal ultrasound with Color Doppler
and Doppler flow analysis in detecting possible differences in blood flow patterns
between malignant and benign rectal
diseases.

Intrarectal Ultrasound (IUS) has emerged as
an accurate method of staging rectal carcinoma with an accuracy ranging from 81-94% f ° r
staging the local extent into the perirectal fat
in most studies (1-10). However, lower accuracy ranging from 64-72% has also been
reported (11,12). Major shortcomings of IUS
for staging rectal carcinoma are the inability
to differentiate between non-cancerous conditions like fibrosis, biopsy effects and
inflammation and cancer spread. Secondly
IUS is not capable to detect all pathologic
lymph nodes (13) and cannot reliably
discriminate between hyperplastic/reactive
and metastatic lymph nodes (14,15). Local
submucosal tumor resection and the anastomosis after low anterior resection and previous laser coagulation, seriously interfere
with adequate interpretation of IUS because
this gives rise to postoperative reactions like
fibrosis and inflammation which can not be
differentiated from cancer on gray scale
ultrasound (16-19).

SUBJECTS AND M E T H O D S : During a period

of 12 months 28 consecutive patients with
benign (9 patients) and malignant
(19 patients) rectal and perirectal diseases
were prospectively evaluated with intrarectal
Gray-scale and Color Doppler ultrasound
and Doppler flow analysis.
RESULTS: Color Doppler flow showed hypervascularity in four of the nine patients (44%)
with benign disease and in 17 of 19 cases
with carcinoma (89%). In 24 patients a
Doppler flow spectrum could be assessed.
The mean Resistive Index (RI) for the group
with rectal carcinoma was 0.78 ranging from
0.56 to 1 and was significantly different
( p < 0.005) from that of the group with
benign diseases (mean RI 0.58, ranging from
0.43 to 0.7).
CONCLUSIONS: This preliminary work suggests that Color Doppler and Doppler flow
analysis may have value in differentiating
malignant from benign rectal disease however considerable overlap in RI data exists.

Theoretically, (Color) Doppler US has
potential to solve some of the above
mentioned problems of gray-scale IUS. Color
Doppler ultrasound analysis has, in other
organs and anatomic areas, added to the
diagnostic capabilities ofgray-scale
ultrasound scanning for both detection and
distinction of different disease processes (2025). In contrast to (Color) Doppler
Ultrasound of many lesions elsewhere in the

body, the proximity of rectal lesions to the

ultrasound examination, the patient was in

transducer would tend to make Doppler

the left lateral decubitus position. One hour

studies of high quality.

before the study a cleansing enema was
given. The ultrasound probe was covered
with a latex sheath filled with water to opti

Subjects ana methods

mize ultrasound transmission to the bowel

The study group consisted of 28 consecutive

of the 5 layered ultrasound anatomy of the

wall. Optimal images required visualization
patients aged 21-90 years (mean 60 years)

rectal wall. Reading the images included the

who were examined between March 1993

interpretation of the layers of the rectal wall

and March 1994. In 19 patients there was a

and the recognition of a disruption of these

biopsy proven rectal adenocarcinoma. Nine

layers. Tumor infiltration depth assessed

patients with a rectal or perirectal lesion

with IUS was related to the pathologic TNM

were evaluated for other reasons than preop

classification, Ti= tumor invades

erative staging for rectal carcinoma. Two

submucosa, T2= tumor invades muscularis

patients with Crohn's disease had longstand

propria, Тз= tumor penetrates rectal wall

ing complaints of a fistula, one of them had a

into perirectal fat and T4= tumor invades

rectovaginal fistula, the other had a perirec

adjacent organs or structures. As the layer

tal fistula. One patient had perianal pain

interpretation described by Boscaini and

with the clinical symptoms of an inflamma

Kimmey (26,27) ' s used we did not use the

tory lesion, one patient had rectal bleeding,

fifth echogenic layer described by some other

three patients had a villous adenoma and

authors (11,28) for discrimination between

two patients were evaluated during the fol

T2 and T3 lesions. This layer is reflecting the

low-up after a locally resected Ti rectal carci

interface between the muscularis propria

noma with a local rectal wall lesion after

and the perirectal fat. An irregular infiltrated

resection.

margin of the musclar layer bordering the

All gray-scale IUS and IUS studies with
Color Doppler were performed with the
same biplane 7 MHz linear and convex array
transducer on a Toshiba SSA-270 A scanner
(Toshiba Medical Systems, Zoetermeer,
Europe). This transducer allows imaging in

perirectal fat was used to differentiate
between T2 and T3 tumors. All visible lymph
nodes larger than 2mm were regarded as N1
in the perirectal area (13,29). All images were
read prospectively.
As both transducers are mounted in one

the longitudinal plane with the linear array

probe it was not necessary to change the

transducer and semicoronal and sagittal

probe during the examination. The slow-

planes with the sector transducer. Gray-scale

flow setting was used in all instances. Power

studies and Doppler flow analysis were

and threshold setting were adjusted to maxi

recorded on hard-copy films, the Color

m u m slow-flow detection without introduc

Doppler images were recorded with a video

ing color noise. After the color display of the

imager. The gray-scale and (Color) Doppler

blood flow in the region of interest had been

studies were performed at the same time.

stabilized, the flow velocity pattern was

The examining radiologist was aware of the

determined. Reaal tumors tended to ulcer

patients' clinical history, but he was not

ate and it was found that vascularization was

notified of the biopsy results. During the

only measurable at the edge of the mass.

Table ι
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Results of IUS with Doppler flow analysis and Color Doppler in 28 patients with rectal diseases
Admission

Vascularity

RI

Range

diagnosis

Final
diagnosis

M C r o h n , fistula

a-vascular

M C r o h n , fístula

a-vascular

NA

perianal p a i n

hypervascular

0.68-0.72

perirectal absces

rectal blood-loss

a-vascular

0.7
*«

follow-up after

hypervascular

0.61

0.57-0.64

hemangioma
***

a-vascular

NA

hypovascular

0.65

0.56-0.70

pTo

villous a d e n o m a

hypovascular

0.43

0.40-0.51

pTo

villous a d e n o m a

hypervascular

0.51

0.45-0.56

pTo

rectal carcinoma

hypervascular

0.69

0.64-0.72

uT3N+,pT3No

rectal carcinoma

hypervascular

0.88

0.85-0.90

uT2Ni,pT2No

rectal carcinoma

hypervascular

0.90

0.86-0.94

uT3N2,pT3N2

rectal carcinoma

hypervascular

0.58

0.55-0.60

uT2No,pT2No

rectal carcinoma

hypervascular

0.85

0.79-0.95

uT3No,pT3Ni

hypervascular

0.91

0.87-0.95

uT3No,pT3No

rectal carcinoma

hypervascular

0.78

0.75-0.81

uT4No,pT4, chemotherapy

rectal carcinoma

hypervascular

0.75

0.67-0.82

uT3Ni,pT3Ni

rectal carcinoma

hypervascular

0.75»

0.75-0.83

uT3N2,pT3No

rectal carcinoma

hypervascular

uT2No,pT2No

rectal carcinoma

hypervascular

0.97
0.63

0.97-0.97
0.50-0.70

uT2Ni,pT3N2

rectal carcinoma

hypovascular

1

1-1

uT2No,pT2, local surgery

rectal carcinoma

hypervascular

0.77

0.67-0.83

uT3No,pT3, chemotherapy

rectal carcinoma

hypovascular

0.56

0.53-0.60

uT2No,pT2No

rectal carcinoma

hypervascular

0.81

0.79-0.83

uT3Ni,pT3Ni

rectal carcinoma

hypervascular

0.75

0.70-0.80

uT3No,pT3No

rectal carcinoma

hypervascular

0.63

0.59-0.70

uT3Ni,pT3Ni

rectal carcinoma

hypervascular

0.84

0.81-0.87

uT3Ni,pT4Ni

rectal carcinoma

hypervascular

0.81

0.79-0.86

uT3Ni,pT2Ni

NA

fístula
fístula

D u k e s A care
follow-up after

***

D u k e s A care
villous a d e n o m a
m a l i g n a n t change?

rectal carcinoma

+ radiotherapy

Note: NA = Not applicable, no arterial waveform could be obtained; Staging rectal adenocarcinoma according to TNM system, uT*N* ultrasound stage, pT*N*, pathologic, definite, stage
** Cavernous hemangioma, blood filled venous-like spaces, avascular on arteriogram
*** Follow-up of more than one year without recurrence after doppler study
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Figure I
Patient with rectal carcinoma. Intrarectal ultrasound with Doppler flow analysis. The mass is infiltrating the
muscular layer. Doppler flow analysis of intratumoral vessels shows high RI (0.83).
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Figure 2
Patient with rectal carcinoma. At the region of the entrance of a blood vessel in the rectal wall, the muscular
layer is disrupted. More lateral to this site, the tumor has not infiltrated the perirectal fat. Doppler flow
analysis reveals low RI of 0.60 so the mass could be due to inflammation. Histo-pathology revealed inflamma
tory reaction and the tumor was not infiltrating the perirectal fat.

Table 2
Resistive Indexes
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Pathologic
condition

nrof
patients

range

Mean

Standard
deviation

Median

Carcinoma
Benign

19

0.56-1.0

0.78

O.lZl

0.79

5

0.43-0.70

0.58

0.097

0.61

Peripheral impedance was prospectively
assessed, whenever an arterial waveform was
obtained, using the resistance index (RI). The
RI measurements were made in the vessels
that were identified in color. The RI was calculated by Doppler flow analysis with maximal systolic (A) and end-diastolic (B) flow
velocity by using on-board software; RI = (AB)/A. The RI was measured three times, and
the mean value was used for analysis.
The determination of hyper- and hypovascularity was made in comparison with the
vascularity in a presumably uninvolved part
of the rectal wall. A lesion was considered to
be hypovascular if the total amount of visible
blood vessels in one field of view was less
than the amount in a presumably normal
part of the rectum. Lesions were considered
hypervascular if the total amount of visible
vessels was greater in the (on gray-scale
ultrasound determined) pathologic part of
the rectum than in the normal rectal wall
(modified after Horstmann et al. 1992).
Final diagnosis was confirmed
histopathologically by resective surgery or
biopsy in all 19 malignant cases. Local resection verified the diagnosis in the three
patients with a villous adenoma. A follow-up
of more than one year corroborated the
absence of tumor recurrence in the cases that
had locally resected T i adenocarcinoma. All
other benign cases were surgically
confirmed.

Resulti
The results of each individual patient are
shown in Table 1. Nineteen patients with
rectal carcinoma had preoperative staging by
IUS. Gray-scale ultrasound staging of tumor
infiltration was correct in 15 of 19 patients
and combined with Color Doppler in 17 of
19 patients. Of the incorrectly staged
patients, one patient was understaged, and
one was overstaged. The accuracy of detecting lymph node metastases in sixteen évaluable patients (three patients didn't have a
rectal amputation and lymph node
dissection) was 75% (12/16 patients). In three
cases IUS was false positive (these nodes had
a size of 6.5 and 3.5 m m respectively, mean
4.8 mm) and in one case the lymph node
metastasis remained undetected. In 7
patients 9 malignant lymph nodes were
found. These nodes ranged in size from 3
m m to 2 cm with a mean of 6.5 mm. The
lymph nodes detected by IUS were all hypovascular, no Doppler assessment could be
made.
The carcinomas showed hypervascularity
in all but two cases (17/19 = 89%), the mean
RI was 0.78 (SD = 0.12, Fig 1). In two patients,
with suspicion of perirectal tumor extension
on gray-scale ultrasound, a low RI was found
in the perirectal mass suggesting inflammation (Fig 2). This was correlated with the histologic findings which showed no perirectal

tumor infiltration. This acounts for the bet

cerning Doppler flow analysis (23-25,31-33).

ter staging results by gray scale US combined

In ovarian malignancies, low RI's are found

with (Color) Doppler US than with gray scale

consistent with the idea that in angiogenesis

alone.

the intratumoral vessels show low

Of the nine patients with a benign disease
three lesions did not show vascularization so

impedance and a high peak systolic flow due
to arteriovenous shunting and a lack of self

no Doppler spectrum could be obtained. In

regulating mechanisms (32,33). This observa

one case of a cavernous hemangioma the

tion has also been done in a study consider

blood filled venous-like spaces did not show

ing metastatic cervical lymph nodes (31).

measurable flow. Three of these nine

Studies of other tumors show the opposite.

patients showed hypervascularization simi

Horstman et al. demonstrated three patho

lar to that found in malignancy. A normal

logically different tumors in the testes with

rectal wall is almost a-vascular except from

three difFerent RI's but overall higher than in

the normal feeding vessels. In three patients

normals (23). Schreiber et al. (25) found in

with a known villous adenoma, and in one

their quantitative evaluation of cervical

patient after local resection for a stage T i car

lymph nodes a RI of at least 0.75 as discrimi

cinoma, in a postoperative surveillance pro

native between metastatic lymph nodes and

tocol at gray-scale IUS a lesion could be

reactive lymph nodes. A possible explanation

detected and a Doppler spectrum could be

for these discrepancies found in these studies

obtained. In these patients the mean RI was

could be that metastatic lymph nodes of

0.55 ranging from 0.43 to 0.70. The mean RI

squamous cell carcinoma in the head and

for the group with rectal carcinoma (0.78)

neck area tend to necrotize and prevent the

was significantly difFerent ( p < 0.005,

development of arteriovenous shunts.

Student T-test) from that of the group with
benign diseases (RI 0.58, Table 2), however a
significant overlap exists (addendum).

We found in our study a tendency for rec
tal carcinoma to have a raised RI. Rectal car
cinoma tends to ulcerate and the high RI is
probably related to the same mechanism as
in cervical lymph nodes. In accordance with

Discussion

Horstman et аі.(гз) and confirmed by our
results inflammatory changes will induce a

Growth and progression of tumors are

low RI. In two patients with perirectal exten

dependent on the process of neo-vasculariza-

sion of tumor on gray-scale ultrasound, we

tion (angiogenesis). These new vessels have

found a low RI in that specific area and we

abnormal characteristics including frequent

concluded that inflammatory changes would

presence of arteriovenous anastomoses and

be more likely than tumor spread. In these

the deficiency of muscular elements in the

two cases the tumor was confined to the rec

vascular wall. On the basis of this theory of

tal wall and overstaging was avoided. Spec

neo-vascularization, it has been shown that

tral flow analysis might have a considerable

angiogenesis occurs during the transition

impact on staging local tumor extent if

from hyperplasia to neoplasia (30). Although

perirectal inflammation can be

this angiogenesis could be discovered on

distinguished from tumorgrowth.

