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Abstract

Objectives A previously unreported, asymmetrically positioned hypoechoic extra layer (APHEL) in the submucosa
of the feline distal jejunum and ileum has been recognised using high-frequency ultrasound. The objectives of this
study were to characterise the APHEL histologically, and to describe the prevalence and ultrasonographic features
of the APHEL in a population of clinically healthy young cats.

Methods In an anatomical study, two cats were autopsied and histopathology of the small intestine was performed.
An APHEL was detected with ultrasound in the distal jejunum and ileum ante-mortem in the first cat and post
mortem in the second cat. Samples for histopathology were obtained from these areas. In the second, prospective
part of the study, to document the presence or absence of an APHEL, high-frequency (18 MHZz) ultrasound was
performed of the intestinal tract in 20 other cats. These cats were client-owned cats aged 6-18 months presented
for neutering. The cats were included in the study based on a normal clinical examination, lack of previous or
concurrent signs of disease, and having no abnormalities detected at abdominal ultrasound.

Results Histopathology from the distal jejunum and ileum in the two cats in the anatomical part of the study showed
that the APHEL represented asymmetrically positioned normal lymphatic tissue (Peyer's patches) in the lamina
propria and submucosa. In the second part of the study, an APHEL was identified in the submucosa of the distal
part of the jejunum and ileum in all 20 cats. Additionally, a similar layer could also be seen further proximally in the
jejunum in 10 (50%) of the cats. The thickness of the APHEL was 1.0 mm in both jejunum and ileum.

Conclusions and relevance Presumed normal lymphatic tissue in the small intestinal submucosa can be seen with
high-frequency ultrasound and is a common finding in young cats.

Accepted: 19 March 2015

Introduction

During abdominal ultrasound examinations of feline
patients at our animal hospital, an asymmetrically posi-
tioned hypoechoic extra layer (APHEL) has frequently
been observed within the submucosa of the ileum and
jejunum. This has been seen using a high-frequency (18
MHz), broad-bandwidth ultrasound probe. APHELs
have been seen in cats of different breeds and ages but
subjectively more often in young cats. An APHEL has
been noted in cats with varying clinical signs, and in sev-
eral cats with signs not related to the gastrointestinal
tract. Our assumption has therefore been that this likely
represents normal lymphatic tissue.

The ultrasonographical appearance of the normal
feline small intestine has been described, as well as a
good correlation between the ultrasonographical and
histological appearance of the layers.!> However, a layer

resembling an APHEL, described in this study, has, to
our knowledge, not previously been described in the
feline ultrasonographical literature. It has been revealed
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that hyperplastic Peyer’s patches are detectable with
ultrasound of the canine intestine ex vivo; however,
there is no information about the equipment used and
no images have been published.*

The normal distribution of Peyer’s patches in the
feline intestinal wall is described as 4—6 areas of aggre-
gated lymphoid nodules in the jejunum, measuring 4-30
mm in length. An additional elongated patch is also
described in the distal part of the small intestine, close to
the ileocaecocolic junction, and this area measures up to
10 cm in length. All Peyer’s patches are described as
antimesenteric.® Previous anatomical and histopatho-
logical studies have not been able to define a clear transi-
tion between the jejunum and ileum. The length of the
ileocaecal fold has been suggested as an anatomical
landmark, as well as the end of the antimesenteric ileal
branches of the caecal artery. In dogs, the antimesenteric
ileal branches of the caecal artery can be traced further
proximally along the intestinal wall than the ileocaecal
fold and therefore these anatomical landmarks are unre-
liable for defining the transition between jejunum and
ileum.”

The study consisted of two parts. The first part was an
anatomical study with the aim of histopathologically
characterising the APHEL in the submucosa of the distal
jejunum and ileum, and to correlate the histopathology
with the ultrasonographical appearance. The aim of the
second part of the study, a prospective clinical study,
was to describe the prevalence and ultrasonographical
features of the APHEL in a sample of clinically healthy
young cats.

