GASTROINTESTINAL ULTRASONOGRAPHY OF
THE DOG

FERENC MANCZUR

Ph.D. Thesis

Department of Internal Medicine

University of Veterinary Science Budapest
1999



CONTENTS

Page
Introduction and objectives 2

Chapter I. 5
Comparison of in vivo and in vitro ultrasonographic

appearances and wall thickness measurements of the

canine intestinal tract

Chapter II. 12
Fluid aided ultrasonography of the gastrointestinal
tract in healthy beagles

Chapter II1. 30
Sonographic diagnosis of intestinal obstruction of the dog.

Chapter IV. 41
Comparison of ultrasonography and survey radiography

in intestinal obstruction of the dog:

A retrospective study of 45 cases

Chapter V. 51

Gastrointestinal ultrasonography of the dog:
Review of 265 cases (1996-1998)

Summary and final conclusions 64
The role of ultrasonography in canine gastrointestinal diseases

Osszefoglalas és végsé kovetkeztetések 69
Az ultrahangvizsgalat szerepe kutydk gyomor-bél betegségeinek
korjelzésében

References 74

Acknowledgements 80



INTRODUCTION AND OBJECTIVES

During the last decades, ultrasonography has become an essential diagnostic imaging
technique both in human and veterinary medicine. For a long time, the gas containing
gastrointestinal (GI) tract was considered more of a hindrance of an abdominal sonographic
examination than an organ system that can be assessed by ultrasonography. Nevertheless,
with the aid of technical improvement and increased operator experience it became an
accepted diagnostic technique of human GI examinations. Because, ultrasonography is an
easy-to-use, non-invasive technique without ionizing radiation, it became particularly
important in the diagnosis of different prenatal, neonatal and pediatric diseases, however it
can replace other time consuming or invasive diagnostic techniques even in GI diseases of
adults. Besides the possibility to study the GI wall, the lumen and the adjacent organs, real
time visualization also allows the operator to observe the peristaltic activity of the GI tract. By
the use of different Doppler techniques, more objective assessment of peristalsis became
possible and the examiner is also able to gain information about the viability (by detecting

blood flow) of a given segment of the GI tract.

The ultrasonographic appearance of the normal canine GI tract and some clinical
applications of GI ultrasonography in dogs have been described (Penninck et al. 1989 and
1990, Penninck 1995). Changes in the thickness and appearance of the GI wall can be
associated with pathological processes. Although these changes have been described during
some GI diseases of the dog, no experimental in vitro validation was done to correlate the in
vivo and in vitro ultrasonographic appearance of the different morphological alterations of the
GI tract. The comparison of the GI lesions observed in vivo by the ultrasound with the in vitro
sonographic appearance of these parts following surgical or pathological dissection can be
beneficial to improve the diagnostic accuracy of both the technique and the examiner.
However, these in vitro ultrasound examinations may hamper further histopathological
examinations if performed prior to fixing with formaldehyde solution. Description of the
effect of formaldehyde fixation on the in vitro appearance and wall thickness of the intestines
is lacking in both veterinary and human medicine to our knowledge.

The aim of my first study was to compare the in vivo and in vitro ultrasonographic

appearances and wall thickness measurements of the GI tract of the dog and those of



isolated GI segments before and after formaldehyde fixation. This experiment was
intended to decide whether formaldehyde cause any artificial change in the

ultrasonographic image of the intestines.

Ultrasonography of the abdomen in general and that of the GI tract in particular, may
be hampered by gas within the GI tract. In humans, patient preparation, by way of
withholding food and administration of laxatives, had an unpredictable effect on the quality of
ultrasonographic examinations (Meire and Farrant 1978). The consumption of degassed fluids
before the examination in humans improved the sonographic picture of the stomach and
duodenum (Joharjy 1990, Mittelstaedt 1992). Fluid administration via a stomach tube has
been recommended in the dog to enhance visualization of suspected intramural or luminal
lesions of upper segments of the gastrointestinal tract (Kleine and Lamb 1989, Penninck et al
1989). For decades, radiography of the canine abdomen has been used to examine the
gastrointestinal tract and it is common use to administer barium into the gastrointestinal tract
when survey radiographs are not diagnostic. These contrast studies include selective filling of
the stomach, the small intestines following intubation of the duodenum, and the colon.
Furthermore, the small intestines may be studied using the small bowel follow through
(SBFT) study, following contrast administration into the stomach, or the reflux examination,
following contrast administration into the colon. Double contrast studies have been performed
of the stomach and colon using barium and air, and of the small intestines using barium and
water, following intubation of the duodenum (Kealy 1987, Kleine and Lamb 1989,
Wolvekamp 1989, Burk and Ackerman 1996, Konde and Pugh 1996).

A systematic ultrasonographic examination of the canine GI tract using selective filling of
stomach, small intestines, or colon, with fluid, comparable to the selective filling of these
parts of the GI tract for contrast radiography, can not be found in the veterinary literature.

The purpose of my second study was to assess the effect of fluid administration to the
stomach for a SBFT study, the enteroclysis technique, and the reflux examination on the
quality of ultrasonographic images of the gastrointestinal tract in healthy dogs. During
these experiments I intended to decide, which of these techniques is most suitable for

improving the ultrasonographic image of the canine GI tract.

Partial or complete obstruction of the small intestine of the dog can be caused by
indigestible foreign material, masses of parasites, postoperative adhesions, neoplasm,

granulomas, abscesses, volvulus, intussusception and hernial incarceration. Paralysis of a



segment or that of the entire small bowel caused by peritonitis, enteritis, pancreatitis, certain
drugs, or following laparotomy may cause signs of intestinal obstruction (Fraser, 1991).
Reports on the sonographic appearance of canine intestinal ileus are limited to that of the
gastrointestinal foreign bodies, invagination and paralytic ileus (Fluckiger and Arnold, 1986;
Kantrowitz et al., 1988; Penninck et al., 1990; Watson et al., 1991; Tidwell and Penninck,
1992; Kramer and Gerwing, 1996). Numerous authors have described the sonographic
findings of small intestinal obstruction in human beings. There are also sonographic criteria
for the diagnosis of this disorder in humans (Ko et al., 1993; Ogata et al., 1994 and 1996;
Truong et al. 1992).

The aims of my third study was to establish similar sonographic criteria and evaluate

their efficacy in the diagnosis of intestinal obstruction of the dog.

I also intended to investigate how ultrasonography can be integrated into the
diagnostic process of canine intestinal obstruction. Human clinical studies found
ultrasonography to be a useful diagnostic technique in the differential diagnosis of different
forms of ileus (Meiser and Meissner 1987, Truong et al. 1992, Ogata et al. 1994). A
prospective study regarded ultrasonography to be as sensitive and more specific than plain
film radiography in the diagnosis of bowel obstruction of humans (Ogata et al. 1996). Others
reported the sensitivity of ultrasonography higher than conventional radiography in
diagnosing small bowel obstruction and strangulation (Ko et al. 1993, Czechowski 1996).
Similar comparative studies have not been reported in veterinary medicine.

The objective of my fourth study was to compare the diagnostic value of

ultrasonography with that of plain film radiography in canine intestinal obstruction.

Changes in the thickness and/or structure of the GI wall, in the diameter and content
of the lumen, and in the peristalsis are consistent ultrasonographic features of gastrointestinal
disorders. The observed ultrasonographic changes have been reported in certain
gastrointestinal disorders of the dog (Penninck 1995). These observed ultrasonographic
alterations, however have not been assessed on a large number of clinical cases.

The objectives of my fifth study were to observe the ultrasonographic changes on a large
number of clinical cases, and to try to determine the diagnostic value of these
sonographic alterations. My final goal was to combine my findings with those of other
authors in order to determine the role of ultrasonography in the diagnosis of canine

gastroenterological diseases.



CHAPTERI

COMPARISON OF IN VIVO AND IN VITRO ULTRASONOGRAPHIC
APPEARANCES AND WALL THICKNESS MEASUREMENTS OF THE
CANINE INTESTINAL TRACT

There is increasing use of ultrasonography during the diagnosis of various GI disorders
both in human and veterinary medicine (Mittelstaedt 1992, Penninck 1995). The normal
ultrasonographic appearance and wall thickness of the intestinal tract of the dog and humans
have been described (Kimmey et al. 1989, Penninck et al. 1989, Silverstein et al. 1989,
Wiersema and Wiersema 1993). According to these reports, the GI wall has a typical layered
appearance with five layers visible when transducers of higher frequencies are used. These

layers from lumen to serosa are the followings:

e an inner hyperechoic layer representing the interface between the lumen and the mucosa,

e ahypoechoic layer representing the remainder of mucosa,

¢ amiddle hyperechoic layer representing the submucosa and interfaces between submucosa,
mucosa and the muscular layers,

e a hypoechoic layer corresponding to the rest of the muscular layer,

e an outer hyperechoic layer representing the interface between the muscular layer and
serosa (Fig.1).
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Fig. 1. Relationship between the ultrasound image and the layers of the normal bowel wall. Diagonally hatched

areas represent interface echoes, which will appear hyperechoic. (Wiersema and Wiersema 1993).