Color Doppler US as hypervascularization
(20), contradictory results are reported con

Starting with (Color) Doppler IUS we
hoped that the accuracy in staging

Iocoregional lymph nodes would improve.
Although Hildebrandt et al. stated that
involved nodes can be differentiated by
determination of ultrasound parameters as
acoustic impedance, speed of sound, attenuation and back scattered amplitude (34), this
was not confirmed by other authors (1,13,35).
The work done by different other authors on
cervical lymph nodes showed that the use of
Doppler US could provide an improvement
in the diagnosis of nodal involvement
(25,36). Unfortunately, the perirectal lymph
nodes in our material did not show a
measurable vascularization. Therefore, Color
Doppler IUS can only be used to differentiate
vessels from other hypoechoic perirectal
structures as lymph nodes.
On the basis of our results it is still
unclear whether a Ti tumor can be detected
by Color Doppler IUS alone.
As hypervascularity detected on Color
Doppler IUS is indicative for pathology like
inflammatory changes or recurrent carcinoma, an increased vascularity in the region of
a former resection, or at the anastomosis,
should raise suspicion of recurrence in the
postoperative management of patients and
(IUS guided) biopsy is needed.

Summary
These first results of Doppler flow analysis in
reaal diseases show that this technique may
play a role as an adjunct to gray-scale IUS in
differentiating between benign and malignant tumors. The hypervascularity detected
by color may also help to direct the physician
to an appropriate site for biopsy. A high
resistive index detected within a color hypervascularity mass suggests a malignant rather
than a benign focus, so this region would be
particularly appropriate to biopsy within the
hypervascular tissue. It will probably not be
of significant value in assessing perirectal
lymph node involvement. Furthermore,
(Color) Doppler IUS seems promising in the
follow-up of patients after previous
treatment for rectal carcinoma.
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Addendum:
Resistive Indexes of 24 patients with benign and malignant rectal disease.
Graphic display of the distribution of Resistive Indexes in patients with benign and malignant rectal disease.
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Abstract

Introduction

OBJECTIVE: TO determine if Color and
Pulsed Doppler can aid in the differentiation
of benign from malignant rectal tumors during Intrarectal Ultrasound (IUS).

Intrarectal Ultrasound (IUS) has emerged as
an accurate method of staging rectal carcinoma with an accuracy ranging from 81-94% for
staging the local extent into the perirectal fat
in most studies (1-10). However, lower accuracy ranging from 64-72% has also been
reported (11,12). Major shortcomings oflUS
for staging rectal carcinoma are the inability
to differentiate between non-cancerous conditions like fibrosis, biopsy effects, inflammation and cancer spread. These are the
main reasons for incorrect staging (11). Second challenge for IUS is the differentiation
between benign villous adenoma and its
(early) malignant change (13,14) as random
biopsies cannot detect malignancy in every
case (15). Thirdly, early signs of local recurrence in the follow-up of patients after local
resection (16) or local recurrence after low
anterior resection for carcinoma are difficult
to detect on gray-scale images alone and (US
guided) biopsies are needed in many
instances (17-21).

SUBJECTS AND M E T H O D S : During a period

of 15 months 47 consecutive patients with
rectal tumors or in follow-up (33 patients
with rectal cancer: primary or recurrent versus 14 patients with either a benign tumor or
absence of recurrence after resection of carcinoma) were prospectively evaluated with
intrarectal Gray-scale and Color Doppler and
Doppler flow analysis. Histopathologic diagnosis was obtained by surgery and/or biopsy.
RESULTS: Color Doppler flow showed hypervascularity in most of the benign and malignant rectal tumors. In 44 patients a Doppler
flow spectrum could be assessed. The mean
Resistive Index (RI) for the group with rectal
carcinoma was 0.75 ranging from 0.56 to 1
and was significantly different ( p < 0.005)
from that of the group with benign lesions
(mean RI 0.62, ranging from 0.43 to 0.84) but
with a considerable overlap.
CONCLUSIONS: The RI tends to be higher in
malignant rectal tumors, but it can not be
used reliably to differentiate benign from
malignant lesions. A lesion with a high RI
should raise suspicion of malignancy, however a low RI value does not exclude cancer in
this lesion.

Color Doppler ultrasound analysis has, in
other organs and anatomic areas, added to
the diagnostic capabilities of gray-scale
ultrasound scanning for both detection and
distinction of different disease processes (2227). Until now only one report exists about
the use of IUS with Color Doppler and
Doppler flow analysis for differentiation of
cancer from benign processes affecting the
rectum (28).

Subjects and methods
Between March 1993 and December 1994 47
consecutive patients aged 21-90 years (mean
60 years) were examined with Gray-scale,
Color and Pulsed Doppler Intrarectal Ultrasound. Thirty-eight of these patients were
referred for IUS staging of a clinically or
endoscopically detected primary rectal
tumor. Nine patients were in follow-up after
a local resection of a malignant tumor clinically staged as Dukes A, histopathologically
as Ti. One of these patients received
additional radiotherapy. Potential
recurrence in this group of patients had to be
excluded. These studies were performed
between 3 months and 2 years after the initial surgery.
Histopathologic verification was possible
in 41 cases by surgical resection (35 cases) or
by biopsy [6 cases). The 6 patients without
histopathological correlation had former
local resection of a rectal carcinoma and
remained without clinical signs of
recurrence for at least half a year after the last
IUS study.
All gray-scale IUS and IUS studies with
Color and Pulsed Doppler were performed
with the same biplane 7 MHz linear and
convex array (PVL 725 RT rectal) transducer
on a Toshiba SSA-270 A scanner (Toshiba
Medical Systems, Zoetermeer, Europe) which
allows imaging in the longitudinal plane
with the linear array transducer and
semicoronal and sagittal planes with the sector transducer. Gray-scale studies and
Doppler flow analysis were recorded on
hard-copy films, the Color Doppler images
were recorded with a video imager. All studies were performed by one radiologist. The
gray-scale and (Color) Doppler studies were
performed at the same time. The examining
radiologist was not blinded to patients clini-

cal history, clinical and endoscopical
findings but was not notified of the biopsy
results. During the ultrasound examination
the patient was in the left lateral decubitus
position. One hour before the study a cleansing enema was given. The ultrasound probe
was covered with a latex sheath filled with
water to optimize ultrasound transmission
to the bowel wall. Optimal images required
visualization of the 5 layered ultrasound
anatomy of the normal rectal wall. This was
mainly achieved with the linear array transducer of the biplane probe. The convex sector transducer which is 7 MHz as well produces not always the 5-layered anatomy
because the ultrasound beam is not perpendicular to the rectal wall. All images were
read prospectively.
As both transducers are in one probe it
was not necessary to change the probe during the examination. The slow-flow setting
was used in all instances. Power and threshold settings were adjusted to maximum
slow-flow detection without introducing
color noise. After the color display of the
blood flow in the region of interest had been
stabilized, the flow velocity pattern was
determined. Peripheral impedance was
prospectively assessed whenever an arterial
waveform was obtained using resistance
index (RI). The RI was chosen to assess the
impedance within the vessels independently
from the Doppler angle. The RI measurements were made in the vessels that were
identified in color. The RI was calculated by
Doppler flow analysis with maximal systolic
(A) and end-diastolic (B) flow velocity by
using on-board software; RI = (A-B)/A. The
RI of each color flow sample was measured
three times, and the mean value was used for
analysis.
The determination of hyper- and hypovascularity was made in comparison with the

Table ι
Final diagnosis and RI in 47 rectal tumors and lesions
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Diagnosis

nr of lesions

mean RI

range RI

rectal carcinoma

30

0.75

0.56-1

recurrent rectal
carcinoma

3

0.74

0-73-0-75

villous adenoma

8(7*)

0.57

0.43-0.66

follow-up after
resection T i or Τ 2 tumor

6(4*)

0.68

0.55-0.84

total malignant

33(33*)

0.75

0.44-1.00

total benign

14(11*)

0.62

0.43-0.84

Number of évaluable RI's

Table 2
Distribution of vascularity findings on Color Doppler in all 47 patients
IUS

Color

Histology
Malignant

Doppler

hypervas cular
"normal"
total

Benign

pnm.
cancer

recurrence

total

villous
adenoma

no recurrence

total

28

3

31

4

4

8

2

-

2

4

2

6

30

3

33

8

6

14
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Figures Ι Α + Β
Patient with a rectal mass, biopsy proven adenocarcinoma. Gray-scale ultrasound shows a mass lesion
with infiltration of the perirectal fat (arrow, I A) and hypervascularity on Color Doppler (В). The RI of
a tumor vessel is: 0.91.
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Figure 2
Patient 2 years after local resection for a Dukes A (TI) adenocarcinoma. Small defect in the muscle layer
of the rectal wall (arrow), the normal layers can not be seen. No mass lesion, no increased vascularization
is noted on Color Doppler IUS. Benign alterations after local resection. Note the absent color signals in
the normal rectal wall. Proven case of benign postsurgical changes because follow-up revealed no tumor
recurrence.

Figure 3
Patient 2 years in follow-up after local resection of a T I , adenocarcinoma. IUS studies have been performed
in the follow-up. Due to a lesion found on gray scale ultrasound, the patient was examined every 4 months
during the first year, semi-annually thereafter. The lesion did not change on ultrasound. On (Color) Doppler
the lesion is hypervascular and shows high RI (0.79). Repeated biopsies and follow-up clinically and by IUS
did not reveal a tumor recurrence.

vascularity in a presumably uninvolved part

study. These were all benign cases, two of

of the rectal wall. Color signals in the rectal

them were a-vascular lesions in follow-up

wall are sparse, the submucosal plexus is not

patients after resection of a T i rectal tumor

visualized. A lesion was considered to be

(Fig 2), and one was a case of a benign villous

hypovascular if the total amount of visible

adenoma.

blood vessels in one field of view was less

In all 33 malignant cases a Doppler spec

than the amount in a presumably normal

trum could be obtained. The mean RI was

part of the rectum. Lesions were considered

0.75 (SD = 0.12). This RI was significantly dif

hypervascular if the total amount of visible

ferent (Students Τ Test, p=o.ooi7) from that

vessels was greater in the (on gray-scale

of the group with benign diseases (RI 0.62,

ultrasound determined) pathologic part of

Table 1), however a significant overlap exist

the rectum than in the normal rectal wall.

ed (Fig 4).

This classification is modified from
Horstman et al who used similar criteria in
testes (25).

Discussion

Final diagnosis was confirmed by resective surgery or biopsy within one month

The growth of malignant tumors depends

after the IUS examination or, if biopsies were

on angiogenesis, with the development of

negative, a clinical follow-up for at least 6

abnormal blood vessels with walls that have

months.

little or no smooth muscle support. These
new vessels have abnormal characteristics
including frequent presence of arteriovenous

Results

anastomoses (29). Although this angiogene

The final diagnosis in 30 patients was a pri

as hypervascularization (22), contradictory

sis could be discovered on Color Doppler US
mary rectal carcinoma (8 patients had a T2,

results of Pulsed Doppler assessments are

18 patients a T3 and 4 patients a T4 tumor), 8

reported (25-27,30-32). In ovarian malignan

tumors turned out to be a benign villous

cies low RI's are found consistent with the

adenoma. Of the 9 follow-up cases 3 had a

idea that in angiogenesis the intratumoral

local recurrence and 6 remained free of

vessels show low impedance and a high peak

recurrence (Table 1). Hypervascularization

systolic flow due to arteriovenous shunting

was found in 39 of the 47 cases (83%), in 31/33

and a lack of self regulating mechanisms

malignant cases (94%, Figure lA and B) and

(31,32). This observation has also been done

in 8/14 of the benign cases (57%, Table 2).

in a study considering metastatic cervical

Hypovascularization was found in eight

lymph nodes (30). In several other studies

lesions (Figure 2), two of them were malig

however high RI's are reported in malignant

nant. The hypervascularization found in 8 of

diseases (25,27).

the 14 benign rectal tumors was similar to
that found in malignancy (Fig 3).
In 44 of 47 cases a Doppler spectrum

The proximity of rectal lesions to the
intrarectal transducer allows Doppler studies
of high quality. In a recent study normal rec

could be evaluated, in three cases no Doppler

tal wall Duplex and Color Doppler US was

spectrum could be obtained and no vascular

evaluated (28). These authors came to the

ization was noted in the Color Doppler

same finding that color signals in the normal

8ι

Ω

Ο)
-О

RI value

Figure 4
RI values of 47 patients with benign (14 cases) and malignant (33) rectal lesions.

rectal wall are sparse and a duplex waveform
is hard to acquire.
Hypervascularity was noted in a great
proportion of the patients with a rectal wall
lesion (83%). Absence of color interpreted as
hypovascularity was found in six cases, two
of them being malignant. However, a significant difference between benign and malignant rectal wall lesions is not evident. In the
follow-up after local resection for rectal carcinoma hypervascularity could be indicative
for pathology like recurrent carcinoma. An
increased vascularity in the region of a
former resection or at the anastomosis could
raise suspicion of recurrence and (IUS guided) biopsy may be needed.
We found in our study a tendency for rectal carcinoma to have a higher RI than
benign tumors and other rectal wall lesions.
The only study concerning rectal tumors
revealed peripheral impedance findings
which were contradictory to our findings
(28). Although in this study PI was measured
in stead of the RI the PI values were significantly lower in abnormal, malignant tissue
(seven cases) than in normal rectal mucosa.
RI and PI are both indices for peripheral
impedance and they are both not affected by
the Doppler angle and give more or less the
same information. A high RI and PI means a
high peripheral impedance while low values
indicate low impedance.
In the present study a considerable overlap of RI values was found between the

groups with benign versus malignant rectal
wall lesions. This has been reported in most
studies concerning duplex as well (25,30-32).
On the basis of our results it is unlikely
that a Ti tumor can be detected by (Color)
Doppler IUS alone. Hypervascularity and a
raised RI can indicate a malignant change
but considerable overlap exists with the
group of benign lesions. A low RI and hypovascularity found in a villous or
adenomatous polyp does not exclude malignancy. In patients with villous adenoma and
severe dysplasia on biopsy, IUS and Color
and Pulsed Doppler may direct to a more
conservative e.g. sphinctersaving approach
when no infiltrative growth is noted on
Gray-scale ultrasound combined with hypovascularity and low RI on Doppler studies.

Summary
These results of Color Doppler IUS in rectal
tumors show a tendency of higher RI values
in malignant tumors, but a considerable
overlap between benign and malignant
lesions exists. Hypervascularity detected by
Color Doppler may direct (US-guided) biopsy. Color Doppler IUS might play a role in
the follow-up of patients after previous
treatment for rectal carcinoma.
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Introduction

Materials and methods

In the Netherlands there are almost 2300
new cases of adenocarcinoma of the rectum
or rectosigmoid each year (1). The
proportion of male to female patients is 5:4.
About 60% of all patients are treated with
intentionally curative surgery. Nevertheless
the prognosis is poor, with a 5-year survival
rate of approximately 45% (2). This must
mainly be attributed to the development of
local recurrence, which occurs in 30% of all
patients (3-6). Some of those recurrences can
be detected by rectal examination, barium
enema, colonoscopy or rectoscopy. However,
these methods cannot be used after a resection of the rectum, and the recurrent tumor
may have extended considerably and caused
serious complaints before it can be
diagnosed (7).

