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Abstract

Background: Diagnosis of infiltrative small intestinal (Sl) disease in cats is challenging,
and debate continues regarding optimal biopsy techniques. Ultrasonography may
facilitate selection of biopsy type and location.

Hypothesis/Objectives: Assess ability of ultrasonography to predict histologic lesions
by Sl segment and tissue layer.

Animals: One-hundred sixty-nine cats that had abdominal ultrasonography and full-
thickness Sl biopsies performed.

Methods: Ultrasonographic images and full-thickness biopsy samples were retrospectively
reviewed, and each Sl wall layer evaluated for lesions according to published standards.
Results: Ultrasonographic Sl lesions were present in 132 cats (63 duodenum;
115 jejunum; 71 ileum). Samples were obtained at laparotomy (60) or necropsy (109).
Ultrasonographic abnormalities had high positive predictive value (PPV) for histologic
lesions (duodenum, 82.0%; 95% confidence interval [Cl], 68.6-91.4; jejunum, 91.0%;
95% Cl, 81.5-96.6; ileum, 88.1%; 95% Cl, 74.4-96.0), but poor negative predictive
value (duodenum, 27.1%; 95% Cl, 17.2-39.1; jejunum, 27.3%; 95% Cl, 10.7-50.2;
ileum, 40.4%; 95% Cl, 26.4-55.7). The ability of ultrasonography to predict histologic
lesions in this population, which had high disease prevalence (S| histologic lesions in
78.1% of cats) was high for mucosal lesions (PPV, 72.7%-100%) but low for submu-
cosal or muscularis lesions (PPV, 18.9%-57.1%).

Conclusions and Clinical Importance: In a population with high disease prevalence,
most cats with SI mucosal ultrasonographic lesions will have mucosal histologic
lesions. Small intestinal submucosal and muscularis ultrasonographic lesions are not
predictive of histologic disease in those layers, suggesting that full-thickness biopsy
may not be essential in these cats. Ultrasonography may help guide decisions about

biopsy type in individual cats.
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1 | INTRODUCTION

Infiltrative small intestinal (SI) disease in cats poses a diagnostic
challenge for clinicians. Specifically, differentiating between inflamma-
tory bowel disease (IBD) and small-cell lymphosarcoma/alimentary lym-
phoma (SC-LSA) can be difficult. These 2 Sl diseases can be identical in
history, presentation, physical examination findings, clinicopathologic
changes, and ultrasonographic findings.)™” Small intestinal histopathol-
ogy is the gold standard for diagnosing and differentiating these 2
disease entities. Because treatment and prognosis vary, differentiating
between these 2 diseases is crucial.>® However, the diagnostic gold
standard still carries with it 2 inherent problems: how best to obtain
biopsy specimens (endoscopic versus full thickness) and consistency in
histologic interpretation of the biopsy specimens.®?

A debate has emerged within the field of veterinary gastroenter-
ology in recent years over how to obtain diagnostic biopsy speci-
mens from the feline Sl, by endoscopy or full thickness surgical
biopsy. Many recent studies have brought the diagnostic utility of
endoscopic biopsy into question and shown high variation among
histologic diagnoses in different segments of S1.2>71%713 The previ-
ous studies, however, have failed to consider the biopsy collection
methodology used for each individual case. It has been stated that
ultrasonography of the abdomen should be performed before endos-
copy to make sure the lesion of interest is not out of reach, such as
mid-jejunum, but the utility of ultrasonography to predict the pres-
ence and location of histologic lesions has not been thoroughly
evaluated.*

The diagnostic utility of ultrasonography has been assessed in studies
comparing ultrasonographic lesions to a specific diagnosis in dogs.'>*¢
Other studies have found that ultrasonography of the Sl in cats accu-
rately assesses the 4 layers of the Sl, and normal values for overall thick-
ness and individual layer thickness have been reported.**’~* Some
specific ultrasonographic lesions of the Sl correlate with specific histo-
logic changes. For example, smooth muscle thickening on ultraso-
nography correlates with smooth muscle hypertrophy, and striations
of the mucosa on ultrasonography correlate with histologic lacteal
dilatation.?®?? Ultrasonography also can assess functional versus
mechanical ileus, and the hemodynamics of the gastrointestinal
tract.?2 However, specific ultrasonographic lesions differentiating
among different forms of infiltrative Sl diseases in cats have proven
more controversial. The ultrasonographic findings of SI muscularis
thickening and lymphadenopathy in cats were correlated with SC-LSA
in 1 study.* However, SI muscularis thickening has been reported in
cats with eosinophilic enteritis, IBD, and SC-LSA and in cats without
clinical evidence of gastrointestinal disease in other studies.?1723