The normal wall thickness of the stomach and duodenum of the dog ranges from 3-5
mm, while that of the small and large intestines ranges from 2-3 mm (Penninck 1989, Lamb
and Simpson 1995). Besides the ultrasonographic appearance of the normal canine GI tract,
some clinical applications of GI ultrasonography in dogs have been also described (Penninck
et al. 1990, Penninck 1995). Changes in the thickness and appearance of the GI wall can be
associated with pathological processes. Although these changes have been described during
some GI diseases of the dog, no experimental in vitro validation was done to correlate the in
vivo and in vitro ultrasonographic appearance of the different morphological alterations of the
GI tract. The comparison of the GI lesions observed in vivo by the ultrasound with the in vitro
sonographic appearance of these parts following surgical or pathological dissection can be
beneficial to improve the diagnostic accuracy of both the technique and the examiner.
However, these in vitro ultrasound examinations may hamper further histopathological
examinations if performed prior to fixing with formaldehyde solution. Description of the
effect of formaldehyde fixation on the in vitro appearance and wall thickness of the intestines
is lacking in both veterinary and human medicine to our knowledge. The aim of this study
was to compare the in vivo and in vitro ultrasonographic appearances and wall thickness
measurements of the GI tract of the dog and those of isolated GI segments before and after

formaldehyde fixation.



MATERIALS AND METHODS

Eight dogs that were due to be euthanised because of untreatable disorders not related
to the gastrointestinal tract were selected for this study. All dogs underwent routine abdominal
ultrasonography before euthanasia using a 7 MHz mechanical sector and/ or a 5 MHz convex
array transducer (Briiel & Kjaer 1846, Briiel & Kjaer, Panther 2002, Naerum, Denmark). The
dogs were fasted for 24 hours before the examinations. The abdominal skin was prepared as
for a routine abdominal ultrasound examination (clipping of the hair, wetting with ultrasound
gel.) The appearance of their gastrointestinal tract were observed and the wall thickness of the
descending duodenum and some jejunal loops were measured between the hyperechoic
mucosal and serosal surface by internal machine calipers. Later, 10-15 cm long segments of
the descending duodenum, the jejunum and the descending colon were cut out following
euthanasia (within 4 hours). The isolated intestinal segments were cleaned with flushing using
tap water in two dogs and physiologic saline solution in the other six animals. The intestinal
parts were cut in half in seven dogs. One half of the segments were used for an immediate
ultrasound examination in waterbath, using the same bathing fluid in each case that was also
used during the earlier cleaning process. The intestinal segments were immersed in the
bathing fluid and the transducer was placed on the fluid surface, about 4-6 cm distance from
them. The other parts of the intestinal segments were fixed in 10% neutral formaldehyde
solution for at least a week before the ultrasound examination. Tap water was used as
waterbath medium during the ultrasound examination of the formaldehyde fixed intestines.
Wall thickness measurements at three different points were made in saggital and transverse
section of both the formaldehyde fixed and unfixed duodenum, jejunum and colon segments.
Full thickness samples were obtained for histological examination from the formaldehyde

fixed intestines.



RESULTS

The in vivo ultrasonographic appearance of the gastrointestinal tract had the same
features as described in the literature (Kimmey et al. 1989, Penninck et al. 1989, Silverstein et
al. 1989, Wiersema and Wiersema 1993). With the use of the 7 MHz transducer all five layers

of the small intestinal wall were visible (Fig.2).

Fig. 2. Ultrasound image of a small
intestinal segment in saggital section.
The five layers of the bowel wall is
clearly visible. The mucosal surface,
mucosa and submucosa are marked
between machine calipers. The spleen
(S) is visible on the top of the picture.

In vivo assessment and measurement of the wall of the colon was not possible in any
of the dogs, because of the disturbing effect of intraluminal gas and fecal content. Placing the
intestinal specimens into waterbath enabled a more detailed observation of the gastrointestinal
wall layers (Figs 3. and 4.). The formaldehyde fixation did not change the ultrasonographic
appearance of the intestinal segments (Fig 5.). The results of in vivo and in vitro wall
thickness measurements are shown in 7Table I. All intestinal segments were considered

normal based on the result of the histological examination.

Fig. 3. and 4. Cross sectional and saggital ultrasound images of an isolated duodenum segment in waterbath. The
five layers of the bowel wall is clearly distinguishable. Machine calipers are placed to the luminal and serosal
surface of the bowel wall.



Fig. 5. Cross sectional ultrasound
image of an isolated duodenum
segment in waterbath after one-week
long formaldehyde fixation. The
appearance of the intestinal wall layers
is the same as that of the fresh, unfixed
specimens. Machine calipers are
placed on the serosal and mucosal
surface of the bowel wall.

Dog In vivo wall In vitro wall In vitro wall thickness
No. | Data of the dogs thickness thickness measurements after
measurements measurements formaldehyde fixation
(breed, age, sex) (in mm) (in mm) (in mm)
1. Great Dane, duodenum: 4 Duodenum: 6-7 duodenum: 5-6
1 year, female jejunum: 3 Jejunum: 5-5 jejunum: 4-3
colon: - Colon: 5-4 colon: 3-4
2. Mixed breed, duodenum: 5 Duodenum: 4.5-4 duodenum: 4-4
10 years, male jejunum: 3 Jejunum: 4-4 jejunum: 3-3
colon: - colon: - colon: -
3. Bernese duodenum: 4.5 Duodenum: 7-5.8 duodenum: 4.5-5
mountain dog, jejunum: 2.8 Jejunum: 5-5.8 jejunum: 5-4.5
11 years, female colon: - Colon: 3.7-3.7 colon: 5.8-4
4. English setter, duodenum: 4 Duodenum: 4-4 duodenum: 5-5
5 year old, male jejunum: 4 Jejunum: 3-3 jejunum: 3-3
colon: - colon: - colon: -
5. Dogo argentino, | duodenum: 4.5 | Duodenum: 4.5-4.1 duodenum: 5.4-5
8 months, male jejunum: 2.8 Jejunum: 3.7-3.7 jejunum: 4.3-3.8
colon: - Colon: 3.7-4.1 colon: 3-3.7
6. Dogo argentino, | duodenum: 4.2 Duodenum: 5-5 duodenum: 4.1-4.5
8 months, male jejunum: 2.5 Jejunum: 3.6-3.7 jejunum: 3.7-4.1
colon: - Colon: 4-4.1 colon: 5-4.5
7. Bernese duodenum: 3.7 Duodenum: 4-4 duodenum: 5.8-5.4
mountain dog, jejunum: 2.5 Jejunum: 2.5-2.5 jejunum: 3.6-4.1
5 years, female colon: - Colon: 4.1-4.1 colon: 4.5-5.4
8. Mixed breed, duodenum: 4 | Duodenum: 3.7-3.1 -
5 years, male jejunum: 2.8 Jejunum: 2.4-2.6
colon: - colon: -

Table 1. The results of the in vivo and the in vitro ultrasonographic measurements of the intestines prior and
following formaldehyde fixation. The numbers separated with a hyphen indicate the averages of three-three wall
thickness measurements in saggital and transverse sections, respectively.



DISCUSSION

The formaldehyde fixation did not change the ultrasonographic appearance of the
intestinal segments, thus in vitro ultrasonographic examination of different pathological
processes of the intestines is possible following formaldehyde fixation.

The result of in vivo wall thickness measurements were accordance with earlier
reports in all but one dog (dog No. 4). The in vitro wall thickness measurements resulted in
higher values than the in vivo measurements did in five of the eight dogs.

There are different factors that may have contributed to this latter finding. Firstly, smooth
muscle contraction after death may have played a role in the thickening of the intestines.
Secondly, the waterbath fluid may have had an effect on the intestinal segments in two dogs
(dog No.1 and No.2), where tap-water was used both during the cleaning of the intestinal
lumen and also as waterbath medium. This may have caused thickening of the intestines due
to the osmotic effect of tap water. However, isotonic saline solution was used in all other
cases, thus in those cases osmotic differences should not have played a role in the higher
values of in vitro measurements. Thirdly, the different measured thickness of the same
intestinal segment in different planes raise the suspicion of possible measurement errors. This
may also explain the higher than normal wall thickness of the jejunum that was measured in
vivo in dog No.4. The transducer position is of special importance during ultrasonographic
measurements. Erroneously higher data of the intestinal wall thickness will be measured in
saggital view when the transducer is not hold precisely perpendicular to the longitudinal axis
of the intestinal segment or when the scanning is performed in parasaggital section. The
higher is the distance of the scanning plane from the midsaggital section of the intestine and
the higher is the degree of the incident beam from the perpendicular direction, the greater is
the alteration from the real value in saggital section. The situation is slightly different when
the intestines are viewed in transverse plane. Unintentional tilting or turning the transducer
from transverse plane will produce falsely thicker measurements of the intestinal wall only if
certain parts of the intestinal wall are used for the measurements. Tilting the transducer from
transverse plane will cause erroneous measurement if the part closest to and most far away
from the transducer are used for measuring. On the contrary, rotation will affect the
measurements only if not these parts of the intestinal segments are used for the measurements.
The higher is the alteration from transverse plane in any direction, the higher the measurement

error will be.