Between 1978 and 1982 188 patients with carcinoma of the rectum and rectosigmoid were
seen in two Nijmegen hospitals, the Canisius
Wilhelmina Hospital and Academic Hospital
St Radboud. The primary tumor was located
at less than 15 cm. from the anal verge at rectoscopy. 123 patients of this group had
undergone intentionally curative surgery. Of
this group 15 cases had to be left out due to a
lack of further clinical information regarding the follow-up; the remaining 108
patients, on whom this study is based, consisted of 64 men and 44 women. Age at the
time of operation was between 25 and 89
(average: 64.5; median: 67.6). 57 patients had
had resection of the rectum, and 51 a low
anterior resection (Table 1).

Early detection of the recurrent tumor
may sometimes lead to curative treatment,
more often to palliative treatment (8,9).
In recent years, computed tomography
(CT) has received recognition as a diagnostic
aid in cases of recurrent carcinoma of the rectum and rectosigmoid (10,11). The present
article will discuss the applicability of CT for
detection of recurrent rectal carcinoma,
especially in relation to patients who have
undergone an intentional curative resection
of the primary tumor.

The follow-up period ranged from 12
months to 5 years after the operation, with a
median duration of 28 months. The closing
date of this study was 1 November 1983.
During the follow-up 38 CT scans of the
pelvis were obtained from 27 patients (one
from 19 patients; two from 6 patients; 3 from
two patients; 4 from two patients). Twelve
scans were made during the first year after
the operation; 20 during the second, and 6
during the third year.
The follow-up consisted of clinical examination at regular intervals and non-routinely
CEA determination (63 patients). A local
recurrence is defined as a tumor recurring in
the previous operative field after a presumed
curative resection.

90

Table ι
Clinical data o f 108 patients with carcinoma o f the rectum or rectosigmoid w h o had
intentionally curative surgery between 1978 and 1982; and o f the 36 patients from this group
w h o developed a local recurrent tumor during the follow-up period (median duration: 28
months).
patients with intentionally

recurrent tumor (%)

curative resection
nr o f patients

108

36(33)

men

64

18(28)

women

44

18(40)

low anterior resection

57

18(31)

abdominoperineal resection

51

18(35)

97
11

35(36)

surgery

histology
adenocarcinoma
malignant villous adenoma

i(9)

growth pattern
ulcerating

62

20(32)

exophytic

21

6(29)

diffuse

17

6(35)

unknown

17

4(5o)

well

12

1(8)

intermediate

62

4(37)

poor

17

8(47)

unknown

17

4M

differentiation

TNM-Stage
T1N0

1(7)

T2N0

15
22

T2N1

4

3(75)

T3N0

34

T3N1

22

"(3*)
ii(5o)

T3N2

10

7(70)

unknown

1

г[9)

1(100)

Results
Of the 188 patients with rectal or
rectosigmoid carcinoma, 123 (86%)
underwent an intentionally curative resection. Data obtained from 108 patients are
listed in Table 1. In order to indicate the
extension of the primary tumor, the
histopathological TNM-classification was
used. In 36 patients a local recurrence was
found (20 cases were proved histologically, 16
by clinical progression). In 20 of these local
recurrences one or more distant metastases
had developed. In seven patients distant
metastases had developed without a locally
recurring tumor. The cumulative chance for
a local recurrence within 5 years was 50% (12)
(Fig. 1). In Table 1 the failure patterns for 108
patients are subdivided according to the
TNM staging system. In the node negative
groups (T1-3, No) pelvic recurrences were
found in 14 of 71 cases (20%) and in 22 of 37
cases (59%) in the group of patients with
lymph node metastases while in patients
with a malignant villous adenoma only in 1
of 11 cases (9%) a local recurrence was found.
Local recurrence was generally heralded
by clinical symptoms of which an altered
bowel habit, perineal discomfort and pain,
micturition complaints and general malaise
were most frequently the initial complaints.
During the follow-up, 38 CT scans were
obtained from 27 patients (20 studies in
asymptomatic patients, 10 in symptomatic
patients and 8 to evaluate radiotherapy).
Finally 16 patients turned out to have a locally recurrent tumor. On 29 of 38 scans a mass
was seen, 9 cases of which were recognized as
granulation or scar tissue whereas 20 cases
could not be specified.
Other changes revealed by CT were: prolapsed bowel loops (3) and prolapsed bladder
(8). The CEA was determined in 63 patients

at least once. We suspected recurrence when
levels higher than 5 ng/ml were found. In
Table 2 sensitivity and specificity are calculated for raised CEA, CT, and clinical examination (anamnesis, physical examination and
rectoscopy). Sensitivity is defined as the percentage of true positive test results in the
case of a local recurrence. It appears that CT
examination has a greater (81%) sensitivity
than CEA determination (72%). On the other
hand, the specificity of the former method is
73% as opposed to 95% for the latter. Consequently these tests would produce 27% and
5% false-positive results respectively in
patients where recurrences have otherwise
not (yet) been found.
The life table method was used to calculate chances of survival for all 108 patients
(12). Figure 1 indicates that chances of a
3-year survival are approx. 60%. This figure is
strongly influenced by the eventual development of a local recurrence.

Discussion
Of our 108 patients, 36 (33%) developed a
locally recurrent tumor. Depending on the
duration and method of follow-up a smaller
or larger number of local recurrences, with
or without distant metastases will be found
(4-6,13,14). There is general agreement on
the relation between the local extension of
the primary tumor (TNM stage) and the
development ofa recurrence (5,7,14,15).
The local recurrence is often accompanied
by symptoms. A characteristic complaint is a
pain felt deep in the pelvis that is described
as the post-proctectomy syndrome (16).
These complaints turned out to be ominous
signals from our patients, since 95% did have
a local recurrence in an extensive and incurable stage.
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Figure I
Chances of survival and cumulative chances of recurrence (95% reliability interval) in 108 patients after cura
tive surgery for rectal or rectosigmoid carcinoma.

Table 2
Sensitivity and specificity of three methods for the detection of local recurrence after curative
surgery for carcinoma of the rectum
method

local recurrence
yes

no

nr of
patients

positive

sensitivity nr of
patients

negative

physical
examination

36

34

94%

72

66

92%

CEA

25

18

72%

38

36

95%

computed
tomography

16

13

81%

11

8

73%

In some cases only radiotherapy led to
palliation. The recurrent tumor generally
reacts positively to radiotherapy, although
cure is never achieved (17). This leads to high
morbidity rates, which stresses the need even
more to detect the recurrent tumor at an
early stage in order to effectuate a better palliation, or even cure.
Since 1978 both Nijmegen hospitals have
increasingly used CT after an abdominoperineal or low anterior resection for a rectal
or rectosigmoid carcinoma. At the time of
writing (1986) CT is the only available
method of imaging the pelvis. Good results
have been reported for Nuclear Magnetic
Resonance (NMR) imaging as well, but a
wide application ofthat method is still in
the future (18). CT's good performance is in
part due to the fixed position of the anus and
the rectum, which prevents peristaltic artifacts, and to the fatty tissue around the
organs in the pelvis producing images with a

specificity

marked contrast. The relative position of the
organs is clearly visible, which is of great
help in detecting infiltrating growth.
Especially after a resection of the rectum
and the anus major anatomic changes tend
to occur within the pelvis. These will play an
important part in the differential diagnosis
when a recurrent tumor is suspected on a CT
scan. After the operation the space of the former rectum will fill with granulation or scar
tissue. Adjacent organs will move, such as
the bladder and small bowel loops which are
likely to prolapse. In women a prolapsed
uterus may appear as a soft tissue mass. The
major problem in diagnosing a local recurrent tumor on CT scans is to distinguish
between a soft tissue mass caused by the
changes just mentioned, and a (small) local
tumor recurrence.
In several studies authors have tried to
define the characteristics of a recurrent
tumor, e.g. the irregular margins of a mass

(ïp) or blurring edges of organs such as the
uterus and bladder (20). According to Grabbe
et al. an ill-defined tumor without
surrounding fat is typical of a recurrent carcinoma (21,22). Characteristic of extended
tumor growth are the destruction of bone,
infiltration into muscles, and impression or
invasion of other organs. CT-guided fineneedle biopsies can be taken from tissues in
the pelvis. This method considerably adds to
the value of CT (23,24). In recent years there
have been growing expectations as to the
reliability of CT in detecting recurrent
tumors (19,20,24-29). In its advisory report
the National Health Board of the
Netherlands recommends the start of
research programmes that will evaluate the
use of regular CT scanning in the follow-up
of patients after an operation for rectal carcinoma (30).

ed sensitivity was based on only a small
number of patients. Besides, it is important
for early diagnosis to know the sensitivity of
various methods to local recurrences that
still are in early stage of growth. The effects
of periodical examination with CT scans
and/or CEA monitoring on palliation or even
cure should be carefully evaluated.

Conclusions
Follow-up after intentionally curative resection for rectal or rectosigmoid carcinoma is
rational as long as an early detected
recurrence of a tumor can still be treated, or
when the quality or duration of the patient's
life will benefit from treatment.

There is general consensus on the value of
CT in determining the field for radiotherapy
(10,17), but its importance for early diagnosis
of recurrence in still not obvious. Our study
shows that it is hard to recognize early signs
of a local recurrence on a CT scan. We, and
others, are doubtful concerning the CT's
diagnostic capability during post-operative
surveillance of patients (8,10,11).

Should new diagnostic methods offer no
prospect of really curative or palliative treatment, they must not be applied (32). Our
retrospective analysis of the value of CT scanning for the early detection of recurrent
tumors demonstrates that it is difficult to
distinguish between benign postoperative
changes and recurrent tumor. The efficacy of
CT may be increased by making a so-called
baseline scan 6-10 weeks after the operation
as a reference for later CT examinations.

Compared to the sensitivity of CEA assessment, CT apparently produces better results,
but in many cases the tumor was already in
an advanced stage and was suspected on clinical evidence (Table 2). In two patients
elevated CEA was found before they showed
clinical symptoms. Monitoring CEA seems
to offer opportunities in detecting the recurrence at an early stage (10,31). But here, too,
one must take into account that the calculat-

More than any other laboratory test,
rising CEA indicates the development of a
local recurrence. A combination of this test
with anamnesis and CT seems valuable for
the follow-up. A proper follow-up should,
therefore, include a baseline CT scan, 6-10
weeks after the primary operation, followed
by frequent CEA determination and, every 6
months, a CT-scan of the pelvis, specific
anamnesis, and physical examination.
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Introduction
Local recurrence of carcinoma of the rectum
develops in 30-50% of those patients who
have had an intentionally curative resection
for rectal carcinoma. Of these local
recurrences 80% develops within 2 years after
primary resection (1,2). Computed tomography (CT] is considered the best method for
the detection of recurrent tumors (3,4). A
major drawback of CT is the difficult differentiation between post-operative or postirradiation fibrosis and early recurrence,
even when post-operative CT scans are available (5,6).
In recent years other imaging techniques,
such as MRI (7-11), intrarectal ultrasound
(12-14), a n < l immunoscintigraphy (15,16)
have claimed better results. These methods,
however, all have their particular disadvantages when used in the follow up of patients.
MRI, with or without GD-DTPA, is expensive and time-consuming. Intrarectal ultrasound is only possible after sphincter saving
resections; scintigraphy with monoclonal
antibodies has until now only been carried
out under experimental conditions, it is
expensive and has to be used in combination
with CT. A survey of recent literature on new
diagnostic techniques shows that also these
methods have difficulty in distinguishing
between recurrent tumors and fibrosis, especially after post-operative radiotherapy
(8,9,11,14,17,18).

Earlier research was inconclusive regard-

ing the sensitivity of CT as far as the detection of early local recurrent tumors is
concerned and, consequently, there was no
unanimity on the value of CT for the follow
up of patients (6,19,20). On the other hand,
these negative results were often caused by
the selection of patients and clinical data. To
avoid these problems, we set up a Receiver
Operating Characteristic (ROC) test, which
allows for an objective evaluation of a diagnostic method, regardless of the patients
selected. Besides this, an ROC test allows for
comparison of different observers and a
variety of diagnostic techniques (21-26).
Finally, a separate evaluation of CT scans
was done, the conlusions of which were
compared with results already known from
the literature.

Materials and methods
This retrospective study is based on 209 CT
scans obtained during the follow-up of 72
patients who had had an intentionally curative operation for primary adenocarcinoma
of the rectum or rectosigmoid. Follow-up of
these 35 women and 37 men had lasted two
years or more.
Fifty-nine patients had undergone more
than one CT scan during the follow-up, 38 of
this group were scanned three times or
more. Three types of surgical resections had
been carried out. In 32 patients the rectum
was excised completely (abdominoperineal

loo

Table ι
Area under the curve (A.U.C.) for four observers with standard deviation (S.D.]

Observer ι
Observer 2
Observer 3
Observer 4

A.U.C.

S.D.

0.69

0.053

0.72

0.051

0.74

0.050

0.78

0.046

Table 2
Detection of early local recurrent rectal carcinoma by CT. Patient distribution, type of
operation and performance of CT

male
female
low anterior resection

recurrence

no recurrence

totals

22

14

13

*3

36
36

17

21

38

Hartmann procedure
abdominoperineal resection

2

0

2

16

16

3*

CT correct
CT wrong

30

30

60

5 (false negative)

7 (false positive)

12

Table 3
Appearance of CT images of patients with local recurrence
CT

abdominoperineal

low anterior resection

appearance

resection

or Hartmann procedure

male

female

-

-

5
-

3

-

1

1

1

2

2

1

6

7

3
-

4

2

16

1

-

4

3
totals
Group о to 4 see text

11

male

female

totals

male and female
8

35

resection, APR), 38 patients had undergone a
sphincter-saving low anterior resection
(LAR), and in 2 cases a Hartmann procedure
had been followed, which entails excision of
the tumor, leaving the distal part of the rectum in situ, and making a colostomy.
All three groups of patients had an equal
distribution of sex and age.
The examinations were performed on
either a Philips Tomoscan 350 or a Siemens
Somatom DR3. The whole pelvis was
scanned with 8-10 mm contiguous slices.
Oral contrast material (500 ml. of 10% Telebrix) was administered 45 mins. and 5 mins.
(250 ml.) before examination. Intravenous
contrast material [76% Urografin) was not
routinely used.
When during the previous 2 years of follow-up no clinical signs of recurrent tumor
were found, the CT image of the pelvis was
presumed normal, without local recurrence.
The only exception was one patient who had
died as a result of post-operative radiation
enteritis one year after LAR. Post mortem
examination revealed no evidence of local
recurrence.
In this study the final diagnosis of recurrence
was made by histological examination by
means of fine-needle, endoscopic or surgical
biopsy.
We started our study with an ROC analysis based on 100 of 209 CT scans that were
available. Fifty scans showed recurrence; 50,
obtained from 35 patients, were without
recurrence 15 of whom had been scanned
twice. Four experienced radiologists in reading CT were asked to assess the presence of
recurrent tumors on the scans that were
shown to them. They were given no clinical
data apart from sex, age, and type of operation. They could choose from five possible
answers: definitely (90-100%); probably (6089%); possibly (40-59%); probably not (10-

39%), and definitely not (0-9%). The observers
did not have to motivate their answers.
In the second part of our study we
analysed the CT scans of all 72 patients: 35
with local recurrent tumor and 37 without
recurrence. In order to compare the results
with the data as known from literature we
grouped the scans according to the classification as proposed by Adalsteinsson et al. (6):
0.