Materials and methods

All ultrasound examinations in the study were per-
formed with the same 6.7-18.0 MHz linear transducer
(L8-18i, GE Medical LOGIQ E9 Ultrasound Imaging
System).

Anatomical study

Circumferential, full-thickness specimens from the distal
part of the small intestine were obtained from two cats.
In these cats an APHEL within the submucosa of the dis-
tal jejunum and ileum had been identified with high-
frequency (18 MHz) linear ultrasound.

The first cat was a 6-month-old male castrated domes-
tic shorthair cat that was euthanased owing to neuro-
logical signs. The reason for the clinical signs could not
be established at post-mortem examination. The cat had
a complete abdominal ultrasound performed the day
before euthanasia and an APHEL was identified in the
distal jejunum and ileum. The cat also showed slight
generalised lymphadenopathy with normal echogenic-
ity and a mildly hyperechoic liver. Histological speci-
mens were taken from the part of the small intestine
where the APHEL had been seen by ultrasound, 1, 3 and

5 om proximal to the ileocaecocolic junction.
Histopathology from abdominal lymph nodes showed
reactive hyperplasia. Histopathology from the liver was
not obtained.

The second cat was a 3-year-old male castrated
Siberian cat that died at home from acute respiratory dis-
tress. A post-mortem examination was performed the
day after death and the histological diagnosis was a
chronic interstitial pneumonia in all lung lobes. At the
post-mortem examination, the distal 10 cm of the small
intestine and the ileocaecocolic junction were collected
and placed in a water bath for subsequent ultrasono-
graphical examination. An APHEL was detected in the
submucosa of the distal jejunum and ileum. Two differ-
ently coloured needles were placed within the small
intestinal wall at positions where the APHEL could be
seen, and circumferential, full-thickness samples from
these sites were obtained for histopathology.

All tissue samples from both cats were fixed in 10%
neutral buffered formalin and embedded in paraffin.
Sections (4 nm) were cut and stained with haematoxylin
and eosin.

Prospective clinical study

In the second, prospective, part of the study, to docu-
ment the presence or absence of an APHEL in the small
intestine, ultrasonographical examinations of the gastro-
intestinal tract were performed in clinically healthy cats.
All cats were intact male domestic shorthair cats that
were brought to the small animal clinic for routine neu-
tering. Informed owner consent was obtained for all
cats. Owners were questioned about their cat’s clinical
history, and cats with a current or previous history of
gastrointestinal disease were excluded. The cats under-
went a thorough clinical examination; however, blood or
fecal samples could not be collected. All cats were fasted
for a minimum of 12 h prior to the ultrasonographical
examination. Cats received routine premedication with
medetomidine 0.08 mg/kg, buprenorphine 0.009 mg/kg
and meloxicam 0.2 mg/kg, according to the hospital’s
anaesthetic protocol for the neutering of male cats.
Fifteen to 20 mins after premedication, the hair of the
ventral abdomen was clipped and acoustic coupling gel
applied. Ultrasound was performed with the cats in dor-
sal recumbency. The probe frequency was set at 18 MHz,
maximum depth at 3 cm with one focal zone. Other set-
tings were adjusted for optimal image quality. The entire
gastrointestinal tract was scanned from the stomach to
the colon, and the associated lymph nodes were evalu-
ated for being normal or abnormal.!® The liver, spleen,
kidneys, gall bladder, urinary bladder and pancreas
were also scanned. Cats with any pathology detected at
ultrasound were excluded. All ultrasonographical exam-
inations were performed by one of the authors (TN). The
scan time was between 10 and 15 mins per cat.
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Figure 1 (a) An asymmetrically positioned hypoechoic extra layer (APHEL) is present within the submucosa of the intestinal
circumference to the right, deep side in the ultrasound image (white arrows). (b) Histological specimen of the same area in the
same cat as the ultrasonographical image in (a). Note the lymphatic tissue formed as separated aggregates in the intestinal
submucosa to the right in the image (black arrows). Haematoxylin and eosin (no magnification)