The following conclusions can be drawn from this study:

1. The formaldehyde fixation did not change the appearance of the intestinal segments,
thus in vitro ultrasonographic examination of different pathological processes of the

intestines is possible following formaldehyde fixation.

2. In vitro ultrasonographic measurements are affected by various factors, that should

be considered when comparing them with in vivo ultrasonographic measurements.

3. To minimize erroneous ultrasonographic measurement of the gastrointestinal tract,
the transducer should be always kept perpendicular to a gastrointestinal segment and
measurement should be done when the largest luminal diameter, hence the thinnest
wall thickness is observed in saggital section. On the contrary, measurements in
transverse view should be done when the smallest and most circular luminal area is

observed.



CHAPTER 11

FLUID AIDED ULTRASONOGRAPHY OF THE GASTROINTESTINAL
TRACT IN HEALTHY BEAGLES

The ultrasonographic appearance of the normal canine gastrointestinal tract and some
clinical applications of gastrointestinal ultrasonography in dogs have been described
(Penninck et al. 1989 and 1990, Penninck 1995). Ultrasonography of the abdomen in general
and that of the gastrointestinal tract in particular, may be hampered by gas in the
gastrointestinal tract. In humans, patient preparation, by way of withholding food and
administration of laxatives, had an unpredictable effect on the quality of ultrasonographic
examinations (Meire and Farrant 1978). The consumption of degassed fluids before the
examination in humans improved the sonographic picture of the stomach and duodenum
(Joharjy 1990, Mittelstaedt 1992). Fluid administration via a stomach tube has been
recommended in the dog to enhance visualization of suspected intramural or luminal lesions
of upper segments of the gastrointestinal tract (Kleine and Lamb 1989, Penninck et al 1989).

For decades, radiography of the canine abdomen has been used to examine the
gastrointestinal tract and it is common use to administer barium to the gastrointestinal tract
when survey radiographs are not diagnostic. These contrast studies include selective filling of
the stomach, the small intestines following intubation of the duodenum, and the colon.
Furthermore, the small intestines may be studied using the small bowel follow through
(SBFT) study, following contrast administration to the stomach, or the reflux examination,
following contrast administration to the colon. Double contrast studies have been performed
of the stomach and colon using barium and air, and of the small intestines using barium and
water, following intubation of the duodenum (Kealy 1987, Kleine and Lamb 1989,
Wolvekamp 1989, Burk and Ackerman 1996, Konde and Pugh 1996).

A systematic ultrasonographic examination of the canine gastrointestinal tract using
selective filling of stomach, small intestines, or colon, with fluid, comparable to the selective
filling of these parts of the gastrointestinal tract for contrast radiography, can not found in the
literature.

The purpose of the present study was to assess the effect of fluid administration to the
stomach for a SBFT study, the enteroclysis technique, and the reflux examination on the

quality of ultrasonographic images of the gastrointestinal tract in healthy dogs.



MATERIALS AND METHODS

Ultrasonographic examinations of the GI tract were performed on 9 clinically healthy
beagles. There were 5 males and 4 females. The dogs were between 3.5 and 11 years of age
(mean 9 years) and weighed between 10 and 18.5 kg (mean 14.5 kg).

All ultrasonographic examinations were performed using a high definition ultrasound
system equipped with a 5-3 and a 7-4 MHz broadband phased array, and a 10-5 MHz
broadband linear array transducer.* The actual choice for a transducer depended on both the
size of the dog and on the depth of the area of interest. Images were recorded on videotape for
subsequent evaluation.

The dogs were fasted for 24 hours before the examinations. The abdominal skin was
prepared as for a routine abdominal ultrasound examination (clipping of the hair, wetting with
ultrasound gel.) All ultrasonographic examinations (before and following fluid
administration) were performed on the dogs in dorsal and right lateral recumbency. When the
pylorus and the proximal part of the duodenum could not be identified using this approach,
the dogs were positioned oblique between dorsal and right lateral recumbency. When gas
containing parts of the gastrointestinal tract interfered with the transmission of ultrasound,
scanning from the dependent side of abdomen was tried. Often a slight increase of pressure
with the transducer was used to displace superficial, gas containing intestinal loops.

Before any fluid was administered to the GI tract, an initial ultrasonographic
examination of the abdomen was performed in every dog. Seven dogs were examined
following administration of fluid to the stomach through a gastric tube. In 3 of these 7 dogs a
reflux examination was performed following the administration of fluid to the colon, and
another 3 of these 7 and 2 other dogs were examined following selective filling of the small
intestines with fluid following intubation of the duodenum. When dogs were examined twice,

there were at least 2 weeks in between examinations.

Fluid administration to the stomach and SBFT study

Small bowel follow through studies were performed in conscious dogs with only
minimal manual restraint. Fluid was administered through a gastric tube: 10 ml/bwkg 2.2 %
carboxymethylcellulose (CMC)7 solution in 5 dogs, 10ml/bwkg tap water in 1 dog and 10
ml/bwkg soluble iodide radiographic contrast mediumf in another one. All 7 dogs were
examined ultrasonographically at 5-10 and 10-20 minutes after the fluid administration. Four

dogs (among whom 2 received CMC solution, 1-1 received tap water and radiographic



contrast respectively) were further scanned 3-4 times similarly to a radiographic SBFT study
at 20-40, 40-60, 60-90, 90-150 and 150-210 minutes following fluid administration.
Ventrodorsal and left lateral radiographs were also made in the dog that received radiographic

contrast medium at 0,15,30,45,60 and 120 minutes after the contrast material was given.

Enteroclysis examination

Following sedation with 0.3-0.5 mg/bwkg acepromazine maleate§, a tube with a
guidewire was inserted through a mouth-gag into the stomach and then into the duodenum
under fluoroscopic control. This procedure is described in detail elsewhere (Wolvekamp
1989). The tube was attached to an enema bag and the small intestines were filled completely
with 800-1000 ml warm CMC solution in 4 dogs, and 800 ml warm radiographic contrast
material in 1 other dog, by the force of gravity. This was constantly monitored by
ultrasonography. The infusion was terminated when the fluid column reached the colon. The
infusion rate varied from 57 to 133 ml/min. In 2 dogs, 200 and 140 ml additional fluid was
injected into the rectum from a large syringe in order to enhance visualization of the large
intestine. Ventrodorsal and laterolateral radiographs were also taken from the dog that

received radiographic contrast medium at the time when all intestinal loops were distended.

Reflux examination

All three dogs were sedated with medetomidine hydrochloridey (40-60 (ug/kg iv.)
One dog was also given propofol** additionally (1 mg/kg iv.) Following multiple high-
volume warm water cleansing enemas, a balloon-catheter attached to an enema bag was
inserted into the rectum. The balloon was insufflated and the colon and the small intestines
were filled with 1000-1300 ml warm, isotonic saline solution from the enema bag by the force
of gravity in all 3 dogs. This was constantly monitored by ultrasonography. The flow of the
fluid was stopped when the fluid column reached the descending duodenum. The infusion rate
varied from 100 to 140 ml/min. After the examination, the enema bag was lowered in order to
remove the fluid from the GI tract. The dogs were awakened with an atipamezole

hydrochloridef ( (2.5 times the dose of the originally used medetomidine) injection.



All ultrasonographic examinations were focused on the gastrointestinal tract. Gastrointestinal
wall recognition, the nature of luminal content (fluid-, mucus-, or gas pattern) and the
presence of peristalsis were the main criteria for the assessment of the quality of the
sonographic images. The stomach and the proximal duodenum, the small intestines and the
large intestines were separately assessed and graded in each dog according to the following

grading system:

Grade 1. : Very poor visualization of the GI wall, mainly gas pattern.

Grade 2. : Poor visualization of the GI wall, more parts with gas artifacts than with
mucus or fluid pattern.

Grade 3. : Moderate visualization of the GI wall, approximately the same amount of
mucus or fluid pattern as gas pattern.

Grade 4. : Good visualization of the GI wall, mainly mucus or fluid pattern with few
gas artifacts.

Grade 5.: Excellent visualization of the GI wall, mainly fluid pattern with some areas

with mucus pattern, without any gas artifacts.