1.
2.
3.
4.

a normal image without mass, or only
minimal fibrous bands in the perirectal
fat (Fig. 1);
a central, well defined symmetrical globular mass (Fig. 2);
a flat presacral mass, streaky and well
defined (Fig. 3);
an irregular, asymmetrical or eccentric
globular presacral mass (Fig. 4);
a globular mass with a central area of
low attenuation without gas or air
(Fig· 5)·

Sensitivity, specificity and accuracy were calculated afterwards, based on all scans.

Results
Fig. 6 shows the individual ROC curves of
the four observers. The area under the curve
(AUC) refers to the detectability of
recurrence of rectal carcinoma on CT scans.
The more recurrence is detected by the
observer, the higher this curve will be in the
top left quadrant and, accordingly, the larger
the AUC will be. These areas were computed
for each of the observers. The results are listed in Table 1: they vary from 0.69 to 0.78,
with a standard deviation of 0.046-0.053. All
AUC were statistically over 0.50. This shows
that CT does give an, albeit slight, indication
of local recurrence, since an AUC smaller
than 0.50 provides no evidence.

Figure I
66 year old man, 3 years after LAR. A recurrence at the anastomosis was discovered by endoscopy. On CT
minor asymmetry adjacent to the anastomosis (arrow), but still regarded as normal. No mass. False-negative
CT.

Figure 2
71 year old woman, 13 months after APR. No complaints. Symmetrical, globular, homogeneous presacral
mass (arrows). Patient did not develop recurrence during the 5 year follow up after this CT.
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Figure 3
36 year old man, I year after APR. Flat, streaky presacral mass, benign (arrows). Patient did not develop
recurrence. Doubtlessly negative CT.

Figure 4
62 year old woman, 5 months after APR. Perineal discomfort. CT shows an asymmetrical, irregular globular
presacral mass (arrows), with muscle involvement (small arrows), strong suspicions of local recurrence. Biop
sy proved recurrence. Correct positive CT.
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Figure 5
70 year old woman, 19 months after APR. Well-defined, globular mass with hypodense central part. Histologic examination proved recurrence.

True Positive Fraction

Figure 6
Individual ROC curves from 4
observers who assessed CT scans
of patients after radical surgery for
False Positive Fraction

rectal carcinoma.

C T Results

(no patients in Group 4); they were a-

Table 2 contains the main data concerning

symmetrical in 7 cases and unsharply

the group of patients. There was an overall

defined in 4 cases. 14 patients showed no

accuracy of 83%. Of 38 patients who had had

pathologic changes, 3 of whom had had an

an anterior resection, 17 developed a local

APR while 11 had undergone LAR. In the

recurrence. In 14 cases this was detectable on

remaining 14 patients (Group 2), streaky

CT (81% sensitivity). There were no false-

densities were seen (5 cases after APR, о cases

positive CT results in this group.

after LAR), 2 of which were asymmetrical.

Among our 30 patients who had under
gone APR, 16 cases of local recurrence were

Analysis of false positive and false negative

found, 13 of which were detected on CT

C T scans

scans (81% sensitivity). Seven of 14 patients

CT failures are listed in Tables 5 and 6. In 5

without recurrence gave a false-positive CT

cases CT could not detect a recurrent tumor

result (50% specificity).
In Table 3 the results of patients with
recurrent tumor are listed, those without
recurrence are grouped in Table 4.

(3 after LAR, 2 after APR). In all 3 post-LAR
cases with recurrence at the anastomosis the
tumor was detected at endoscopy and con
firmed histologically. On CT, the recurrence
could not be identified. Nevertheless a retro

Recurrence (Table 3)

spective analysis of the scans led to a suspect

Of 35 patients with recurrent tumor growth

ed recurrence in 5 cases. No abnormal soft

21 (Groups 1, 3, and 4) showed a globular

tissues were found in the sacral hollow that

mass which in 17 cases was homogeneous

would have caused such suspicions (Figs. 1,

(Groups 1 and 3); in 4 cases there were hypo-

8,9).

dense structures within the mass (Group 4).

One of 2 false negative scans after APR was

Fourteen patients were without mass

due to a large mass with a benign morpho

(Groups о and 2) but 6 of these showed

logic appearance (sharp edged, globular,

streaky densities, 2 of which were asympto

symmetrical mass that had not changed

matic. The scans of 8 patients, all after LAR,

since the baseline scan, but with a low densi

showed no mass, although in one female

ty area in the centre of the mass). This could

patient there were ill defined margins

be retraced to a large post-operative bleed

between rectum and vagina due to recurrent

that had occurred. It obscured the develop

tumor growth. In 5 patients anastomotic

ing/growing tumor, which was detected

recurrence was suspected because of an

through surgical biopsy. In the second case

asymmetrically thickened anastomosis,

changes were minimal and considered

whereas 3 patients showed no abnormalities.

benign (no mass, no streaky densities, no
invading growth). However, pain and a pal

N o recurrence (Table 4)

pable mass felt on vaginal examination indi

A globular mass was also detected in о

cated a recurrent tumor, which was

patients who had not developed a recurrence

confirmed by histologic biopsy. Retrospec

(Groups 1 and 3, Table 3). Of these, one had

tive analysis of this CT revealed the ill

had an LAR and 8 an APR. Gas bubbles were

defined margins between rectum and vagina.

observed in three of the masses (Fig. 7). None
of the globular masses had hypodense areas

In 7 cases, all post-APR, CT results were
false positive (Table 6, Figs. 10 and 11). In one
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Table 4
Appearance of CT images, patients without local recurrent disease
CT

abdominoperineal

low anterior resection

appearance

resection

or Hartmann procedure

male

female

male

female

totals

male and female

3

8

14

-

1

3

3

6

14

-

-

6

15

37

totals
Group о to 4 see text

Table 5
Analysis of the false negative CT scans
Local recurrence missed on CT
operation

site of recurrence

CT features

probable reason for
failure

1 abdomino-

local

perineal resection

streaky densities

large postoperative

with globular mass

hemorrhage, obscuring
recurrence on CT

2 abdomino-

local

3 low anterior

streaky, asymmetric

recurrence had too

densities, no globular many benign
characteristics
mass

perineal resection
anastomotic

normal anastomosis

endoscopically discov
ered small local recur

resection

rence, without mass
4 low anterior

anastomotic

resection

symmetric, streaky
densities, no mass

small anastomotic
recurrence at
endoscopy, no mass

5 low anterior
resection

anastomotic

no abnormal

small anastomotic

densities or mass,

recurrence without

normal anastomosis

mass

case the post-operative period was complicated by a large seroma developing in the
sacral hollow, making CT examination of the
pelvis virtually impossible.
All patients with a false positive CT result
had remained without recurrence for at least
5 years after the initial operation. Those with
a recurrent tumor all showed clinical symptoms at the time of CT scanning. All but 3 of
the patients without recurrence were asymptomatic.

Discussion
Local recurrence is the most common type of
failure after intentionally curative resection
of carcinoma of the rectum or rectosigmoid
(1). Early detection of a recurrent tumor
would allow for curative therapy (27-29).
However, serious efforts to detect early
recurrence through a detailed follow-up protocol have not resulted in a higher rate of
curative resection (6,30).
CT has a high overall accuracy in detecting pelvic masses. Early reports mentioned
an accuracy in excess of 90% in detecting
recurrent tumors after APR (19,20). However,
these studies may have been influenced by
the selection of patients and clinical parameters. Later studies pointed out the problem
of distinguishing between fibrosis and
recurrent tumor growth (5,6,31,3 2). In order
to exclude the potential influence of any
clinical parameters and to see whether a distinction between fibrosis and recurrent
tumor is possible through morphological
aspects as observed on CT scans alone, we
carried out an ROC test.
According to our ROC curve, CT does
contribute to the follow up of patients that
are suspected of recurrent tumor growth,
since the area under the curve (AUC) has
increased to more than 0.5. But as the curve

is only slightly raised above the straight line,
CT can still not be regarded as the ideal
method in detecting early recurrence in
asymptomatic patients. Re-evaluation by
Klose et al. (31) of 169 CT scans, regardless of
clinical parameters, led to a considerable
decrease of sensitivity, viz. from %6% to 60%.
Their conclusion was that the clinical
presentation of complaints is the most
important diagnostic symptom. Hence, a
routine follow-up with CT was rejected by
them.
Because of the poor results in our ROC
test we reassessed the CT scans. A recurrent
tumor as seen on a CT scan is characterized
by a mainly low density mass in the sacral
hollow/small pelvis.
It has long been thought that after
sphincter-saving surgery the recurrent
tumor would mainly appear on or in the
immediate vicinity of the anastomosis,
although some authors noted that the recurrence developed extraluminally and infiltrated the anastomosis only secondarily (33,34).
This development of the recurrence might
explain why in more recent studies intrarectal ultrasound is preferred to endoscopy,
especially when the former is combined with
a biopsy (35-38). Other studies do not
confirm this type of recurrent tumor growth
(6,39). In our study 11 of 19 recurrences after
LAR and Hartmann procedures were found
in the anastomotic region. Eight of these
showed no changes in the presacral area, and
only a minor thickening of the anastomosis.
These could not be detected by CT. In six of
these 11 cases the observers in the ROC test
did not recognize the rumor; they had not
been given any information on positive findings by endoscopy.
After APR the only sign of a recurrent
tumor is a mass in the pelvis, but a presacral
mass is a common post-operative finding in
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Figure 7
69 year old woman, 20 months after APR. CT shows gas-containing presacral mass (arrows). No fistula,
no other complaints. Patient remained without recurrence during a follow-up of more than 5 years.

Figure 8
50 year old man, 21 months after LAR. Endoscopy showed recurrence at the anastomosis, which was
proved by biopsy. False-negative CT.
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Figure 9
49 year old man, 24 months after LAR. Change in bowel habit. Endoscopy indicated a recurrence at
the anastomosis, which was histologically proved. CT shows no presacral mass, but a probably slightly
thickened anastomosis (arrows), but not abnormal. False-negative CT.

Figure 10
69 year old woman, 20 months after APR. CT: asymmetrical (curved arrow), homogeneous, globular
mass (arrows) with irregular edges. Suspected recurrence, but patient remained without recurrence
for over 5 years. False-positive CT.

Figure I I
69 year old woman, 28 months after APR. No complaints, no recurrence suspected. CT shows irregular
globular presacral mass (arrows), suspected recurrence. False-positive CT.

Table 6
CT scans false positive for recurrence in patients without recurrent reaal carcinoma
operation

CT appearance

abdominoperineal resection

globular mass, asymmetric, unsharp

abdominoperineal resection

globular mass with gas, asymmetric

abdominoperineal resection

globular mass with gas, asymmetric,
no clear margins with muscle

abdominoperineal resection

globular homogeneous mass, sharp margins,
asymmetric

abdominoperineal resection

globular partly unsharp asymmetric mass
with gas

abdominoperineal resection

globular asymmetric mass, sharp

7 abdominoperineal resection

large globular mass, unsharp margins,
symmetric

ni

patients with or without recurrence. A postoperative presacral mass is more frequent
after APR than after LAR, and is found in 5075% of the patients (6,40,41).
It was initially thought that postoperative
fibrotic changes could reliably be
distinguished from recurrent tumors.
Streaky, linear densities were considered
fibrotic changes, whereas a globular mass
(20), asymmetry, heterogeneity and muscle
involvement (40) or eccentric location (6)
were regarded as reliable indications of
recurrence.
In the present study a presacral mass was
found in nine of 37 patients (24%) who had
not developed a recurrent carcinoma, and in
21 of 35 patients where a recurrence was
found (60%). After APR, eight of 16 patients
(50%) without recurrence showed a presacral
mass, as was the case in 13 of 16 patients with
recurrence (80%). For the LAR group these
figures were 5% and 40%.
We found an asymmetrical mass with or
without hypodense areas (Groups 3 and 4 in
the modified Adalsteinsson classification (6))
in 20 of 26 cases [77%) with recurrent tumor
growth. In 9 of 10 patients muscle involvement was due to recurrence. Streaky densities or an entirely normal CT was found in 28
cases, 14 of which had a recurrence.
Various attempts were made to specify the
mass more accurately. Butch et al. (32)
described the CT evaluation of 28 patients
with a presacral mass after APR for rectosigmoid cancer. They suggested three
categories:
1. solid mass;
2. mass with a central hypodense area;
3. gas containing mass.
In their group a histologically proven recurrence of the tumor was found in 15 of 19
cases with a type 1 mass, but also in 2 of 5
cases of the second, hypodense type. They

discovered no recurrences in any of the 4 gas
containing masses they observed.
These results are confirmed by our own
study, where 3 patients showed a presacral
gas containing mass but without recurrence.
No explanation was found for the presence
of gas, as there were no fistulas or inflammations (Fig. 7). Central hypodense areas were
discovered in 4 cases, all of which had a
recurrent tumor (Fig. 5).
Twenty patients of our group who had
developed a recurrent tumor, had taken part
in a major prospective survey. This involved
routine CT scans at 6 months intervals,
together with CEA determination, liver
function tests and a chest X-ray. Not one of
the routine scans of the asymptomatic
patients showed early recurrence. All
patients in this group who did develop a
tumor were symptomatic. In the non-recurrent group only 3 patients had complaints
that could have been caused by recurrent
tumor growth. These results were confirmed
by Adalsteinsson et al., whose 29 patients
with recurrence were also all symptomatic;
they found no asymptomatic recurrences
during the follow-up of 117 patients. They
observed a growth of a mass with ill defined
edges in 10 patients with a local recurrence.
However, in 4 of 14 cases with tumor growth
no change in the mass could be established.
Apparently, CT is unable to detect very early
cases of recurrence, even when baseline scans
are available.
The natural history of recurrent rectal carcinoma, especially after APR, shows that reresection can only rarely be carried out. Consequently, a very intensive follow up with CT
or other imaging techniques after this type
of operation is still subject to discussion:
more recent imaging techniques all have
their particular drawbacks and advantages.

In patients with a sphincter-saving low

Balzarini et al. (1991) favour the use of

anterior resection the local recurrence is gen

GD-DTPA. With this they found an

erally found at or adjacent to the anastomo

increased capability of MR to detect

sis. Through barium enema examination (42)

recurrent tumor. Because of the time

or sigmoidoscopy (43) one can detect these

consuming and expensive character of MR

recurrences and determine their intralumi

examination - with its standard T i and T2

nal extension. Reports on the use of intrarec

sequences in three different planes,

tal ultrasound (IUS) showed that this

combined with repeated T i sequences after

method is capable of indicating small

contrast injection - they recommend MR

tumors even before they are visible on other

only for patients with a high risk of diagnos

imaging techniques, since it can detect sub

tic error due to postoperative bleeding or

mucosal or extraluminal growth (13,14,36).

fibrosis (9).