During the ultrasonographical examination it was
decided if the cat had an APHEL in the small intestinal
submucosa or not. If an APHEL was present, the location
within the small intestine was estimated. For the pur-
pose of this study, the APHEL was classified as present
in the ileum if any part of it could be seen within the
same image as the ileocaecocolic junction. The footprint
of the probe was 2.5 cm. Consequently, the APHEL was
classified as located within the jejunum if it could not be
seen within the same image as the ileocaecocolic junc-
tion. To document that the APHEL was present, at least
three cross-sectional images and one longitudinal image
were saved at each part of the intestine. The images were
stored in a picture archive and communication system
(PACS, GE Centricity RA 600 v 8.0; General Electric
Medical Systems) using the DICOM file format and
reviewed at a dedicated workstation.

The distance from the most distal margin of the APHEL
to the ileocaecocolic junction was measured, as well as the
length of the APHEL. If the APHEL in longitudinal was
longer than the footprint of the probe, or if the intestinal
segment had a curved position within the abdomen, an
approximation of its length was made. In cross-section
images, the thickness of the APHEL, the total thickness of
the wall containing the APHEL and the total thickness of
the wall on the opposite side of the intestinal segment, not
containing the APHEL, were measured. All measure-
ments were obtained in three different images of each seg-
ment of the small intestine containing the APHEL. An
attempt was made to distinguish the mesenteric from the
antimesenteric side of the intestinal segment containing
the APHEL. Mean and SDs were calculated from the

measurements. The two cats in the anatomical part of the
study were not included in the statistical analysis.

Results

The histopathology of the two cats in the anatomical
study confirmed that the APHEL represented aggregates
of multiple lymphoid nodules in the lamina propria and
submucosa of the distal jejunum and ileum (Figure 1).
This is a normal histological appearance of the feline dis-
tal small intestine, also known as Peyer’s patches.!12
When the intestinal segments were collected for histopa-
thology, the mesentery and the ileocaecal fold were
removed and it was therefore not possible to identify the
mesenteric vs antimesenteric side of the intestine. The
small intestine in these cats showed no pathology.

The owners of 23 cats gave consent to participate in the
prospective part of the study. Two of the cats were
excluded owing to previous gastrointestinal disease.
Twenty-one clinically healthy cats had an ultrasono-
graphical examination of the abdomen. One of these cats
showed severe hydronephrosis and was therefore
excluded. Twenty intact male domestic shorthair cats
aged 6-18 months met the inclusion criteria. An APHEL
could be seen in the submucosa of the ileum in all 20 cats.
It was not possible, using ultrasound, to identify the exact
transition between the distal jejunum and ileum; how-
ever, the intestinal segment containing the APHEL could
be seen over a distance that should include not only the
ileum, but also the distal jejunum in most of the cats. Ten
(50%) cats had an additional intestinal segment with an
APHEL in a more proximal part of the jejunum. An
APHEL could not be seen in the duodenum or in the colon
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Figure 2 Cross-sectional ultrasonographical images of the small intestine in three different young, clinically healthy cats with
the asymmetrically positioned hypoechoic extra layer (APHEL) occupying a varying degree of the intestinal circumference.

(a) APHEL in the deepest part of the intestinal circumference. This APHEL occupies a quarter of the intestinal circumference

in cross section (white arrows). (b) Intestinal segment containing an APHEL in the most superficial part of the intestinal
circumference (white arrows). The APHEL in this cat follows one-third of the intestinal circumference. (c) This cat has an APHEL
in the most superficial part of the small intestine that follows almost half of the intestinal circumference. In this image it is

possible to see some of the separate follicles (white arrows)