*HDI 3000, Advanced Technology Laboratories, Woerden, The Netherlands

+ CMC sodium 2.2 %, prepared from carboxymethylcellulose sodium, Metsd-Serla Chemicals B.V., Nijmegen,
The Netherlands

1 Hexabrix 320, Guerbet Nederland B.V., Gorinchem, The Netherlands

§ Vetranquil, Sanofi Sante B.V., Maasluis, The Netherlands

9 Domitor, SmithKline Beecham Animal Health BV, Zoetermeer, the Netherlands

** Diprivan, Zeneca BV, Ridderkerk, the Netherlands

11 Antisedan, SmithKline Beecham Animal Health BV, Zoetermeer, the Netherlands



RESULTS

Initial examination

The quality of the images of abdominal ultrasonography before fluid application
varied from dog to dog. The stomach always contained some gas that made the assessment of
the whole organ difficult or even impossible. The small intestines showed gas and mucus
pattern in varying distribution. Peristalsis could be well observed as swirling movement of the
echogenic ingesta particles or movement of the gas content together with the contraction of
the GI segment. Evaluation of the colon was always impossible due to intraluminal gas and/or

fecal material.

Fluid administration to the stomach and the SBFT study

The fluid administration through a gastric tube was always easily achieved with
minimal manual restraint in all the 7 dogs. The results of the initial scan and those of the
scans following fluid administration together with the time intervals in minutes after fluid

administration are summarized in Table 2.1.

Dog Fluid Results of | 5-10 10-20 20-40 40-60 60-90 90-150 150-
No. the initial min. min. min. min. min. min. 210
scans min.
1. 2-3 3 3-4 2-3 2-3 2 - 2-3
CMC 3 3 3 3-4 3-4 3 3
1 1 1 1 1 1 1
2. 2 1-2 4-5 4-5 3 - 1-2 2
CMC 2 2 2-3 3 3 2-3 2-3
1 1 1 1 1 1 1
3. 2 1-2 1-2 1-2 1-2 2 3-4 -
iodide 3 3 3 3 34 2-3 34
contrast 1 1 1 1 1 1 1-2
4. 2-3 3 34 1-2 - - 2-3 3
water 2-3 3 3 34 2 2-3
1 1 1 1 1 1
5. 3-4 4 2-3
CMC 3 3 3
1 1 1
6. 2 3-4 4
CMC 2-3 2-3 3
1 1 1
7. 2-3 1-2 3
CMC 3 3 3
1 1 1

Table 2.1 The results of fluid administration to the stomach. In the upper row the numbers in minutes indicate
the time after fluid administration. The number(s) in the cells indicate the grades given for the ultrasonographic
quality of the stomach and proximal duodenum (top), the rest of the small intestines (middle) and the large
intestines (bottom), respectively. CMC: carboxymethylcellulose



A moderate distension of the stomach was immediately noted, but the image quality

improved after 5-10 minutes following fluid administration. The only exception was dog No.3

in which a large amount of air was present in the stomach before the fluid application. In that

case the stomach could not be examined at all until it had emptied with only a minimal gas

remaining in its lumen (Fig 2.1). In 5 of the dogs (not in dog No.2 and No.4) small echogenic

bubbles were noted following the fluid administration. Even though it was slightly disturbing,

it did not make the visualization of the stomach wall impossible (Fig 2.2).
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Fig. 2.1 Ultrasonographic image of
the stomach with large amount of
intraluminal gas in transverse view
(dog No.3). Only the wall closer to
the transducer can be visualized,
other parts of the gastric wall are
covered by gas artifact
(shadowing). The liver (L) is
visible on the left of the image.

Fig. 2.2 Ultrasonographic image
of the stomach in transverse view.
Small echogenic bubbles are
present in the lumen after fluid
administration through a gastric
tube (dog No.5). Both close and
far wall of the stomach can be
clearly visualized. The layered
appearance of the gastric wall is
easily recognizable. The liver is
visible on the top of the image.
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The stomach emptying started immediately following the fluid application and after 45-90
minutes the stomach was empty. The passing fluid helped to identify and better visualize the

pylorus and duodenum (Fig.2.3).
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Fig. 2.3 Ultrasonographic image

of the pylorus and the proximal
part of the duodenum during
gastric emptying of fluid in dog
No.3. Intraluminal fluid created
better circumstances to visualize
the pylorus, however gas bubbles
are causing artefact that partly
covers the wall of the pyloric
canal on the picture (white
arrow).
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The peristaltic contractions and the movement of the luminal content was readily
visible throughout the gastrointestinal tract. Peristaltic activity was increased by fluid
administration. In case of the beagle (dog No.3) that received iodide contrast material,
contrast in the stomach (0 min.), contrast in the stomach and in the cranial small intestinal
loops (15-30 min.), contrast in the stomach and in the caudal small intestinal loops (45, 60
min) and eventually contrast in the caudal small intestines and in the colon (120 min.) could
be seen on the series of radiographs (Fig.2.4-6). During the almost simultaneously performed
sonographic examinations, the stomach emptying (from 5 to 60 minutes after fluid
application) and some dilated small intestinal loops with peristaltic activity (from 5 to 120
min. after fluid administration), and eventually some fluid in the colon (120 min. after fluid
application) were recognized. The identification of the different small intestinal segments -
except the duodenum - was not possible. The findings in the remaining dogs were similar to
this beagle: as the fluid passed through the small intestinal loops it increased the quality of
their sonographic image (causing slight distension and rather mucus than fluid pattern) but it
was not possible to identify the different intestinal segments (Fig.2.7). Some parts of the
intestines always contained gas and therefore were missed during the examination. The
evaluation of the entire colon was not possible in any of the dogs (even if some fluid reached
it from cranial direction), because of the disturbing effect of gas and/or fecal material present

in its lumen.
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Fig. 2.4 Lateral radiograph of the abdomen of Fig. 2.5 Lateral radiograph of the abdomen of

dog No.3 taken immediately following iodide dog No.3 taken 45 minutes following iodide
contrast administration to the stomach. The contrast administration to the stomach. The
contrast material is visible in the stomach. contrast material is visible in the stomach and

in some jejunal loops.
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Fig. 2.6 Lateral radiograph of the abdomen of Fig. 2.7 Ultrasonographic image of two small
dog No.3 taken 120 minutes following iodide intestinal loops in sagittal section during the
contrast administration to the stomach. The SBFT study in dog No.6. The lumens (white
contrast material is visible in the colon. arrows) are hyperechoic due to small gas

bubbles in the intraluminal fluid. The bowel
wall structure is not recognizable and seems
hypoechoic.
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Enteroclysis

The acepromazine sedation was not satisfactory and considerable manual restraint was
needed during the insertion of the tube to the stomach and then through the pylorus into the
duodenum, however once the tube was in place the sedation proved satisfactory during the
ultrasonographic examination. The time needed for duodenal intubation varied from 2
minutes to almost 30 minutes. The infusion of fluid caused distension of the duodenum and
subsequently of all the aboral intestinal loops. There was always some reflux to the stomach.
At the time when all of the small intestinal loops were distended, showing fluid pattern, and
were transiently paralyzed, the infusion was stopped (Fig 2.8). During filling, the infusion
rate was adjusted to the desirable effect by changing the height of the enema bag. As the tube
was removed from the duodenum larger amount of reflux occurred to the stomach, but it
never caused vomiting in any of the dogs. This reflux caused a fluid pattern in the distended
stomach (Fig2.9).

After 3-5 minutes paralytic state the peristalsis returned and the fluid gradually
disappeared from the small intestine. As the fluid reached the colon from cranial direction,
this helped to better visualize the colon wall but visualization of the whole large intestine was
not possible - even when some fluid was injected into the rectum, because of the disturbing
effect of gas or fecal material present in its lumen. On the radiographs, that were obtained
from the dog No.1 at the time of complete filling, a contrast filled stomach together with the
completely contrast filled small and large intestines were seen (Fig 2.10). The results of the
initial scan and those of the scans following fluid administration are summarized in 7able 2.2.
The time needed for the complete filling of the intestines and the effect of additional fluid

administration to the rectum are also included in the table.
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Dog Fluid type Results of the Image quality Time for Additional per
No. initial at the time of complete rectal fluid and
examination complete filling filling the image quality
of the rectum
1. 800 ml iodide 3 4 6 min. 130 ml tap water
contrast solution 3 4
1 3-4 rectum: 4
2. 1000 ml CMC 2 4 10 min. -
2-3 4-5
1 1
4. 800 ml CMC 3-4 4-5 14 min. 200ml CMC
3 4
1 1 rectum: 2-3
8. 900 ml CMC 3 4 8 min. -
3 4
1 1
9. 1000 ml CMC 1-2 2 18 min. -
2-3 4-5
1 1

Table 2.2 Results of the enteroclysis examination. The number(s) in the cells indicate the grades given for the
ultrasonographic quality of the stomach and proximal duodenum (top), the rest of the small intestines (middle)
and the large intestines(bottom), respectively. CMC: carboxymethylcellulose
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= Fig.2.8 Enteroclysis examination.
: Ultrasonographic image of fluid filled
small intestinal loops in. transverse view
dog (No.9). The intestinal lumen contains
anechoic fluid. Note the prominent
innermost hyperechoic layer of the bowel
wall. The spleen is visible in the top of the
picture.
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Fig. 2.9 Enteroclysis examination.
Ultrasonographic image of the fluid
filled stomach in transverse view
(dog No.2). Reflux to the stomach
caused distension of the organ and
the anechoic fluid in the lumen
created optimal circumstances for
the visualization of the layers of the
gastric wall.