The situation after an APR of the rectum

PET scanning may also be useful in

is entirely difFerent, as the only means of

distinguishing between scar tissue and

examining the pelvis postoperatively - apart

tumor, as it provides information on the

from vaginal examination in the female

metabolic activity of the mass. Because of its

patient - is either CT or MRI. Due to its vari

low spatial resolution, the use of PET is lim

ous pulse sequence techniques MR imaging

ited to processes larger than 1.5 cm, which

has a better soft tissue resolution than CT.

excludes early recurrent tumors (46).

Most malignant tumors have prolonged

Immunoscintigraphy with labelled mono

T i and T2 values. They produce a lower sig

clonal antibodies is promising in its detec

nal intensity on Ti weigthed images and a

tion of early recurrences, but, like PET scan

higher signal intensity on Τ 2 weighted

ning, it is still complementary to CT or MR

images, whereas fibrotic tissue appears as

(16).

low intensity lesion on both T i and T2
weighted images.

Conclusions

For that reason MR is considered appro
priate in distinguishing between recurrent
tumors and postoperative fibrosis (44,45). An

This study shows the limited capability of

overall accurcy of90% has been reported, but

CT scanning in distinguishing between

only with small groups of patients (10,44).
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fibrosis and local recurrence in patients after

contradistinction De Lange et al. reported

intentionally curative radical surgery for rec

that signal intensity of malignant lesions

tosigmoid carcinoma.

could not be distinguished from that of

Early detection of a curable recurrence of

benign lesions. According to them MR is

carcinoma of the rectum is hardly possible at

only useful in determining the extent of sus

this moment, in spite of detailed follow-up

pected tumors (11).
Sugimura et al. found that the sensitivity

protocols including CT. Our retrospective
analysis of CT scans where no a-symptomatic

of MR in distinguishing between radiation

early recurrences were discovered confirms

damage and recurrence of all pelvic

this.

malignancies varied with the primary tumor

After LAR endoscopy, barium enema and

and that it is at its lowest for carcinoma of

intrarectal ultrasound have a greater capabil

the rectum (8).

ity than CT of detecting recurrence at the

anastomosis. CT and MR are capable of
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Detection of recurrent rectal by CT. Review of the literature
year

nrof

nr recur-

patients

rences

1982

111

44

86%

89%

1985

51
46

37

73%
91%

78%

1986
1986

65

1986

20

1986

*7

1981

i9

1979
1981
1987

17
16

Spec.

177

Accuracy

Study
design'

72%
100%

81%

39

100%

13'

90%

i7
28

95%

88%

follow up

87%

suspected/known

88%

known

88%

suspected
follow up

73%

56

1981
1985

35
82

Sens.

95%
96%

100%

21

98%

suspected

95%

suspected

95%
96%

suspected
suspected

93%
92%

suspected
follow up

1980

3*

75%

suspected

1983

19

100%

known

1988

35

22

1993

67

21

71%

37

6

100%

1993

50%

compared with MRI

95%

follow up

93%

95%

compared with IUS,
follow up

1994

18

H

82%

50%

68%

suspected, compared
with MRI

1

Patients selected for a study were either suspected or known to have recurrent disease
thus suggesting advanced disease state or were from a follow-up study including a percentage of patients without recurrence or complaints.
1
These scans were made when there was a clinical suspicion of recurrence.
3
Six of thirteen patients were symptomatic.
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Benign (peri)rectal diseases

CHAPTER 9

Intrarectal Ultrasound in perirectal
and non-malignant rectal diseases
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1*3

Introduction
The most important application of Intrarectal Ultrasound (IUS) is preoperative determination of depth of infiltration of a rectal carcinoma.
Due to the rectum's proximity to the
prostate, seminal vesicles and bladder, IUS is
intensively used by urologists. However,
there are other fields of application for IUS
which, until now, have not been described
and examined systematically. The retrorectal
space and the cavum Douglasi (cul de sac) are
undoubted areas for IUS examination.
Submucosal processes of the rectum
whether palpable or not, can not be evaluated endoscopically and are also indications for
IUS. In these cases IUS greatly helps in
assessing their extension and internal structures. In 1987 IUS became available to the
Academic Hospital St Radboud in Nijmegen.
In order to determine its usefulness we retrospectively examined a group of 39 patients.
They had undergone IUS because of nonmalignant rectal disease or perirectal pathologic symptoms.

exclusion of rectal carcinoma, (suspected)
recurrent rectal carcinoma, benign polyps
and villous adenoma. Neither were IUS studies of the prostate, the bladder, the vagina or
the uterus included.
IUS was carried out in patients lying in
the left lateral decubitus position, after a
cleaning enema had been administered. We
used a linear-array transducer (5 Mhz, SSA250 A Toshiba Medical Systems) and a 7 Mhz
radial scanner (Bruell & Kjaer).
Either the rectum itself or a latex balloon
around the transducer head was filled with
water. Then the rectum and perirectal structures were studied from distal to proximal as
well as circumferentially by rotating the
transducer 360 degrees by hand with the linear array scanner.
Normally a water-filled balloon around
the tranducer was used. The IUS findings
were compared with surgical findings, histologic examination or clinical course.
The value of IUS was then compared with
that of other imaging techniques and its
effect on the management of patients with
benign rectal and perirectal diseases was
evaluated.

Materials and methods
Results
This retrospective study was based on 39
patients who were examined by IUS between
March 1987 and October 1992. These examinations were performed because of suspected
rectal or perirectal disease, with the

IUS studies of 22 female and 17 male patients
were analysed. The average age was 47 (2-82
years old). The patient group was subdivided
into 6 categories according to the indications
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Figure I
Female patient with colitis on endoscopy. Biopsies showed moderate dysplasia and chronic inflammation.
No classifying diagnosis. IUS reveals thickened layers of the bowel wall. No transmural defect, all layers
are intact.

Figure 2A and В
Patient with a proctosigmoiditis (2A). Histopathologically atypical colitis with dysplasia. Normal rectal wall
on IUS (2B).

for IUS:
ι.

inflammation of the rectal wall (5

obic bacteria (Fig. 3).
In three instances the abscess was visible

patients);

as a hypoechoic mass, one of which showed

2.

perirectal abscesses (13 patients);

mobile contents. Their size varied from 3x2

3.

metastases in the cavum Douglasi (z

cm to 7x7 cm. Of the 6 abscesses 4 were locat

patients);

ed in the cavum Douglasi and 2 in the sacral

4.

endometriosis (3 patients);

space behind the rectum. The latter two

5.

other masses (13 patients);

could not be visualized by transabdominal

6.

anal pain (3 patients).

ultrasound.
In 7 patients IUS helped to rule out the

Inflammation of the rectal wall

presence of an abscess. In 5 patients

In these 5 cases endoscopy showed only

additional imaging techniques were used: 3

minor inflammatory changes of the rectal

times CT scans, 1 time MRI and in 1 case

wall. A classifying diagnosis by histology was

MRI plus CT scan. However, none of these

not possible. IUS classification proved to be

led to difFerent conclusions. Two of the

difficult as well. Only in one case was a thick

patients in this group were examined shortly

ening of all layers of the rectal wall evident

after radical resection of the rectum and

(Fig. 1). At endoscopy superficial ulcers were

colo-anal anastomosis for rectal carcinoma.

visible. Biopsy showed only aspecific changes

Continuing postoperative pain and a palpa

and dysplasia. In the 4 other cases IUS did

ble mass raised suspicion of abscess forma

not lead to any histopathologic conclusions.

tion either recurrent tumor growth and were

There was one case with proctosigmoiditis

indications for imaging. Only fibrosis and no

which turned out to be unspecific inflamma

tumor recurrence was found on IUS. During

tion and dysplasia on histopathology. Three

a 2 year follow-up period, none of the

cases of proctosigmoiditis rapidly

patients developed a local recurrent tumor.

disappeared. In only one case of multifocal

One patient was examined by IUS for a

dysplasia throughout the entire colon, colec

suspected abscess in the pelvis while still on

tomy was necessary after 18 months (Fig. 2).

the intensive care unit. In retrospect the clin

Histologic examination of the resected seg

ical course was not indicative of an abscess.

ment did not contribute to a more accurate
differentiation of the proctocolitis.

Metastases
Only 2 patients were examined by IUS for

Perirectal abscesses

suspected metastases in the cavum Douglasi.

IUS was performed in all 13 cases due to

In both cases solid masses could be detected.

clinical suspicion of abscesses. In 6 cases IUS

They were clearly extrarectal and did not

showed the presence of an abscess, which

invade the layers of the intestinal wall.

were subsequently drained surgically. Three

In one case CT was preferred because this

abscesses appeared as anechoic masses, while

method enables determination of the exten

in one case echogeneous particles were also

sion of a very large metastasis (Fig. 4).

observed. These were probably gas bubbles,

In the other case the patient had initially

since culture revealed potentially gas-form

been sent to the hospital by his GP, who sus

ing bacteria, E. coli, gram-negati ve as well as

pected a rectal carcinoma. On digital exami

gram-positive aerobic bacteria and an anaer

nation a tumor on the ventral site of the ree-

Figure 3

Figure S

Large hypoechoic mass in the cavum Douglasi.

IUS: Partially solid and cystic mass in rectovaginal

abscess. Echogenic particles indicated gas bubbles

septum (arrows), endometriosis.

(arrows).

Figure 4A and В
Large solid mass in the cavum Douglasi, metastasis
from a colon carcinoma. CT (4A) shows the extent
of the mass better than IUS (4B).

tal wall was felt, covered by an intact and
freely movable mucosa. Endoscopy did not
show any abnormality. IUS revealed an
extrarectal solid mass in the cavum Douglasi.
This proved later to be a metastasis from a
pancreatic carcinoma.
Endometriosis

In 2 of 3 cases, IUS indicated no disease
whilst endometriosis of the septum
rectovaginale was suspected clinically.
Laparoscopy in one patient was also negative,
but in another case it revealed small foci of
endometriosis in the peritoneal area. In the
third patient IUS revealed a partly solid,
partly cystic mass of about 1.5 cm which was
situated ventrally and extrarectally adjacent
to the vaginal portion of the cervix in the
septum rectovaginale (Fig. 5).
O t h e r perirectal masses

Thirteen patients were examined with IUS
because of a suspected perirectal mass. In one
case IUS confirmed the suspicions raised by
digital examination: a young female had
developed a retrorectal mass. The IUS image
showed a solid mass with a diameter of 2 cm
in the retrorectal space. It had no relation
with the rectal wall and it could be defined
sharply (Fig. 6). Pathology established a dermoid.
In two cases a mass was suspected but IUS
indicated the contrary. In one case a misleading CT appearance was caused by the small
intestine being poorly filled with contrast
material (Fig. 7), and in the other case a
pararectal position of the uterus appeared as
a possible tumor.
In 4 cases IUS was used to determine the
(cystic or solid) nature of tumors. We found
one cystic, two partly solid partly cystic, and
one solid tumor (Fig. 8).
In 8 patients the extension of a perirectal

tumor and the involvement of the rectal wall
had to be established. In two cases IUS did
not accurately assess the clinical and surgical
involvement of the rectum although IUS
findings were histologically correct. One was
a 2 year old child with a sacrococcygeal teratoma. IUS showed a margin between tumor
and rectum and CT did not. During the
operation it was impossible to separate the
tumor from the rectum. The dorsal wall of
the rectum had to be resected as well. Histologically there was no tumor but only fibrosis between the rectum and the tumor (Fig.
9). In the other case the patient had a rectal
carcinoma clinically, endoscopically and on
IUS. Surgery and histology revealed infiltration of the rectal wall by a rare endometrial
stromal sarcoma.
Nine of our 13 patients underwent additional cross-sectional imaging (CT in 7 cases,
MRI in 2 cases) as well. In 4 cases these studies provided additional information. Three
of these were very large pathologic
abnormalities, the extension of which could
not be determined by IUS (Fig. 10), and in
one case there was an erosion of the sacral
bone by a malignant tumor.
A 21-year old patient had been without
complaints until a serious bleeding from the
rectum. Angiography showed no pathologic
vessels of the visceral arteries, but on plain
abdominal X-ray we observed quite large
phleboliths in the pelvis. MRI indicated a
tumorously affected perirectal area. IUS of
this tumor showed anechoic globular and
tubular structures that had extended
perirectally. Alteration in pressure or
contents of the rectum caused changes in
their shape. This indicated venous lakes. IUS
with Color Doppler showed flow in these
venous lakes. The extension of this hemangioma into the lower pelvis and into the
internal and external sphincter could accu-

I 28

Figure 6A and В
Patient with a suspect lesion in the retrorectal space on digital palpation. CT (6A) and IUS (6B) reveal
a solid mass. Histopathology: dermoid.

Figure 7A and В
Patient after extirpation of the uterus. On CT
a suspect mass was seen at the vaginal top (black
arrows). IUS shows vagina (fat black arrow) and
small bowel loops (7B, thin black arrows) but
no mass.
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Figure 8A and В
Large mass was felt on rectal digital examination, lipoma? IUS (8A) shows a cystic mass in the retrorectal
space, the rectal wall is not infiltrated. MRI (8B): SE, T2WI; large mass, high signal intensity which indicate
the cystic nature. Rectum duplication.

Figure 9A and В
Child, two years old, known with sacrococcygeal teratoma. On IUS (A) a demarcation and delineation of
the rectal wall from the mass is noted (arrows) but on CT the rectal wall is not free from the tumor.
At surgery no resection plane could be found so the dorsal rectal wall was resected. Histopathology did
not reveal tumor invasion of the rectal wall.

rately be established by IUS, but MRI

perirectal diseases (10-15). A more systematic

produced a clearer picture, showing the

description and evaluation is still lacking. As

abnormality in its full extent.

far as non-tumorous diseases are concerned,

In 5 cases CT gave no additional informa
tion, and in 4 cases no further examination
was carried out.

only a few systematic and analytical studies
exist (10,11,13,16-21).

IUS depicts, in non-pathologic
conditions, the intestinal wall as being of 5

Anal complaints and pain

layers, and in advanced stages of colitis a fur

Three patients with anal pains were examin

ther differentiation is possible (2z). Colitis

ed with IUS, as palpation did not lead to any

ulcerosa and morbus Crohn have different

clinical diagnosis. In one patient IUS showed

IUS images (17,22). We did not examine

no abnormalities either. A second patient

patients with known, histologically proven

had a small hypoechoic area in the prostate

and well-documented colitis ulcerosa or

which was diagnosed as prostatitis. After

morbus Crohn. Our patients only had a

antibiotic treatment complaints disappeared

minor proctosigmoiditis in which

and IUS images returned to normal.
The third patient showed a small
hypoechoic para-anal area in the external
anal sphincter. A hypoechoic line running

histopathology could not with absolute cer
tainty make a differentiation between mor
bus Crohn or colitis ulcerosa.
Only in one patient ultrasound

towards the fossa ischiorectalis was visible.

alterations of the wall could be shown.