in any of the cats. The mean * SD length of the intestinal
segment containing the APHEL in the more proximal part
of the jejunum was 1.5 = 0.7 cm. In the ileum the mean
length of the APHEL was 4.8 cm (range 1.8 to approxi-
mately 7 cm). In all cats the APHEL had a similar, hypo-
echoic crescent-formed shape; however, some variation
was noted. In most of the cats, the APHEL was seen in the
wall of approximately half the intestinal circumference;
however, in some cats it was seen in a smaller part of the
intestinal wall in cross section (Figure 2). In some areas,
parts of the APHEL could be seen as separate, rounded,
hypoechoic structures next to each other, resulting in a
lobulated pattern (Figure 2c) resembling the separate
aggregates within the submucosa seen in the histological
specimen (Figure 1). However, the most common appear-
ance was a homogeneous hypoechoic layer (Figure 2).
The border between the APHEL and the mucosa was a
thin, hyperechoic line. In the longitudinal plane, the
APHEL was most often seen tapering off in both proximal

and distal ends, but in some cats, the distal margin of the
APHEL in the ileum ended abruptly, creating a step for-
mation in the outer contour of the intestinal segment. The
mean * SD distance between the distal margin of the
APHEL and the ileocaecocolic junction was 1.2 = 0.5 cm
(Figure 3).

The mean = SD thickness of the APHEL, the total
thickness of the wall, including the APHEL, and the total
thickness of the wall on the opposite side of the APHEL
in the ileum was 1.0 mm * 0.3 mm, 2.8 + 0.5 mm and 1.8
+ 0.3 mm, respectively. The corresponding measure-
ments in the jejunum were 1.0 = 0.1 mm, 2.9 = 0.3 mm
and 2.0 £ 0.4 mm, respectively. Ultrasonographically, it
was not possible to distinguish whether the APHEL was
mesenteric or antimesenteric, as the mesenteric artery
and the opposite antimesenteric site of the ileocolic
artery were small and similar in appearance. It was not
possible to detect with ultrasound the vessels at either
side of the intestine in all cats. All scanned lymph nodes
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Figure 3 Longitudinal ultrasonographical image of the ileum and ileocolic junction in a clinically healthy, young cat. An
asymmetrically positioned hypoechoic extra layer (APHEL) is present in the deepest part of the intestinal wall, in the ileum
(white arrows). The ileocolic junction is to the left in the image (arrowheads). The dashed double arrow shows the distance
between the ileocolic junction and the most distal margin of the APHEL

were normal in agreement with previously published
data.10

Three of the 20 healthy cats included in the present
study had smooth, tubular, hyperechoic, non-shadow-
ing structures representing roundworms within one or
two areas of the small intestinal lumen.

Discussion
This report describes the ultrasonographical appearance
of presumed lymphoid tissue in the small intestinal wall
in 20 young, clinically healthy cats. The lack of histo-
pathological, biochemical and faecal analyses of these 20
cats is a limitation of the study design; however, these
samples were not possible to obtain. As the cats were
presumed healthy, ethical approval did not allow us to
obtain samples unnecessary for the treatment of the cats.
Feline leukaemia virus (FeLV) and feline immunodefi-
ciency virus (FIV) are infections that could possibly affect
the appearance of the lymphoid tissue. However, these
are notifiable diseases in Sweden and reported annually
to the Swedish Board of Agriculture. In 2013, a total of 21
FIV and 13 FeLV cases were reported, and none of these
were in the county of the study population.!® FIV or FeLV
infection in the 20 cats of the present study cannot be
excluded, but it seems unlikely that all 20 clinically
healthy-appearing cats would have been infected.
Another limitation is that the cats in the anatomical
study were diseased and one of them (the first cat)
showed ultrasonographical changes within abdominal
lymph nodes and liver. The liver was not examined his-
topathologically; however, lymph nodes showed reac-
tive hyperplasia. These changes could be signs of a more
generalised lymphatic stimulation or pathology.
However, the ultrasonographical appearance of the
APHEL in these cats was similar to the APHEL seen in
all cats in the second part of the study. It is unlikely that
all 22 cats in this study had a generalised pathological

lymphatic stimulation that affected the intestinal lym-
phatic tissue. Furthermore, histopathology from the
areas where the APHEL was seen with ultrasound in the
two cats of the anatomical study showed no abnormali-
ties, and therefore we presume that the APHEL repre-
sents multiple normal lymphoid nodules — Peyer’s
patches. The size and shape of the APHEL detected in
the 20 cats in the clinical, prospective part of the study
corresponds to what has been published about the nor-
mal anatomical distribution and size of Peyer’s patches
in cats, despite the fact that fewer areas were detected in
the jejunum than previously reported in anatomical
studies.®