Fig.2.10  Enteroclysis examination. Lateral
radiograph of the abdomen at the time of
complete filling of the small intestinal loops
(dog No.3). All intestinal loops are distended
with the radiographic contrast material.
Presence of contrast material in the stomach
and in the colon is also evident. The plastic
tube used for duodenal intubation can be seen
on the left of the picture (black arrow).
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Reflux examination

In one dog (dog No.1) propofol was used additionally to the medetomidine sedation,
but this proved to be unnecessary in the other two dogs. The fluid infusion caused gradual
distension of the colon and subsequently that of the entire intestinal tract. The infusion was
stopped when the fluid column reached the descending duodenum. At that time, all of the
intestinal loops were distended, showing fluid pattern with only a minimal amount of gas
bubbles remaining in their lumen. Some fecal material also remained at the ileocaecal part
despite of the previous enemas. Both small and large intestinal loops were completely filled
with fluid and transiently paralyzed (Fig.2.11-14). This technique had very little effect on the
stomach as only small amount of reflux occurred during this study. The results of the initial
scans and those of the scans following fluid administration together with the time needed for

fluid administration are presented in Table 2.3.

Dog No. Fluid Results of the Image Time needed
initial scan quality at for complete
time of filling
complete
filling
3. 1300 ml 1-2 2-3 9 min.
saline 3 4
1 4
5. 1300 ml 2-3 2-3 8 min.
saline 2-3 3
1 4
6. 1300 ml 2-3 2-3 12 min.
saline 2-3 4-5
1 4-5

Table 2.3 The results of the reflux examination. The number(s) in the cells indicate the grades
given for the ultrasonographic quality of the stomach and proximal duodenum (top), the rest of
the small intestines (middle) and the large intestines (bottom), respectively.
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Ultrasonographic appearance of the gastrointestinal wall

The gastrointestinal wall had typical layered appearance during both the initial
examinations and during the ultrasonography following any type of fluid administration. The
number of visible layers depended on the frequency of the transducer used. With a 5 MHz
transducer, generally only 3 layers were visible: an innermost thin echogenic layer
representing the interface between mucosa and lumen, a thick echopoor one in the middle
representing the combination of mucosa, submucosa and muscular layers, and an outer thin
echogenic one representing subserosa, serosa. In some instances, when the visualization of the
stomach wall was suitable (mucus or fluid content), the stomach wall was seen to consist of
five layers: 3 echogenic layers and 2 echopoor ones in between them. With the use of 7 or 10
MHz transducers all intestinal segments had this 5 layers appearance. Generally, the
innermost echopoor layer, representing the mucosa was the thickest one. However, following
rapid fluid administration, in some dogs during the enteroclysis or reflux examination a
transient increase in the thickness of the innermost echogenic layer, representing mucosal-

lumen interface was noted (Fig. 2.8 and 2.12).
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Fig 11. Reflux examination (dog
No.6). The ultrasonographic image of
the colon and the duodenum in
sagittal view. The colon (top) is filled
with anechoic fluid. The descending
duodenum (under the colon) was
used to monitor the retrograde filling
of the intestines. A small amount of
fluid can be also seen in the slightly
dilated lumen of the duodenum.
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Fig.2.12 Reflux examination (dog
No.6). Ultrasonographic image of
fluid filled small intestinal loops in
transverse view. The intestinal
lumen contains anechoic fluid.
Note the prominent innermost
hyperechoic layer of the bowel
wall.
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Fig.2.13. Reflux examination.
Ultrasonographic image of the fluid
filled ileocaecocolic junction in dog
No.3. The fluid filled structure in
the left part of the picture is the
colon. The lumen of the caecum is
also filled with anechoic fluid
(white  arrow), however the
terminal part of the ileum contains
hyperechoic content (black arrow).
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i Fig.2.14 Reflux examination (dog
- No.6). Ultrasonographic image of
: three fluid filled small intestinal
loops in transverse view (top of the
picture) and sagittal view of the
colon (bottom of the picture). The
layered structure of the wall of the
small intestinal loops is
recognizable. The fluid in the
lumen of the intestines is anechoic.
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DISCUSSION

Gas in the gastrointestinal tract represents by far the most common cause of an
unsatisfactory abdominal ultrasound examination in both human and veterinary medicine.
The disturbing effect of gas is due to its acoustic properties that largely differ from those of
the abdominal organs. Replacing the gas by fluid has been suggested in upper gastrointestinal
ultrasonographic examinations both in human and canine patients, and during
ultrasonography of the rectum and colon in humans (Joharjy et al. 1990, Penninck et al. 1990,
Limberg 1992, Nagita et al. 1994).

The aim of this study was to assess the effect of replacing gas in the gastrointestinal
tract by fluid administration following three different routes, that have been used for
radiographic contrast techniques.

During these experiments, I used tap water, soluble iodide contrast material,
physiologic saline solution and carboxymethylcellulose (CMC) solution. The soluble iodide
contrast was chosen for an immediate comparison between radiographic and sonographic
contrast techniques. By using this agent during the SBFT study we were able to follow the
aboral passage of contrast material both on the series of radiographs and during the repeated
ultrasound examinations. The use of radiographic contrast also enabled me to check the
complete filling of the small intestinal loops in the enteroclysis examination. The use of
barium would have produced better radiographic images, but would have deteriorated the
quality of the ultrasonographic images (Leopold and Asher 1971). Human investigations have
described the superior image quality that was found when CMC solution was used as a
sonographic contrast material instead of tap water (Lund et al. 1992, Sisler and Tilcock 1995).
That is why I mainly used this agent during our experiments. One exception was the reflux
study where the absorptive capacity of the colon had to be taken into consideration. I used
physiologic saline solution, as this fluid has no effect on the serum electrolytes. The use of
saline solution is also suggested in human hydrocolonic sonographic examinations (Nagita et
al. 1994). I did not find differences in the sonographic image quality related to the use of
different fluids. The poor image quality of the stomach of a dog, to which iodide contrast had
been given, was probably due to the presence of large amounts of gas in the stomach, and not
to the effect of the fluid itself. Small bubbles inside the fluid were noted both when CMC
solution or iodide contrast were used, but their presence did not hamper the visualization of

the gastrointestinal wall.
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An ideal ultrasonographic technique would allow assessment of the gastrointestinal
wall, as well as the lumen and the peristalsis of the whole gastrointestinal tract. Because
unlike radiography, sonography lacks overview of the entire abdomen, the only way to be
sure that the whole gastrointestinal tract is visualized is when it was possible to follow the
intestines from the pylorus to the rectum or vice versa. None of the three sonographic contrast
techniques has fulfilled all these criteria.

There was a positive relation between the distension of the lumen with fluid and the
quality of the ultrasound images. The largest part of the gastrointestinal tract was filled with
fluid during the reflux examination, when both the large and small intestines could be well
visualized. Even though identification of more segments was possible than with the other
techniques (i.e. both the rectum, the colon, the ileocaecal junction and the duodenum could be
identified), I was not able to follow the whole intestinal tract from duodenum to colon. It was
also impossible during the other methods. The enteroclysis technique caused distension of all
of the small intestines and to a smaller extent the stomach and the colon. Unlike in the reflux
examination, the large intestine was not cleaned with previous enemas in this study and as a
result, the image quality of the large intestines was not acceptable. The fluid administration
through a gastric tube caused distension of only the stomach and had much less effect on the
intestinal tract. There were a few minutes delay during this study until improvement of the
image of the stomach could be noted following fluid administration, and in one case, no
improvement was noted at all until the stomach became completely empty. Both problems are
related to the intraluminal gas that was most probably introduced by, or in the latter case,
already present before the fluid application. Gas removal is suggested by Penninck et al.
(1989), and lack of gas removal in our study may explain the unsatisfactory results.

Following administration of fluid to the stomach, there was a slight increase in
peristaltic activity of the gastrointestinal tract, while the reflux and enteroclysis techniques
hampered the study of peristalsis by causing transient paralysis of the intestines. As the
assessment of peristalsis seems to be of special importance in the diagnosis of partial or
complete obstruction, fluid administration may be of no use in the sonographic diagnosis of
these disorders (Manczur et al. 1998). However, fluid administration may be valuable for the
detection of small intramural or luminal lesions that cause only slight or no obstruction.

From a technical point of view, the administration of fluid through a gastric tube was
the simplest technique to perform. Both the enteroclysis and the reflux techniques had the
disadvantage that the dogs had to be sedated during the examination. The need of fluoroscopy

and the difficulties of duodenal intubation put enteroclysis to the third place.
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When considering time demand (both for preparation and examination time), the
reflux technique was the fastest examination, while the SBFT study was the most time
consuming method.