The diagnosis of a para-anal abscess with fis

According to Hildebrandt et al.(i<j<)2) this

tula formation was confirmed surgically

was a case of mucosal colitis, which is under

(Fig. n ) .

stood by them as a thickening of the intesti
nal wall without interruption of individual
layers. When layers do not appear as uninter

Discussion

rupted structures, Hildebrandt et al. (1992)
call it transmural disease. In their series of 37

Intrarectal Ultrasound (IUS] can be used rou

patients with non-specific colitis, they could

tinely because of its low costs, easy handling

determine 11 cases of transmural disease on

and good patient toleration. It has proven its

IUS, whereas endoscopy revealed only 9

value in assessing the depth of infiltration of

cases. When colectomy is scheduled, a trans

a rectal carcinoma (i-б). So far, only a few

mural inflammation of the rectum found on

reports have been published on applications

IUS should be an indication for an ileo-anal

of IUS other than urology and gynaecology.

pouch instead of rectoanal anastomosis (21).

Diseases of the prostate, vagina and uterus

In our opinion the intestinal wall's diameter

can be detected by IUS, and in the relevant

can not reliably be taken as the only parame

disciplines such diseases are the well estab

ter to establish the degree of inflammation

lished indications for IUS or intravaginal

(17). The thickness varies with the expansion

ultrasound examination. Infiltration of adja

of the rectum which itself is influenced by

cent tissues and organs and the rectal wall by

the quantity of water administered for IUS of

cervical and endometrial carcinoma can be

the rectum (23). In the case of colitis cystica

diagnosed by means of IUS (7-9). Attention

profunda, which may look like a carcinoma

has been paid to IUS in connection with

of the rectum, IUS allows differentiation as

13'

Figure IOA and В
Patient had been operated for a malignant teratoma. Recurrent mass. CT and IUS: Large retrorectal
mass. IUS (I0A) shows the delineation of the rectal wall, whereas CT (10 В) shows the real extension.
Histopathology showed no malignant tumor, only fibrosis and cystic material. Normal rectal wall.

Figure I IA and В
IUS of the anal canal: hypoechoic lesion between the internal and external sphincters (I I A, arrow) with a
hypoechoic line running into the ischiorectal fossa (arrows). Para-anal abscess with the formation of a fistula.

anechoic mucus-filled cysts on the intestinal
wall can be shown.The cysts are restricted to
the mucosa, leaving the individual layers of
the intestinal wall intact (18).
It is important to recognize fistulas and
abscesses in the pararectal and perianal area.
These are found in 20% of morbus Crohn
cases, although there are no pathologic findings at physical examination and at
endoscopy (17). IUS proved very useful in
detecting abscesses in the cavum Douglasi of
our patients. IUS images were so convincing
that additional imaging studies were considered to be unnecessary. Only a negative IUS
would require additional studies. In 2 of our
patients a Douglas abscess was suspected
shortly after resection of the rectum for carcinoma. However, both an abscess and a
tumor recurrence could be ruled out, as a
recurrent tumor produces a clearly recognizable solid mass on the IUS image that can
easily be distinguished from an abscess (2427). Meanwhile, some authors have suggested the possibility of draining a Douglas
abscess transrectally guided by ultrasound
(28,29). With patients who cannot be moved,
especially those on the intensive care unit,
IUS and eventual drainage can be performed
at the bedside quite easily and quickly.
In the detection of peritoneal
endometriosis laparoscopy is the most
appropriate method (30). MRI's sensitivity
(65-70%) is higher than that of other imaging
techniques, viz. CT and transabdominal
ultrasound (30,31). MRI is recommended to

locate endometriosis in the septum
rectovaginale, for which laparoscopy is insufficient (30).
IUS is equally appropriate in the examination of the cavum Douglasi and septum rectovaginale for endometriosis (11,13,19) and it
is cheaper and easier to perform than MRI.
Large, solid extrarectal tumors can be adequately visualised by CT and MRI. These
techniques can better delineate the tumors'
extension than IUS, but the latter method is
useful, cheaper and faster than CT or MRI
when the contents of a lesion is to be determined. IUS produces good results, even better than CT or MRI, when used to establish
the margins of the rectal wall.
Anal pain poses a very complex clinical
problem, as diseases of the sphincter are a
very rare cause (32). Inner and outer anal
sphincter, which both are hypoechoic, are
separated by an intersphincteral hyperechoic
layer (17,33,34). Law et al. (1990) (35) found a
muscle defect in the outer sphincter of
incontinent patients. Anorectal abscesses
appear as hypoechoic structures containing
liquid and even gas. Various authors recognized and located submucosal, ischiorectal,
intersphincteral, perianal and supralevatory
abscesses (15,17,36). They based their conclusions on the accurate IUS images of the
anatomy. Although seldom an explanatory
diagnosis will be found in patients with anal
pain in some cases a metastasis, prostatitis or
fistula can on IUS be found to be the culprit.

Conclusions
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CHAPTER 10

General discussion

I-Rectal carcinoma

Preoperative staging
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Thirdly, large sessile villous adenomas have a
high risk of malignancy which varies

Colorectal cancer is the second most

between 16% and 46% (14). Standard

common malignant tumor in the United

treatment is surgical resection of these ade

States and Western countries and the most

nomas to exclude the presence of invasive

common gastrointestinal cancer, the rectum

cancer in the specimen. Relative contraindi

being the most frequently affected location

cations for surgical resection may be found

(1). The prognosis for patients with rectal

in a poor cardio-pulmonary status or other

cancer is related to the stage of the disease at

concurrent disorders representing an over

the time of diagnosis and initial treatment

riding risk for surgery. Besides, low seated

[2.-6). The 5-year survival for colorectal cancer

adenomas would require rectal amputation

is 50%. For the Dukes system, the 5-year sur

and permanent colostomy which is hard to

vival in Stage A is 8i%-85%, Stage В 64%-7&%,

accept for most patients when the adenoma

Stage С 27%-зз%, and Stage D 5%-14%

proved to be benign. Non-surgical

(2,4,5,7]. Although malignant fixation of the

treatment e.g. laser coagulation lacks the

tumor is an important prognostic sign, there

complete histologic examination of the

is general consensus that the single most

lesion. This stresses the need to be optimally

important prognostic factor is the presence

informed about the benign nature of the

or absence of metastases to lymph nodes (8).

lesion.

This is reflected in the above figures that
show a difference of more than 50% in 5-year
survival between Stage A and Stage С lesions.

Clinical staging

Although most patients with invasive
adenocarcinoma of the colon undergo

Before the development of CT, MRI and IUS,

surgery, there is a rationale for accurate pre

visual inspection and digital palpation were

operative staging.

the primary means of clinical rectal cancer

Firstly, there are reports that preoperative

staging. Endoscopic features that were found

radiation therapy and chemotherapy

to favour earlier stage tumors include

improves the outcome of advanced rectal

tumors less than 3 cm, exophytic character,

carcinoma, as compared with postoperative

absence of deep ulceration and involvement

radiation therapy alone (4,9-13).

of less than one quadrant of the rectal wall

Secondly accurate staging is helpful to the

(11,12,15-17). Using digital examination by

surgeon in determining the extent of the

an experienced examiner, the accuracy of

colectomy and/or whether reanastomosis is

predicting local versus regional disease has

possible.

been reported to be as high as 75-80% (15).

However in these studies, digital examina

ment of helical CT scanning and dynamic

tion is most accurate for late stage lesions

contrast enhancement studies (23). The

confined to the bowel wall. This uncertainty

properties of CT concerning the rectal wall

with endoscopie/digitai assessment of tumor

are not changing however. Even with high

stage led to the subsequent interest in CT,

resolution scanning it is still not possible to

MRI and IUS for local staging.

show the different layers of the rectal wall
(24). Contrast resolution is not changing
with these techniques so the differentiation

Radiological staging

of benign from malignant rectal masses is
still impossible.

C T scan

Initially, CT was supposed to be an excellent

MR Imaging

preoperative staging method for colorectal

MRI without the use of an endorectal surface

carcinoma. A staging system was developed

coil has the same limitations as CT scanning.

that attempted to parallel the extension of

The resolution is not good enough to stage

disease recorded in the various pathologic

smaller rectal carcinomas. In our studies the

staging systems (18). Initial reports demon

advanced cases however were better staged

strated that CT had over η$%-90% accuracy in

by MR with double surface coil as compared

depicting the extent of disease. However,

with IUS (MRI performed better than IUS in

further studies have demonstrated that CT

four of seven cases, three of them being T4

has a lower accuracy rate, especially in

lesions). In these cases MR has clearly addi

depicting the early stages of disease, and

tional value in delineating the extent of the

have suggested that CT should not be used

disease. The multiplanar capability of MR

routinely to stage colorectal carcinoma (19).

and the better soft tissue resolution makes

One of the causes of the inaccuracy of CT

this modality more suitable than CT in the

for staging colorectal carcinoma is its inabili

preoperative work-up of advanced rectal car

ty to demonstrate microscopic tumor exten

cinoma.

sion through the bowel wall. This is not sur

We showed that with the application of

prising since CT does not resolve the

endorectal coils MRI can clarify the layered

different layers of the bowel wall. CT also

anatomic structure of the rectal wall. While

does not allow the distinction of normal

using the endorectal coil, staging smaller

sized lymph nodes without tumor from

rectal carcinomas by MRI improved consid

those with tumor. This is hardly surprising,

erably (correct staging without endorectal

since the average size of lymph nodes affect

coil in 3 of 6 patients, with endorectal coil in

ed with metastatic disease is less than 5 m m

7 of9 cases, see addendum Chapter 4). The

in specimens (20,21). The accuracy of CT in

results for IUS and MRI with endorectal coil

staging colorectal carcinoma improves with

were equal however one should raise doubt if

the increasing stage of the disease. The inva

such an expensive and uncomfortable tech

sion of the pelvic side walls or surrounding

nique should be used in patients when IUS is

organs and the detection of metastatic dis

available and gives the same information.

ease to the liver are two areas in which CT

After the publications of Chan et al {1991)

has a much higher accuracy (8,22). CT scan is

and Schnall et al (1994) no major study has

rapidly evolving recently by the develop

been published so far which makes use of

endorectal coil MR in staging rectal carcinoma. We think MRI technique should be
improved before it can be used in these
patients. Especially acquisition time should
be reduced and image quality has to be
increased.
Intrarectal Ultrasound, Gray-scale

IUS is capable of depicting rectal wall anatomy and determining the extent of local
tumor involvement. As in numerous other
studies our studies have shown IUS to be
highly accurate (overall accuracy of 80.5%) in
assessing local tumor extent (T stage, infiltration into the perirectal fat). The major
part of this study has been carried out with a
5 MHz linear array transducer. In most
reported studies a radial mechanical sector
scanner was applied which is currently the
"golden standard" in staging rectal carcinoma with IUS. Only 4 studies could be found
using an electronic linear or sector array
transducer, and these studies were small
(25-28).

As newer electronic array transducers are
combined with (Color) Doppler it is important to know whether linear array transducers are as good as radial scanners. The comparison of data from the literature and our
own experience with the radial scanner
showed no significant difference. Linear
array probes prove to be as accurate as the
radial scanners (accuracy of staging T1-2 versus T3-4 was 94%).
Our results difFer only significantly in
staging lymph node metastases with those of
other studies. Some authors have claimed
high sensitivity (from 72% to 88%%) for the
detection of pathologic lymph nodes (29,30).
In our studies we found a considerably lower
sensitivity of 30% with a specificity of 81%
and an accuracy of 61.5%. A possible explanation could be that the contrast resolution is

not suitable for the detection of hypoechoic
lymph nodes in the hyperechoic perirectal
fat. Another more reasonable explanation
could be that the linear field of view is a limitation to show the more proximal part of
the rectum. When the patient is examined
with the radial transducer, angulation of the
probe may permit a view into the pelvis.
The value of IUS in staging lymph node
metastases remains doubtful at least. Several
studies have shown that the lymph nodes
detected by IUS are outnumbered by those
found by the pathologist (21,31,32). Therefore, non-visualization of perirectal lymph
nodes by IUS may never be used as an argument to exclude metastases.
IUS with Color and Pulsed Doppler

Color and Pulsed Doppler is the latest innovation to be applied in IUS. Although a few
reports on the use of Color Doppler IUS for
prostate cancer staging exists (33), only one
study has been published about the use of
Color and Pulsed Doppler for rectal cancer.
One of the possible explanations is firstly
that the centres which are using IUS do not
have the financial possibilities to buy the
expensive new transducers. IUS is often performed by clinicians (surgeons, gastroenterologists). They usually can not make
investments in new transducers in a short
period of time like radiologists who are
better equipped to meet new standards in
quality.
Secondly, the application of Color Doppler
is time consuming and investigator dependent. The study time is at least doubled
because the acquisition of a good Doppler
spectrum is difficult.
Thirdly, the results are not easy to interpret.
As has been pointed out, significant overlap
between normal and abnormal tissues exists
and Doppler findings must be considered in

the context of other imaging and clinical
data. The two studies described in this thesis
had two different goals. The first was to
assess Color and Pulsed Doppler characteristics of all kind of rectal disorders which can
be encountered when dealing with patients
with suspected [recurrent] rectal carcinoma.
Fistulas, inflammation, fibrosis and abscess
formation can all be found in these patients
and have to be differentiated from
(recurrent) tumor growth. The first study
showed hypervascularity in pathologic conditions whereas fibrosis and normal
(peri)rectal structures appear hypo- or avascular on Color Doppler studies. Inflammatory disorders and benign tumors had a lower
Resistance Index (RI; 0.58) than malignant
rectal tumors (RI = 0.78). The second study
with an additional group of 28 patients is
more focused on the differences between
benign and malignant rectal tumors. In this
study the vascularity was found to be the
same in both conditions. The mean RI of the
group of patients with malignant diseases
differed significantly from that of the group
of patients with benign disease (RI resp 0.75
and 0.61; p, 0.005). Only one study has been
published which evaluates Color and Pulsed
Doppler for rectal tumors (34). In this small
study with only 7 patients the author reported values that were contradictory to our
findings. Moreover, we had a considerable
overlap in RI values in benign and malignant
tumors. The clinical value of Color and
Pulsed Doppler has still to be assessed accurately.