The second cat in the anatomical part of the study was
examined with ultrasound post mortem with the intesti-
nal segment placed in water. This was done so that we
were able to mark the APHEL in the intestinal wall and
to ensure that the samples for histopathology were
obtained at the correct locations. The higher intracellular
concentration of electrolytes causes water to diffuse ini-
tially into the intestinal cells, which induces swelling.
This could potentially affect measurements done at this
intestinal segment but should not affect detection of the
APHEL. The examination procedure also prolongs the
time before the intestinal segment was fixated in forma-
lin, which increases the post mortem changes of the
intestine. Despite this, the histopathological specimens
from the second cat were diagnostic.

Three of the 20 healthy cats in the present study had
adult roundworms within the small intestine, seen on
ultrasonography. As roundworm infection is common in
young cats, it is possible that even more of the 20 healthy
cats were infected. This is a study limitation. However,
studies have not showed any histopathological changes
within the small intestines of cats infected with round-
worms.!* Therefore, it was not believed to affect the
appearance of the small intestine of the cats significantly
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in the present study, and the three cats with roundworms
were therefore included.

Some variation in the shape of the APHEL was noted.
It was most often seen as a homogeneous hypoechoic
layer; however, in some of the cats, parts of the APHEL
showed separate hypoechoic rounded structures next to
each other, which is presumed to represent the individ-
ual lymphoid follicles. This difference in appearance is
most likely due to the tissue arrangement and the differ-
ence in probe angle. When the ultrasound beam is tan-
gential to the borders of the nodules no echo is produced,
in contrast to when the beam is perpendicular to the bor-
der (Figure 2). The border between the APHEL and the
mucosa was a thin, hyperechoic line that likely repre-
sents an interphase echo. The width and length of the
APHEL varied between cats; however, all cats in the
study had an APHEL in the submucosa within the most
distal 2 cm of the ileum.

This study shows that it is possible to identify an APHEL
in the distal part of the small intestine with high-frequency
ultrasound and that it is a common finding in clinically
healthy young cats. High frequency improves axial resolu-
tion of the ultrasound beam as a result of shorter wave-
length. At 18 MHz and with a two-cycle pulse, the axial
resolution is 0.09 mm, which facilitates detection and dis-
tinction of these 1 mm structures and their borders. In com-
parison, at 8 MHz ultrasound with the same short two-cycle
pulse, the axial resolution is 0.19 mm. The resolution is also
improved by using broad-bandwidth transducers and spa-
tial compound imaging.!>16

All cats in the second, prospective part of the study
were under 18 months of age, 19/20 cats were younger
than 12 months old. It has been described that lymphatic
organs such as the thymus and lymph nodes are more
prominent in younger animals, and this could also be the
case for lymphatic tissue within the intestinal submu-
cosa.l”20 This study did not evaluate possible change in
the APHEL over time. It is our experience that the
APHEL can be seen with ultrasound in cats of different
ages but subjectively less frequently in older cats. It
seems to be a common and normal finding in the young
cat but the clinical significance of the layer present in
older cats needs further investigation.

Conclusions

This study shows that presumed lymphatic tissue,
Peyer’s patches, within the submucosa of the feline jeju-
num and ileum can be seen with high-frequency ultra-
sound. The layer of lymphatic tissue is asymmetrically
positioned in the intestinal circumference and therefore
affects the symmetry of the intestinal segment. This
should not be mistaken for pathology in the small intes-
tinal wall.
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