The use of smooth-muscle relaxant drugs are advocated in both per oral and per rectal
fluid administration in humans (Joharjy et. al. 1990, Limberg 1992, Mittelstaedt 1992). Such
drugs were not used in the present study, but medetomidine, that was used for sedation may
have had a similar effect on the GI tract. Smooth muscle relaxant drugs may have a beneficial
influence on the sonographic image of the stomach in case of per oral fluid administration, but
both gastric emptying and peristaltic activity might be depressed by their use.

The gastrointestinal wall showed the typical layered appearance as described in the
literature (Kimmey et al. 1989, Penninck et al. 1989, Wiersema and Wiersema 1993).
Whether or not these layers were visible depended on the luminal content. When
gastrointestinal segments with large amount of intraluminal gas were scanned, only the
gastrointestinal wall towards the transducer could be imaged and the visibility of the layers of
this part of the gastrointestinal wall were also poor. By the positional changes, described in
the “materials and methods”, the negative effect of small amount of gas could be avoided and
the proximal wall was well visualized. In case of mucus or fluid content both the walls
proximal and distal to the transducer could be assessed. The number of visible layers
depended on the frequency of the transducer used. This is explained by the different
resolution of the transducers. The gastric wall layers were better visualized, because
physiologically the stomach wall is thicker than the wall of the rest of the gastrointestinal
tract. The transient increase in the relative thickness of the innermost echogenic layer of the
intestines in some dogs during rapid fluid administration was most probably due to entrapped
microbubbles among the villi of the intestine, as this layer corresponds to the mucosal-luminal

interface (Lim and Jeong 1994).
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In conclusion of our study:

1. I found the reflux examination to be the most promising sonographic contrast

technique for the visualization of the small and large intestines. Because this
technique causes paralysis of the intestines, the peristaltic activity should be

assessed prior to this examination.

I was not able to systematically follow the whole intestinal tract from pylorus
to rectum or vice versa, even when it was completely filled with fluid thus, a
systematic scanning of the entire abdomen is required during
ultrasonography of the gastrointestinal tract. If gas containing
gastrointestinal segments are encountered, their negative effect can be
avoided by positional changes and compression, similarly to non-contrast

sonographic techniques.

The administration of fluid to the stomach has little effect on the image
quality of the intestinal tract. Nevertheless, it is a useful technique for the
examination of the stomach and proximal duodenum. Gas removal and
application of smooth muscle relaxant drugs may improve the effectiveness of

this technique.
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CHAPTER 111

SONOGRAPHIC DIAGNOSIS OF INTESTINAL OBSTRUCTION IN
THE DOG

Partial or complete obstruction of the small intestine of the dog can be caused by
indigestible foreign material, masses of parasites, postoperative adhesions, neoplasm,
granulomas, abscesses, volvulus, intussusception and hernial incarceration. Paralysis of a
segment or the entire small bowel caused by peritonitis, or enteritis, or pancreatitis, or certain
drugs, or following laparotomy may cause signs of intestinal obstruction (Fraser, 1991).
Moreover, intestinal paralysis can also be a result of a prolonged mechanical obstruction.
Intestinal obstruction can be a surgical emergency, thus differentiating surgical cases from
those that can be managed by means of conservative treatment is of primary importance when
evaluating a dog with signs of ileus. The diagnosis is traditionally based on the physical
findings and proven by plain film radiography. If the physical and radiographic findings are
equivocal, repeated films are taken following the administration of a radiographic contrast
material. The sensitivity of the contrast examination (upper gastrointestinal study) is low and
enteroclysis has been proposed as a sensitive tool to diagnose those cases where the previous
radiographic findings are inconclusive (Wolvekamp, 1989). However this latter technique
requires the use of fluoroscopy, which is not readily available in veterinary medicine.

Ultrasonography has been used for many years to diagnose the disorders of various
abdominal parenchymal organs in the dog. The sonographic appearance of the normal canine
gastrointestinal tract and that of some gastrointestinal disorders have been also described
(Penninck et al., 1989 and 1990). Reports on the sonographic appearance of canine intestinal
ileus are limited to that of the gastrointestinal foreign bodies, invagination and paralytic ileus
(Fluckiger and Arnold, 1986; Kantrowitz et al., 1988; Penninck et al., 1990; Watson et al.,
1991; Tidwell and Penninck, 1992; Kramer and Gerwing, 1996). Numerous authors have
described the sonographic findings of small intestinal obstruction in human beings. There are
also sonographic criteria for the diagnosis of this disorder in humans (Ko et al., 1993; Ogata
et al., 1994 and 1996; Truong et al. 1992). The aim of this paper was to establish similar
sonographic criteria, and evaluate their efficacy in the diagnosis of intestinal obstruction of

the dog.
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MATERIALS AND METHODS

Between May 1, 1996 and April 30 1997, all dogs that were presented to the
Department and Clinic of Internal Medicine at the University of Veterinary Science Budapest,
and were determined to have possible small bowel obstruction on the basis of the clinical
examination, were candidates for this study. Patients with the signs of intestinal obstruction
(vomiting, abdominal pain, abnormal abdominal palpatory findings, changes in defecation)
were entered into this study only when a sonographer experienced in the technique of
intestinal imaging was available at the time of the patient evaluation. The dogs underwent
abdominal ultrasonography as part of their routine diagnostic work up using commercially
available ultrasound scanners equipped with 3.2, 5 or 7 MHz sector transducers (Briiel &
Kjaer 1846 and Briiel & Kjaer Panther 2002, Naerum, Denmark). No particular preparation
was given to the dogs other than clipping the hair from the ventral abdomen, and application
of ultrasound gel. The interference by gas echoes from the bowels was avoided by changing
the dogs' position and scanning from different planes as described by Penninck (1989).
Sonographic findings were recorded on VHS videotape during the scanning, and the reports
were stored in a computerized patient data system immediately after the examination. In the
sonographic report particular attention was paid to the presence of intestinal obstruction. The
sonographic diagnosis was established by using previously determined criteria based on the
author’s former experience. These criteria for small intestinal obstruction were: 1.) the
presence of one or more fluid filled small intestinal loop(s) with unsuccessful peristaltic
activity, observed as a pendulous, i.e. "to-and fro" movement of the intestinal ingesta, or 2.)
the presence of invaginated intestinal loops or a foreign body which transmits the ultrasound
beam in the distended bowel, or 3.) distended small intestinal loops with non-uniform
peristaltic activity (both increased and decreased), or 4.) the presence of akinetic intestinal
loops together with free abdominal fluid accumulation in the abdomen. If any of these signs

was present, sonographic diagnosis of intestinal obstruction was made (Fig. 3.1 and 3.2).
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Fig. 3.1 Cross sectional ultrasound
image of invaginated intestinal
loops in a dog. The outer circle
represents the intussuscipiens, the
inner circle the intusseptum,

Fig. 3.2 Ultrasound image of a
dilated fluid filled intestine in
longitudinal and two gas filled
ones in cross section. Pendulous
movement of the ingesta was

between the two the entrapped observed in the fluid filled
mesentery and dilated vessels are intestine during the exami-
also visible. nation. Ultrasound diagnosis

was intestinal obstruction.

The sonographic criteria for paralytic ileus were the observation of fluid filled
intestinal loops with decreased or no peristaltic activity, and without the above mentioned
signs of an obstruction (Fig. 3.3).

When examining a dog with non-distended intestines, or with moderately distended
intestines and uniformly increased peristalsis, we considered the case not having any forms of

ileus.

Fig. 3.3. Dilated fluid filled intestines
in a dog. No peristalsis was visible
during the examination. Ultrasound
diagnosis was paralytic ileus.
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In all dogs where sonographic signs of intestinal obstruction were present, abdominal
surgery was performed. In dogs with paralytic ileus, or without the sonographic signs of ileus,
laparotomy was performed only if other investigations (radiography) indicated long standing
obstruction or perforation. The final diagnosis was established by the result of surgery, post
mortem examination, or the clinical outcome of the case. The sonographic findings were
compared with the final diagnoses in order to determine the sensitivity, specificity, positive

and negative predictive value of the above mentioned criteria (Rijnberg, 1995).
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RESULTS

There were 44 dogs, (23 male, 21 female) with signs of small intestinal obstruction
entered in this study. They ranged in age from 3 months to 15,5 years (mean 4 years old).

Of the 15 dogs underwent abdominal surgery, 13 had the final diagnosis of complete
or incomplete obstruction. Among the other two dogs without obstruction, one had paralytic
ileus, and one had intestinal perforation.

The remaining 29 cases were treated conservatively and the diagnoses were
established by the clinical or post mortem examination results.

The final diagnoses and the ultrasonographic findings of the 44 cases are summarized

in Table 3.1.

Final diagnosis No. of Ultrasound findings
cases
"to and fro" | invaginatio non-uniform paralytic ileus paralytic non-
movement | n or visible peristaltic and free fluid ileus distended
of the foreign activity accumulation in intestines
ingesta body the abdomen
Intestinal obstruction 13 6 2 1 2 1 1
was present
ingested foreign bodies 8 6 1% 1
Invagination 2 2
intestinal adhesion 1 1
intestinal volvulus 1 1
intestinal tumor 1 1
Intestinal obstruction 31 2 - - - 12 17
was not present

enteritis 17 10 7
(incl. Parvoviral enteritis)
pancreatitis-pancreas tumor 4xx 1 3
Obstipation 3 1 2
Inflammation with intestinal 1 1
perforation
disorders of other organs %% 1 5
(e.g. renal insufficiency)
Total number of cases 44 8 2 1 2 13 18

Table 3.1 The final diagnoses and the ultrasound findings of the examined 44 cases.