Detection of recurrent rectal carcinoma
Local recurrence is the most common type of
failure after intentionally curative resection
of carcinoma of the rectum or rectosigmoid
(35). Early detection of tumor recurrence may
permit curative therapy (36-38). However,
serious efforts to detect early recurrence by
means of a detailed follow-up protocol did
not result in an improved rate of curative
reoperations (39,40).
CT
Early reports showed an accuracy of over 90%
with CT for the detection of recurrent tumor
after APR (41,42). Later reports have shown
the difficulty in differentiating fibrosis and
recurrent tumor growth (22,40,43,44). In
1986 we published a retrospective study that
was carried out because identification of a
recurrent rectal tumor was not that easy in
everyday clinical practice as was described in
the literature (45). In this study the patient
group was analyzed and it was concluded
that in clinical practice at that time CT
would not be able to detect early recurrence.
A baseline CT scan after postoperative fibrosis has been settled, was supposed to make
differentiation of an early recurrence easier.
Combination with very frequent CEA determinations (in the mid 1980s monthly CEA
levels were recommended) would be the only
possible follow-up regime that could detect
early recurrence.
After this study we seriously doubted the
value of CT in detecting recurrent rectal
tumors. As clinical information was thought
to have significant influence on the outcome
of CT an ROC analysis was designed with CT
scans of old and new patients.
When a diagnostic modality is claimed to be
of value in detecting or excluding disease
sensitivity, specificity and accuracy are deter-

mined. Accuracy as the simplest measurement of diagnostic decision quality, is the
fraction of cases for which the diagnosis is
correct. Although it is accepted that high
accuracy is good, it can be very misleading.
When CT scans for recurrent rectal carcinoma in patients with complaints suspicious
for local recurrent disease are described as
positive even without reading the scan, accuracy could be 100%, as complaints are the
most specific sign of local recurrence (40).
Therefore accuracy is of limited usefulness
because no correction for disease prevalence
can be made in a meaningful way.
The second major drawback in assessing
sensitivity and specificity is that all degrees
of diagnostic probability are classified in the
two terms negative and positive. This
implies the introduction of a decision
threshold which makes the difference
between positive and negative. This
threshold influences the fraction of false and
true positive and negative cases.
The ROC curve shows a varying decision
threshold with its related false positive and
true positive fractions. The curve itself is the
combination of the diagnostic performance
of the radiologist and the test (46-48). Until
now CT of the pelvis after operation for rectal carcinoma has been evaluated by using
accuracy, specificity and sensitivity (22,4043.45.49-55)·
The ROC "performance" is quantified by
calculating the area under the curve (AUC).
The AUC from our studies ranged from 0.69
to 0.78. As such an AUC is a figure without
much meaning it was compared with some
recent experiments. Thornbury et al (1993)
(56) found in patients with low back pain for
CT myelography, plain CT and MR of the
lumbar spine AUC values ranging from 0.81
to 0.86 and concluded that these tests are of
(equal) value. In another study concerning

MRI of adenocarcinoma of the prostate
gland ROC curves were generated for four
radiologists evaluating 100 MR images for
the presence of extracapsular extension of
tumor. The ROC curves were close to the
diagonal (AUC = 0.50). From this studies
these authors conclude that MR is not accurate in detecting extracapsular spread of adenocarcinoma of the prostate. In our studies it
is demonstrated that CT can make some distinction between recurrent tumor growth
and postoperative fibrosis. According to our
ROC studies CT can contribute to the
follow-up of patients with suspected recurrent tumor growth as the AUC is significantly increased above 0.50. The fact that the
curve is only slightly raised implies that CT
is not an ideal method to detect early recurrence in asymptomatic patients. This also
stresses the need for CT guided needle biopsy to raise the specificity.
MRI

In 1986 a future role for MRI in the detection
of recurrent disease was predicted. MRI with
varying pulse-sequence variables is superior
to CT in differentiating soft tissues. The
observation that most malignant tumor
masses have prolonged Ti and T2 values producing a low signal intensity on Ti weighted
images and a high signal intensity on T2
weighted images, whereas fibrous tissue is
displayed as low intensity lesions on both Ti
and T2 weighted images, suggested that MR
might effectively be used in the pelvis to differentiate recurrent colorectal carcinoma
from postoperative fibrosis (50,57). Promising results have been reported with an accuracy of90%; however the patient groups were
small (50,58). De Lange et al (1989) found
however that the signal intensities of malignant and benign lesions were indistinguishable. They state that MR can be useful in
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determining the extent of suspected tumors

IUS [69]- Although they could not demon

(59). Sugimura et al (1990) found that the

strate a longer survival due to a very inten

accuracy of MR images in differentiating

sive follow-up they justify this follow-up

between radiation damage and recurrence of

protocol by claiming better palliation in

all pelvic malignancies varied with the pri

these patients. This is a remarkable finding

mary tumor site, being the least for rectal

because the present study showed the con

carcinoma (60). Balzarini et al (1991) advocate

trary as anastomotic recurrences were not

the use of Gd-DTPA as an intravenous con

detected by CT at all. A possible explanation

trast material. They found an enhanced MRI

is that the recurrences in our group of

capability in identifying recurrent disease in

patients after LAR presented mainly at the

a few cases. Because of the time consuming

anastomosis but it can also develop preferen

and expensive procedure which includes

tially in the perirectal space and secondarily

standard T i and Τ 2 multiplanar

invade the anastomosis. This recurrence type

examination combined with repeated Ti

has been described before (8,49) and speaks

sequences after contrast injection they

in favour of cross-sectional imaging (CT,

recommend MR for the group of patients

MR, IUS) opposed to endoscopy, but other

with the highest risk of diagnostic error [61).

authors can not confirm this finding (40,70).

While more experience still has to be
gained with MR, in 1995 CT remains the
radiological method of choice. (62).

IUS in the postoperative patient after LAR
is not routinely performed in our hospital.
Incidental cases have been studied and have
shown a 100% sensitivity of IUS in detecting

IUS
Recent studies report the use of IUS in the
follow-up of patients with a sphinctersaving procedure (63-69). Romano et al (1993)
compared CT and IUS and found CT more
capable of detecting recurrent tumor than

the suspected recurrent tumor. Together
with Color and Pulsed Doppler we believe
that IUS is the best radiological method to
detect small and asymptomatic recurrences
in postoperative patients.

II-Benign rectal and perirectal diseases

The value of IUS for the diagnosis of other
than malignant disorders of the rectal wall
and in the perirectal area is underestimated.
The assessment of the presence or absence of
an abscess can be done by IUS without
perirectally problems. Surprisingly few
reports exist about this application (71-75) or
the IUS guided drainage \j6,yf].
Endometriosis is a rare indication for IUS
and is sometimes an incidental finding and
very few reports are found about this subject
(78,79). The experience is growing however
and the value is undoubted. IUS can reliably
examine the septum rectovaginale to rule
out or demonstrate the presence of foci of
endometriosis.
In inflammatory diseases of the rectal wall
the main benefit of IUS remains the assessment of perirectal or perianal abscesses (7174,80,81). Although efforts have been made
to describe stages of proctocolitis (80,82) this
has not, so far, resulted in useful clinical
applications. The evaluation of the internal
and external sphincter in patients with
incontinence is rewarding. The integrity of
the sphincter complex and the function of
the external sphincter can be assessed by
IUS(83-93)·
The capabilities of IUS in the diagnosis of
non malignant rectal and perirectal diseases
is not fully appreciated yet.
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Summary

The assessment of the value of CT, MRI and
Intrarectal Ultrasound (IUS) in staging rectal
carcinoma and in the postoperative surveillance of patients who have had an intentionally curative resection is the main subject of
this thesis. The radiological differentiation
of benign from malignant rectal lesions plays
an important role.
IUS can be applied not only for primary or
recurrent rectal carcinoma but also for the
assessment of metastatic or other neoplastic
lesions in the small pelvis and for inflammatory lesions. A part of this study is dedicated
to IUS for indications other than rectal carcinoma.
IUS forms a major part of this thesis. The
normal and abnormal appearances of the
rectum and perirectal structures on
ultrasound are described in CHAPTER 2,
together with some historical and physical
notes on IUS. In a pictorial essay the
ultrasound images of the normal rectal and
perirectal structures are explained with
schematic drawings. Examples of different
stages of rectal tumors are given in the same
way and some common IUS pitfalls and artifacts conclude this chapter.
In CHAPTER 3 the assessment of the depth
of invasion and lymph node involvement of
rectal tumors with Intrarectal Ultrasound
(IUS) in a group of 118 consecutive patients
with a rectal tumor is described. IUS
findings were correlated with histopathological findings.
Staging the depth of infiltration by IUS

had an accuracy for all stages of 80.5%. IUS

staged 4 and overstaged 1. MRI correctly

correctly staged disease limited to the rectal

staged 10 of 15 patients: without the

wall in 39 of 47 cases (82.9%) and transmural

endorectal coil, 3 of б were correct and with

extension in 64 o(ji

endorectal coil, 7 of 9. MR with the endorec

cases [90.1%). For evalu

ation of nodal involvement 104 patients were

tal coil is able to show the rectal wall in more

available. Pathologic lymph nodes were

detail than the double surface coil.

detected in 12 of 40 cases (sensitivity 30%).

Endorectal coil MR imaging provides

Small, low rectal tumors were better staged

increased detail of the rectal wall permitting

than middle and upper rectal carcinomas.

better delineation of the different layers of

However, these differences were not statisti

the wall. This may lead to better staging

cally significant. The most frequent, but not

results than with other MR techniques. The

statistically significant, cause of errors was

results with endorectal MR imaging proba

induced by technical problems in imaging

bly equals those of IUS for staging small

the tumor optimally. Previous laser therapy,

tumors in the rectal wall. MR with the dou

radiotherapy, large polypoid mass,

ble surface coil gives additional information

peritumoral inflammation and only micro

about tumor spread in more advanced cases,

scopic invasion accounted for incidental

and in cases difficult to assess with

causes of incorrect staging.

ultrasound and endorectal coil imaging.

Although the detection of lymph node

New technical developments in IUS are

involvement is poor, IUS is a safe, inexpen

discussed in chapter 5 and 6 in which two

sive and reliable staging method for local

patientgroups are described. In CHAPTER 5

invasion of rectal carcinoma. This knowledge

the efficacy of Intrarectal Ultrasound with

is invaluable when preoperative radiation in

Color Doppler and Doppler flow analysis in

a selected patient group with advanced carci

detecting possible differences in blood flow

noma or when local therapy for a villous ade

patterns between malignant and benign rec

noma or a Ti tumor is considered. Only

tal diseases is assessed.

technically optimal images can be used for
staging.
In CHAPTER 4 the capability of MR with

During a period of 12 months 28 consecu
tive patients with benign (9 patients) and
malignant rectal disease (19 patients) were

double surface coil and MR with endorectal

prospectively evaluated with Intrarectal

coil for the preoperative staging of rectal car

Gray-scale and Color Doppler Ultrasound

cinoma is assessed and compared with the

and Doppler flow analysis. Histopathologi

staging results of IUS and correlated with the

cal diagnosis was obtained after surgery

histopathological findings. Fifteen patients

and/or biopsy.

with rectal carcinoma had preoperative eval
uation using intrarectal ultrasound (all 15

Color Doppler flow showed hypervascularity in four of the nine patients (44%) with

patients), MR with double surface coil alone

benign disease and in 17 of 19 cases with car

(6 patients) and MR with double surface coil

cinoma (89%). In 24 patients a Doppler flow

combined with endorectal coil (9 patients).

spectrum could be assessed. The mean Resis

The results of the preoperative staging were

tive Index (RI) for the group with rectal carci

correlated with the histopathologic findings.

noma was 0.78 ranging from 0.56 to 1 and

IUS correctly staged the depth of bowel

was significantly difFerent ( p < 0.005) from

wall invasion in 10 out of 15 patients, under-

that of the group with benign diseases (mean

RI 0.58, ranging from 0.43 to 0.7).
These results suggests that Color Doppler
and Doppler flow analysis may have value in
differentiating malignant from benign rectal
disease however considerable overlap in RI
data exists.
In CHAPTER 6 this study is enlarged and
concentrated on patients with rectal wall
tumors. The patients of chapter 5 without a
rectal tumor have been omitted (9 patients)
and an additional 28 patients are added.
Thus during a period of 15 months, 47 consecutive patients with rectal tumors or in follow-up (14 patients with a benign lesion
including 6 cases after local resection of a
malignant rectal tumor, 33 with rectal cancer
or recurrent rectal cancer] were prospectively
evaluated with intrarectal Gray-scale US and
Color Doppler and Doppler flow analysis.
Histopathological diagnosis was obtained
after surgery and/or biopsy.
Color Doppler flow showed hypervascularity in most benign and malignant rectal
lesions. In 44 patients a Doppler flow spectrum could be assessed. The mean Resistive
Index (RI) for the group with rectal carcinoma was 0.75 ranging from 0.56 to 1 and was
significantly different ( p < 0.005) from that
of the group with benign diseases (mean RI
0.62, ranging from 0.43 to 0.84) but with a
considerable overlap.
The RI tends to be higher in malignant
rectal tumors, but it can not be used reliably
to differentiate benign from malignant
lesions. A lesion with a high RI should raise
suspicion of malignancy, however a low RI
lesion does not exclude cancer in this lesion.
In chapters 7 and 8 the postoperative
patient, after resection of a rectal carcinoma,
is considered. The overall 5-year survival of
all stages of primary rectal carcinoma is only
50%. This is due to the recurrence of tumor
locoregionally as well as to distant

metastases especially to the liver.
Locoregional recurrence is difficult to detect
and effective treatment is scarcely possible.
Locoregional recurrence is also responsible
for serious morbidity.
In the retrospective study of CHAPTER 7
108 patients who had a curative resection for
rectal or rectosigmoid carcinoma were examined for locoregional recurrence. The role of
CT and other diagnostic methods like CEA
determinations for the early detection of
recurrent tumor growth is studied. The conclusion is that CT may be of value in the follow-up of these patients if a few conditions
are met, viz, an initial CT in the early postoperative period followed by half-yearly CT in
combination with the regular physical examination and frequent CEA determinations.
This study continues in CHAPTER 8 with
additional patients gathered in the period
from 1987 to 1992. The ability of CT to detect
recurrent tumor growth after colorectal
surgery for rectal carcinoma independently
from clinical bias and patient selection had
to be assessed. For this purpose an ROC
analysis was performed. A set of 100 CT
scans, 50 scans of 35 patients with proven
recurrent disease and 50 normal postoperative scans of 37 patients were read by four
observers without knowledge of the prevailing clinical status. The four ROC curves had
an area under the curve (AUC) ranging from
0.69 (SD 0.05) to 0.78 (SD 0.05). The slightly
raised AUC indicates the poor diagnostic
power of CT in discriminating between postoperative changes and recurrence.
In a retrospective analysis of the CT scans
of the 72 patients CT had an overall accuracy
of 83%. CT was unable to detect small anastomotic recurrence. The morphologic characteristics of recurrence were not specific but
an irregular globular mass with or without
inhomogeneity or asymmetry strongly sug-

gests recurrent tumor and stresses the need
for further evaluation e.g. CT guided biopsy.
Detection of an early asymptomatic locoregional recurrence by routine CT scanning
seems not possible.
In CHAPTER 9 IUS returns. The value of
IUS was retrospectively evaluated in 39
patients with various rectal and perirectal
diseases.
IUS proved to be very helpful in demonstrating or excluding abscesses. In patients
with not specific minor inflammatory rectal
disease, IUS was not very helpful. IUS is complementary to other imaging techniques
such as CT and MRI in establishing perirectal tumours. IUS shows the relationship of
the rectal wall with an extrarectal tumor and
is capable of demonstrating the extent of
smaller tumours. It may contribute to the
diagnosis of endometriosis in the rectovaginal space. In patients with anal pain IUS can
play an important role in demonstrating or
excluding fístulas, abscesses and other disease.
The capabilities of IUS in assessing
rectal and perirectal diseases are not fully
appreciated.
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Samenvatting

Het onderzoek naar de waarde van verschillende radiologische technieken, zoals CT,
MRI en Intrarectale Echografie (IRE), bij de
preoperatieve stadiering van het rectumcarcinoom en postoperatieve follow-up van
patiënten, die hiervoor een in opzet curatieve operatie hebben ondergaan is het
belangrijkste onderwerp van deze studie.
Daarbij speelt het radiologische onderscheid
tussen benigne en maligne veranderingen
een grote rol.
Voor het vaststellen van andere aandoeningen in het kleine bekken zoals metastasen en ontstekingsafwijkingen of van tumoren die niet primair uitgaan van de
rectumwand is IRE ook zeer geschikt. Een
deel van dit proefschrift is daarom gewijd
aan andere indicaties voor IRE dan alleen het
rectumcarcinoom.
Omdat IRE een groot deel van dit proefschrift uitmaakt is na de inleiding in hoofdstuk 2 een beschrijving van deze techniek
gegeven met een toevoeging van een
"pictorial essay" waarin aan de hand van
echografische voorbeelden en schema's de
normale darmwand en de omgeving van het
rectum worden uitgelegd. In dit deel zijn op
dezelfde manier voorbeelden opgenomen
van verschillende stadia van het rectumcarcinoom zoals die gezien worden op de
echografie. Dit gedeelte wordt afgesloten
met een aantal voorbeelden van valkuilen en
artefacten.
Hoofdstuk 3 beschrijft de resultaten van
de preoperatieve stadiering met behulp van

IRE bij 118 achtereenvolgende patiënten met
een rectumtumor. De echografische bevindingen zijn vergeleken met de histopathologic De betrouwbaarheid van IRE voor het
aantonen van de diepte van doorgroei van
een carcinoom was 80,5% voor alle stadia. IRE
was correct in 39 van de 47 patiënten (82,9%)
waarbij het carcinoom beperkt was tot de
rectumwand en voorspelde correct de
uitbreiding verder dan de spierlaag van de
rectumwand in 64 van de 71 gevallen (90,1%).
Pathologische lymfeklieren werden slechts
aangetoond in 12 van de 40 gevallen (sensitiviteit 30%).
Kleine, laag gelegen rectumtumoren werden beter gestadieerd dan carcinomen van
het middelste en bovenste deel van het rectum. Deze en andere verschillen tussen subgroepen waren echter niet statistisch significant. De belangrijkste oorzaken van verkeerd
stadiëren waren onderzoekstechnische problemen waardoor het proces minder
optimaal in beeld werd gebracht. Eerdere
laserbehandeling, radiotherapie, een grote
poliepeuze massa, peritumorale ontsteking
en beperkte microscopische doorgroei waren
verantwoordelijk voor incidentele gevallen
van verkeerde stadiëring.
Hoewel de detectie van lymfekliermetastasen met IRE slecht is, is IRE een veilige,
goedkope en betrouwbare methode om preoperatief de lokale doorgroei van een
rectumcarcinoom vast te stellen. Deze kennis is van belang als een preoperatieve
bestralingsbehandeling bij een geselecteerde
groep van patiënten met lokaal een doorgegroeid carcinoom wordt overwogen. Dit is
ook het geval indien een lokale
(chirurgische) behandeling van een villeus
adenoom of een klein Ti adenocarcinoom
een optie is. Alleen technisch optimale beelden zijn bruikbaar voor het stadiëringsonderzoek.

In hoofdstuk 4 wordt IRE vergeleken met
een andere methode, de MRI. Zowel de MRI
uitgevoerd met de dubbele oppervlaktespoel
als met de intrarectale spoel, zijn onderzocht
op hun waarde bij de preoperatieve stadiering van het rectumcarcinoom. De MRI beelden werden vergeleken met de echografie en
met de histologische bevindingen. Vijftien
patiënten met een rectumcarcinoom zijn
preoperatief onderzocht. Met IRE zijn alle 15
patiënten onderzocht, met MRI met de dubbele oppervlaktespoel alleen 6 patiënten en
met een combinatieonderzoek, waarbij
zowel de oppervlaktespoel is gebruikt als de
intrarectale spoel, 9 patiënten.
IRE stadieerde de diepte van doorgroei in
de rectumwand correct bij 10 van de 15
patiënten, onderschatte de doorgroei bij 4
patiënten en overschatte die bij 1 patiënt.
MRI schatte de doorgroei correct bij 10 van
de 15 patiënten: zonder de intrarectale spoel
bij 3 van de 6 en met de intrarectale spoel bij
7 van de 9 onderzochte patiënten. MRI met
de intrarectale spoel toonde de rectumwand
meer gedetailleerd dan met de oppervlaktespoel, waardoor met deze intrarectale spoel
de verschillende wandlagen kunnen worden
afgegrensd zoals met IRE. Dit leidt tot een
nauwkeurigere stadiëring dan met andere
MRI methoden. De resultaten van MRI met
een intrarectale spoel zijn even goed als met
IRE als kleinere tumoren worden
gestadieerd. MRI met de dubbele oppervlaktespoel geeft aanvullende informatie over
tumor uitbreiding in verder gevorderde stadia. Tevens is deze methode geïndiceerd
wanneer IRE of MRI met intrarectale spoel
technisch onmogelijk zijn.
Nieuwe technische ontwikkelingen op
het gebied van de IRE worden in hoofdstuk 5
en 6 beschreven. In hoofdstuk 5 is
onderzocht of met IRE en kleuren-Doppler
en Doppler-spectrum analyse verschillen

zijn aan te tonen tussen verschillende afwijkingen in het rectum, zowel goed- als
kwaadaardig, die er op "gewone" IRE
hetzelfde uit kunnen zien. Achtentwintig
opeenvolgende patiënten met goedaardige
(9 patiënten) en kwaadaardige (19 patiënten)
rectumafwijkingen zijn onderzocht. Alle
echografische bevindingen zijn geverifieerd
door histopathologisch onderzoek of door
een lange follow-up.
Toegenomen vascularisatie werd met
kleuren-Doppler gevonden bij 4 van de 9
patiënten (44%) met een benigne aandoening
en bij 17 van de 19 gevallen met een
carcinoom (89%). Bij 24 patiënten kon een
Doppler-spectrum worden bepaald. De
gemiddelde Weerstandsindex (Resistive
Index = RI) bij de patiënten met een rectumcarcinoom was 0,78, variërend van 0,56 tot 1
en was significant verschillend ( p < 0,005)
van die van de groep met benigne afwijkingen (gemiddelde RI 0,58, range van 0,43 tot
0,70).

Deze voorstudie laat zien dat kleurenDoppler onderzoek en Doppler-spectrum
analyse van waarde kunnen zijn bij de differentiatie tussen maligne en benigne rectumafwijkingen hoewel er een aanzienlijke overlap tussen de verschillende bevindingen is
gevonden.
In hoofdstuk 6 is het onderzoek
uitgebreid en toegespitst op rectumtumoren
alleen. De patiënten uit hoofdstuk 5 die geen
tumor hebben (gehad) zijn weggelaten (er
bleven zo 19 patiënten over) en het
onderzoek is uitgebreid met een nieuwe
groep patiënten tot een totaal van 47 patiënten. Het doel van deze studie is nu meer specifiek gericht geweest op het aantonen van
verschillen tussen patiënten met goedaardige en kwaadaardige rectumtumoren. Gedurende een periode van 15 maanden zijn deze
47 achtereenvolgende patiënten met rectum-

tumoren met "gewone" IRE onderzocht en
met kleuren-Doppler en Doppler-spectrum
analyse. Toegenomen vascularisatie op kleuren-Doppler werd gezien bij bijna alle
patiënten zowel met een benigne als met een
maligne afwijking. Bij 44 patiënten was het
mogelijk een spectrum te bepalen en dit te
analyseren. De gemiddelde RI die werd
gevonden in de groep patiënten met een rectumcarcinoom was 0,75 (laagste waarde 0,56,
hoogste waarde 1) en was significant
verschillend ( p < 0,005) v a n de gemiddelde
RI bij de patiënten met een benigne tumor
of afwijking (gemiddelde RI o,6z, range van
0,43 tot 0,84). Er was echter een aanzienlijke
overlap. De RI lijkt dus hoger te zijn in
maligne tumoren maar kan niet gebruikt
worden als een betrouwbaar teken om
maligne van benigne tumoren van elkaar te
onderscheiden.
In hoofdstuk 7 en 8 gaat het over de postoperatieve patiënt na een in opzet curatieve
resectie van een rectumcarcinoom. De 5 jaars
overleving is maar 50% voor het rectumcarcinoom. Dit wordt veroorzaakt door het optreden van het recidief locoregionaal en van
metastasering naar de lever. Het locoregionale recidief is moeilijk op te sporen en een
curatieve behandeling is zelden mogelijk.
Het locoregionale recidief geeft ook ernstige
klachten.
De retrospectieve studie van hoofdstuk 7
beschrijft 108 patiënten die een in opzet
curatieve resectie hebben ondergaan in verband met een rectumcarcinoom en die
onderzocht zijn op een locoregionaal
recidief De meeste recidieven (80%) traden
op binnen twee jaar na de operatie en
primaire tumoren die al in een vergevorderd
stadium waren ten tijde van de resectie
gaven de meeste kans op het optreden van
een locaal recidief De waarde van de CT scan
en andere diagnostische tests (zoals de CEA-

bepaling en het klinisch onderzoek) voor het
opsporen van een vroeg en klein recidief dat
beter behandelbaar zou zijn is onderzocht.
De conclusie van dit onderzoek was dat CT
van waarde zou kunnen zijn bij het opsporen van een locaal recidief in de na-controle
van deze patiënten als aan een aantal
voorwaarden zou worden voldaan. Een zogenaamde uitgangs-CT kort na de operatie om
de postoperatieve veranderingen vast te leggen gevolgd door halfjaarlijkse CT controles
samen met CEA-bepaling en klinisch onderzoek zouden in de follow-up moeten worden
opgenomen.
Deze studie is voortgezet in hoofdstuk 8
met aanvullende patiënten uit de periode
1987-1992. De mogelijkheid om met CT een
recidief tumor aan te tonen, onafhankelijk
van extra klinische informatie en patiënten
selectie, is onderzocht door middel van een
ROC analyse. Een set van 100 CT scans, 50
scans met een bewezen recidief carcinoom en
50 normale postoperatieve scans, zijn door
vier radiologen beoordeeld zonder voorkennis. Dit resulteerde in vier ROC curven die
een oppervlakte onder de grafiek hadden
variërend van 0,69 (SD 0,05) tot 0,78 (SD 0,05).
Deze licht verhoogde waarde wijst op een
matig onderscheidend vermogen van de CT
om een recidief aan te tonen of uit te sluiten.
In een retrospectieve analyse van CT scans
van 72 postoperatieve patiënten had CT een
betrouwbaarheid van 83%. CT kon kleine
recidieven in een anastomose niet aantonen.
De morfologische kenmerken van een recidief waren niet specifiek. Een irregulaire
gelobde massa, die wel of niet homogeen of
asymmetrisch is, is sterk verdacht voor een
recidief Verder onderzoek is dan geïndiceerd
zoals bijvoorbeeld een CT geleide biopsie.
Vroege opsporing van een a-symptomatisch
recidief door middel van routine CT in de
follow-up lijkt niet mogelijk.
Hoofdstuk 9 gaat weer over IRE. De waar-

de van IRE is retrospectief geëvalueerd bij 39
patiënten met verschillende andere rectale
en perirectale afwijkingen. IRE was zeer
waardevol voor het aantonen of uitsluiten
van perirectale abcessen. Bij patiënten met
aspecifieke, geringe onstekingsafwijkingen
van de rectumwand was IRE niet van waarde
bij het vaststellen van een kwalificerende
diagnose. IRE had aanvullende waarde bij
perirectale tumoren. MRI en CT zijn weliswaar beter in het vastleggen van de gehele
uitbreiding van een massa maar IRE laat de
relatie tot de rectumwand beter zien en is
voldoende om de uitbreiding van kleinere
afwijkingen vast te leggen. IRE kan een bijdrage leveren bij het aantonen van endometriose in het septum recto-vaginale. Bij
patiënten met (peri-)anale pijn kan IRE een
belangrijke rol spelen bij het aantonen of
uitsluiten van fistels, abcessen en andere
afwijkingen.
De mogelijkheden van IRE bij niet-maligne rectumafwijkingen worden in het
algemeen onderschat.
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1

Voor het stadiëren van de lokale doorgroei
van een rectumcarcinoom is Intrarectale
Echografie de meest betrouwbare methode
(dit proefschrift].
ζ

De mogelijkheden van Intrarectale
Echografie bij de diagnostiek van nietmaligne rectale en perirectale aandoeningen
wordt onderschat (dit proefschrift).
3
Intensieve follow-up van patiënten na een
in opzet curatieve operatie voor een rectumcarcinoom met behulp van onder meer
CT-scan leidt niet tot detectie van meer
curabele recidieven (dit proefschrift).
4
MRI met een endorectale spoel om de lokale
doorgroei van een rectumcarcinoom vast te
stellen is onnodig indien Intrarectale
Echografie uitgevoerd is (dit proefschrift).
5
Engagement van de echografist is van
minstens even groot belang voor het
welslagen van echografisch onderzoek
als vakkennis en kunde.
6

Bij de stadiëring van patiënten met een
maligniteit in het hoofd-halsgebied hoort
echografie van de hals en echografisch
geleide cytologische punctie standaard te
worden uitgevoerd.

7
De Rl-waarde gemeten in rectumcarcinomen is hoger dan in andere rectumwand-afwijkingen hoewel er een grote
overlap in de gemeten waarden bestaat
(dit proefschrift).
8
Het conventionele röntgenonderzoek
van het oor waaraan vele namen zijn verbonden zoals die van Stenvers, Schüllers,
Guillin en Chaussee is obsoleet en is te
vervangen door hoge resolutie CT.
9

Feministische theologie is een contradictio
in terminis omdat bij God geen aanzien
des persoons is.
10

Stereolithografie van de schedelbasis en
aangezicht dient als hulpmiddel bij preoperatieve planning in het vergoedingensysteem te worden opgenomen.
11

Het feit dat er voor een dubbelriet kwartet
(twee hobo's, althobo en fagot) zo weinig
muziek geschreven is in vergelijking met
het strijkkwartet doet onrecht aan het
welluidende en fraaie karakter van deze
kamermuziek.
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