*: In this case, an ingested foreign body caused intestinal perforation and septic effusion. #*: The structural changes in
the pancreas and other abdominal organs (liver, kidneys) could be readily detected by ultrasonography during the
examination.
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Ultrasound findings

The wall, luminal diameter, luminal content and peristaltic activity of the small intestines
could be evaluated in all 44 dogs. The sonographic findings could be classified in the
following 6 groups.

1) Dilated intestinal loops with pendulous movement of the ingesta were seen in 8
cases (18 %) and these cases were diagnosed sonographically as obstructive ileus. This sign
was observed as "to and fro" movement of the echogenic gas bubbles and food particles in the
dilated intestinal lumen together with the contraction of the intestinal wall. Among the 8
patients, 6 had complete intestinal obstruction. In one of the remaining two dogs, severe
obstipation was diagnosed by radiography and this patient was treated conservatively.
Paralytic ileus was diagnosed in the other cases during the subsequent operation.

2) In two cases (5 %), the typical sonographic signs of invagination were present (i.e.
multi-layered appearance of the bowel, concentric rings sign) and the diagnosis was proven
by laparotomy in both dogs.

3) Dilated intestines with various degree of peristaltic activity (some loops with
increased, while others with decreased peristalsis) were seen in one dog (2 %), which was
diagnosed during laparotomy to be an incomplete ileus caused by an intramural neoplastic
process.

4) Sonographic signs of paralytic ileus together with abdominal fluid accumulation
were found in two dogs (5 %). Surgery revealed intestinal volvulus in one of them, and an
intestinal perforation caused by an ingested foreign body in the other dog.

5) Local or generalized paralytic ileus were found in 13 cases (30 %). Among them,
10 dogs had moderate to severe enteritis, one dog had a pancreatic tumor, one dog had long
standing complete obstruction and one dog had small intestinal perforation caused by a septic
inflammation of the intestinal wall.

6) In 18 cases (41 %) nondistended, or only moderately distended bowels were found
together with normal or slightly increased peristalsis during the ultrasound examination. All
of the dogs but one had either mild enteritis, or pancreatitis, or obstipation, or organic
dysfunction of other abdominal organs and were treated conservatively. The remaining dog

was found to have a chronic intestinal adhesion by laparotomy.
Obstruction was correctly diagnosed by ultrasonography in 11 of the 13 dogs with

mechanical ileus, and was correctly disclosed in 29 of the 31 non-obstructive cases. Thus, the

previously described sonographic criteria had 85 % sensitivity and positive predictive value,
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and 94 % specificity and negative predictive value. The comparison of the final diagnoses and
the ultrasound results, together with the sensitivity, specificity, positive and negative

predictive values of ultrasonography are shown in Table 3.2.

Ultrasound Intestinal Intestinal Sensitivity | Specificity Positive Negative
diagnosis obstruction | obstruction predictive predictive
was present was not value value
present
Obstruction 11 of 13 2 of 31
(TP) (FP)
85 % 94 % 85 % 94 %
No signs of 2 of 13 29 of 31
obstruction (FN) (TN)

Table 3.2 Comparison of the ultrasonographic and the final diagnoses in determination whether intestinal
obstruction was present. The ultrasound diagnosis was based on the observation of the signs that are listed in
Table 3.1.

TP= true positive cases, FP= false positive cases, TN= true negative cases, FN= false negative cases

Sensitivity is calculated as TP/TP+FN, and specificity is calculated as TN/TN+FP.

Positive predictive value is calculated as TP/TP+FP, and negative predictive value is calculated as TN/TN+FN.
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DISCUSSION

Human studies have proven the value of ultrasonography in the diagnosis and
management of different forms of ileus (mechanical and paralytic) in human beings (Truong
et al., 1992; Ko et al., 1993; Ogata et al., 1994 and 1996). The criteria that are used in human
medicine for bowel obstruction are based on the observation of a distended bowel proximal to
a non-distended one, and observation of peristaltic activity in the distended proximal bowels
(Ko et al., 1993; Ogata et al., 1994 and 1996). Human investigators also mention the “to and
fro” movement of the ingesta inside the dilated intestinal loops proximal to the site of the
obstruction (Ogata et al., 1994 and 1996). Recently, duplex Doppler technique has also been
proposed to observe the altered peristaltic movement of the ingesta in the obstructed bowel in
human cases (Gimondo et al., 1995).

Not all of these criteria can be applied to veterinary medicine, because differentiating
between the different small intestinal loops is not possible (Penninck et al., 1989). Among the
sonographic signs of ileus in the dog, paralytic ileus has been described (Penninck et al.,
1990). The description of the sonographic picture of invaginated intestines and foreign bodies
are also known from the veterinary literature (Fluckiger and Arnold, 1986; Kantrowitz et al.,
1988; Watson et al., 1991; Tidwell and Penninck, 1992; Kramer and Gerwing, 1996). In one
article, Tidwell and Penninck (1992) mention other sonographic signs of mechanical ileus that
were seen in dogs with ingested foreign bodies (increased peristaltic activity, ascites,
lymphadenopathy and pancreatitis). However, no study was done to evaluate the value of the
observation of these signs in the diagnosis of mechanical ileus in the dog.

Two veterinary articles have described the sonographic image of gastrointestinal
foreign bodies (Tidwell and Penninck, 1992; Kramer and Gerwing, 1996). During my study I
have not found any ingested foreign body that transmitted the ultrasound beam. They were
also rarely encountered outside this study period. This finding is in accordance with Kramer
and Gerwing (1996), who have seen foreign bodies only in half of their reported cases. The
echogenic reflex (caused by foreign materials that reflect the ultrasound) and the acoustic
shadowing (caused by reflection and/or absorption of the ultrasound beam) were seen in
some of our foreign body ileus cases. According to Tidwell and Penninck (1992), the acoustic
shadowing of a foreign body can be differentiated from the shadowing of intraluminal gas by
the lack of internal echoes inside it. My previous experience, however, did not prove the

reliability of this sign in differentiating foreign bodies from gas accumulation inside the
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bowel lumen, and this fact was also mentioned by Tidwell and Penninck (1992). Thus, I did
not include this sign among the sonographic criteria for diagnosing intestinal obstruction. I
also did not include the measurements of the luminal diameter of the dilated intestinal loops,
because, I believe that these data themselves do not help to differentiate between mechanical

obstruction and paralytic ileus.

In this study I tried to establish and evaluate sonographic criteria for gastrointestinal
obstruction in the dog, by using four different sonographic signs to diagnose intestinal

obstruction.

1.) The first established criterion was the observation of pendulous movement of the
ingesta. This can be explained by the increased peristaltic activity of the obstructed bowel that
tries to move the intraluminal content of the intestine to aboral direction, but the ingesta is
reflected back from the site of the obstruction. I expected this sign to be very sensitive for
foreign body ileus and the results of this study have proven my expectations, (6 of 8 dogs
showed this sign). Long standing obstruction had caused paralysis in two cases, which
explains why it was not possible to find this sign in those dogs. In addition, there where
pendulous movement of the ingesta in two dogs without small bowel obstruction. In one of
them, this movement was seen in only one intestinal loop and may be explained by the severe
obstipation in the colon that could have mimicked the sign of obstruction in the ileum or distal
jejunum. In the other dog, no reason was found for the observation of this sign, as only
paralytic bowels were found during surgery. It is necessary to call the attention here for the
fact, that the pendulous movement of ingesta may be mistaken for the passive flowing
movement of fluid inside a paralytic intestine or colon. This passive "to and fro" flow is
caused by the respiratory movements of the animal, and not by peristaltic activity, therefore
swirling movement of echogenic spots in the ingesta or intestinal wall contractions can not be
observed in those cases. Duplex Doppler ultrasonography may be also useful to differentiate
between the two forms of ingesta movement but it has not been applied to canine patients, yet.

2.) Before this study period, I sometimes encountered dogs, where dilated intestinal
loops with both increased and decreased peristaltic activity could be observed during
ultrasonography. Those dogs suffered from incomplete obstruction. That is why this sign was
included among the criteria. During this study, this sign was observed in one case, and
laparotomy revealed an intestinal tumor causing incomplete obstruction. Intestinal tumors can

be readily detected ultrasonographically as thickening and disruption of the layered
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appearance of the intestinal wall (Penninck et al., 1990). No wall thickening was detected in
this case, which may be explained by the gas accumulation in some of the intestinal loops that
prevented visualization of the affected part of the gastrointestinal tract.

3.) The sonographic appearance of invaginated intestinal loops has been described as
intestine in intestine, hayfork sign, concentric rings sign, multi-layered appearance of the
bowel etc. (Fluckiger and Arnold, 1986; Kantrowitz et al., 1988; Penninck et al., 1990;
Watson et al., 1991). The known high sensitivity of ultrasonography for detecting
invagination has been demonstrated in two dogs during the present study.

4.) Finally, I also included among the criteria the observation of paralytic intestines
together with abdominal fluid accumulation. This criterion was brought from human studies
where it proved to be a sensitive indicator for strangulation (Ogata et al., 1994 and 1996). In
the two dogs where I observed these alterations, one of them had intestinal volvulus, and the
other had an ingested foreign body that caused mechanical obstruction, perforation and septic
effusion.

Similarly to previous human reports, the diagnostic values (sensitivity, specificity,
positive and negative predictive values) of ultrasonography were also high in the present
study. This indicates that ultrasonography may have an important role in the diagnosis of
small intestinal obstruction of the dog. By using the above mentioned criteria it is possible to
reliably diagnose or disclose intestinal obstruction in the majority of the cases. The decision
of the treatment (surgery versus conservative) should be the result of both ultrasonography
and the clinical examination. This approach is of special importance when paralytic ileus is
found during the ultrasound examination, as this condition may be also caused by a long
standing obstruction. Comparison of ultrasonography and plain film radiography would be
important to better evaluate the role of ultrasonography among the other imaging modalities

in the diagnostic process of canine ileus.
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From the result of the present study it can be concluded that:

1. The observation any of the following ultrasonographic signs can be used to

diagnose intestinal obstruction in the dog:

the presence of one or more fluid filled small intestinal loop(s) with unsuccessful
peristaltic activity, observed as a pendulous, i.e. ""to-and fro' movement of the
intestinal ingesta, or

the presence of invaginated intestinal loops or a foreign body which

transmits the ultrasound beam in the distended bowel, or

distended small intestinal loops with non-uniform peristaltic activity (both

increased and decreased), or

the presence of akinetic intestinal loops together with free abdominal fluid

accumulation in the abdomen.

2. Ultrasonography is a valuable diagnostic technique in the diagnosis of canine

intestinal obstruction.

This study has been published as follows:
Manczur, F., Voros, K., Vrabély, T., Wladar, S., Németh, T. and Fenyves, B. (1998): Sonographic diagnosis of
intestinal obstruction in the dog. Acta Vet. Hung. 46, 35-45.
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CHAPTER 1V

COMPARISON OF ULTRASONOGRAPHY AND SURVEY
RADIOGRAPHY IN INTESTINAL OBSTRUCTION OF THE DOG:
A RETROSPECTIVE STUDY OF 45 CASES

Ileus - dilation of the intestines and ceasing of intestinal passage - is a common
gastroenterological disorder in dogs. Intestines can be distended with gas, fluid or both. Ileus
can be mechanical or functional. Mechanical or dynamic ileus is caused by luminal
obstruction, whereas functional or adynamic ileus is due to inhibition of intestinal smooth
muscle tone. Intestinal obstruction can be caused by intraluminal objects, thickening of the
intestinal wall, or extramural compression. Functional ileus can be a result of inflammation
(enteritis, peritonitis or vasculitis), former operation, electrolyte imbalance, spinal trauma,
thrombosis, prolonged mechanical obstruction, or drug administration (Willard 1992). A
special type of functional ileus, called chronic pseudo-obstruction syndrome, has also been
reported. This intestinal motility disorder is caused by damage to intestinal smooth muscle,
degeneration of myenteric plexus, fibrosis of the intestinal wall or occur in the absence of
structural abnormalities (Willard 1992, Lamb and France 1994). Successful management of
different forms of ileus is based on the correct identification of the cause, and the first step in
this process is the exclusion of the possibility of mechanical obstruction. The diagnosis of
intestinal obstruction is based on the history and the result of the physical examination and
then traditionally confirmed by radiography. If survey radiographs are not diagnostic,
repeated films can be taken after administration of a radiographic contrast material. Recently,
ultrasonography has been suggested to be used for the diagnosis of intestinal obstruction both
in humans and in different animal species. The technique of the examination and the
presenting signs have been also described (Meiser and Meissner 1987, Penninck et al. 1990,
Truong et al. 1992, Ko et al. 1993, Ogata et al. 1994 and 1996, Braun et al. 1995, Czechowski
1996, Klohnen et al. 1996, Manczur et al. 1998). The aim of this paper was to compare the
diagnostic value of ultrasonography with that of routine plain film radiography in the

diagnosis of intestinal obstruction of the dog.
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MATERIALS AND METHODS

Since 1995, ultrasonography has been routinely used at our institution in the diagnostic
workup of gastroenterological disorders of dogs. Data of dogs presented at our clinic between
1 May 1996 and 30 April 1998 and determined to have possible small bowel obstruction on
the basis of the clinical examination were analyzed. Those patients that underwent both plain
film abdominal radiography and abdominal ultrasonography within 24 hours were selected for
this retrospective study. To minimize the error that may be caused by personnel subjectivity
only dogs that were examined by the same sonographer (FM) during the initial examination
were included. For the same reason, radiographs were re-evaluated by the same radiologist
(BF). Examinations were performed on conscious dogs without any particular preparation,
however hair was clipped from, and coupling gel was applied onto the ventral abdomen
before ultrasonography. Abdominal ultrasonography was performed using ultrasound
scanners equipped with a 3.5 MHz, a 5 MHz and a 7 MHz convex mechanical transducers
and a 3.5-5 MHz multifrequency electronic convex transducer (Briiel & Kjaer 1846 and Briiel
& Kjaer Panther 2002, Naerum, Denmark). The dogs were held in left lateral, dorsal and
oblique (between left lateral and dorsal) recumbency during ultrasonography. Scanning from
dependent side of the abdomen and slight increase of pressure with the transducer were often
applied to avoid the disturbing effects of intraluminal gas and to displace superficial gas
containing intestinal loops. Radiography was performed using conventional radiographic
equipment (United States, Eureka) and film intensifying screen. The dogs were held in lateral
recumbency. Films were developed by automatic developing equipment (Protec 35, Compact,
Germany). Radiography was considered to be positive if grossly and unevenly dilated
intestinal loops or a radiopaque foreign material inside the intestinal lumen was seen on the
films (Fig. 4.1). In the absence of intestinal dilatation or when evenly dilated intestinal tract
was seen, radiography was stated to be non-confirmatory to diagnose intestinal obstruction
(negative finding). Following the subjective assessment of the radiographs, the fifth lumbar
vertebral body height (L5) and the largest small intestinal diameter (SI) were also measured.
A SI/LS ratio larger than 1.6 was considered to be indicative of intestinal obstruction (Graham

et al. 1998).
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The ultrasonographic diagnosis of intestinal obstruction was based on formerly established
and published criteria (Manczur et al. 1998). These criteria included the observation any of

the following features:

1. pendulous (“to and fro””) movement of ingesta inside one or more intestinal segments
caused by active peristaltic contractions (Fig.4.2),

2. invaginated intestinal loops or an ingested foreign body that transmits the ultrasound,

3. simultaneous observation of intestinal segments with both decreased and increased
peristalsis,

4. paralytic intestines and free fluid accumulation in the abdominal cavity.

Fig.4.1 Lateral abdominal radiograph
of a dog with mechanical ileus. The
visible radiographic changes
(markedly dilated intestinal loops,
radiopaque foreign body) are typical
radiographic features of intestinal
obstruction.
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Fig.4.2 Sagittal  ultra-
sonographic image of dilated
intestinal loops together with a
collapsed bowel (white arrow).
Increased peristaltic
contractions of the dilated
intestines and  pendulous
movement of the intraluminal
ingesta were seen during
ultrasonography. This
ultrasonographic changes are
generally  associated ~ with
intestinal obstruction.

il gunguaszat

Fig.4.3 Ultrasonographic image
of dilated, fluid filled intestines.
No peristalsis were observed
during the examination. These
ultrasonographic findings are
suggestive of paralytic ileus.

In the absence of intestinal dilatation or when paralytic intestinal tract (without fluid in
the abdomen) was observed only, ultrasonographic findings were considered to be negative
(Fig. 4.3). Final diagnosis was determined on the basis of the result of surgery, post mortem
examination or the clinical outcome of the case. Dogs with gastric foreign bodies or with
intestinal perforation without evidence of gastric outflow or intestinal obstruction were not
considered as mechanical ileus cases.

The results of ultrasonography and radiography were compared with the final
diagnosis to compare the diagnostic values of the two imaging methods. Sensitivity was
calculated as true positive cases per true positive- plus false negative cases, and specificity
was calculated as true negative cases per true negative- plus false positive cases. Positive
predictive value was calculated as true positive cases per true positive and false positive cases,
and negative predictive value was calculated as true negative cases per true negative and false

negative cases (Rijnberk 1995).
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RESULTS

The results of 46 ultrasonographic and 45 radiographic examinations of 45 dogs were
compa