The purpose of our study was to assess the ability of ultrasound
examination to predict the presence and location of histologic lesions
by segment and tissue layer of the Sl. Ultimately, if ultrasonography
does have diagnostic utility in the localization of disease, the clinician
can use this information to choose the best biopsy method for each
individual patient and increase the diagnostic yield of the biopsy

specimens.
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2 | MATERIALS AND METHODS
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Veterinary records of the Matthew J. Ryan Veterinary Hospital of the
University of Pennsylvania from 2007 to 2013 were searched to
select cats that had an abdominal ultrasonographic examination per-
formed and full-thickness Sl biopsy, necropsy, or both performed
within 33 days after the initial ultrasonographic examination. Data col-
lected included signalment, weight, clinical signs, and physical exami-
nation findings. For clinical signs, gastrointestinal signs were defined
as 1 of any of the following: vomiting, diarrhea, anorexia, or weight
loss. Clinical signs were classified as chronic if their duration was lon-
ger than 3 weeks. If clinical signs were present for <3 weeks, they
were classified as acute signs.

A single board-certified radiologist (J.A. Reetz) blinded to the final
diagnosis reviewed all the available ultrasonographic images of the S|
tract, which included primarily still images with occasional short cine
loops. By utilizing measurement calipers on digital imaging and com-
munications in medicine viewing software (Philips iSite Radiology
3.5.0; Royal Philips Electronics, Amsterdam, The Netherlands), mea-
surements of total intestinal wall thickness (mucosal interface through
serosa) and each individual layer were performed (mucosa, submu-
cosa, muscularis, serosa) of the duodenum, jejunum, and ileum, when
images were available. Measurements were performed on longitudi-
nal images except for the ileum, where measurements were per-
formed on transverse images whenever possible as described in a
prior study.® For the jejunum, a muscularis: submucosa ratio also
was recorded. If intestinal wall layering was absent, only the total
wall thickness was recorded. From these measurements, total wall
and individual layer thickness and jejunal muscularis:submucosa
ratio were listed as normal or abnormal, using previous references as
a guide.**”~1? Thickness was considered increased if total wall thick-
ness was >2.5 mm for the duodenum and jejunum, and >3.2 mm for
the ileum; mucosa was >1.5 mm for the duodenum and jejunum, and
>0.6 mm for the ileum; submucosa was >0.4 mm for the duodenum
and jejunum, and >2 mm for the ileum; muscularis was >0.3 mm for
the duodenum, >0.4 mm for the jejunum, and >0.9 mm for the ileum;
and jejunal muscularis:submucosa ratio was >1. Finally, intestinal
mural alteration aside from thickening, such as visualization of a
hyperechoic mucosal band, was recorded. See Figure 1 for a demon-
stration of wall layer measurement and common ultrasonographic
lesions. If no images of a particular segment were available, the ultra-
sound examination reports were reviewed for comments regarding
the Sl (ie, if they were described as normal or abnormal), but because
no measurements could be retrospectively obtained, these segments
were not included in statistical analysis.

All histologic samples were assessed by a single anatomic pathology
resident (A. Walsh) with direct supervision by a board-certified ana-
tomic pathologist (A.C. Durham), both blinded to the ultrasound exam-
ination findings. Histologic samples were graded and documented
based exclusively on WSAVA International Gastrointestinal Standardi-
zation Group histopathology standards.” For each of the aforemen-

tioned intestinal samples evaluated, anatomical regions (eg, mucosa,
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submucosa, muscularis, and serosa) were evaluated and categorized
based on the extent of villous stunting, villous epithelial injury, crypt
distention, lacteal dilatation, mucosal fibrosis, intraepithelial inflamma-
tion, and mucosal inflammation (eg, lymphocytic, plasmacytic, histio-
cytic, eosinophilic, and neutrophilic). Each of the categories was
scored as normal, mild, moderate, or marked, based on the WSAVA
histopathology standards.” Additionally, 3 measurements of thickness
were taken using microscopic camera software (Olympus cellSens)
and averaged for each sample (eg, full wall thickness, mucosa, submu-
cosa, muscularis, and serosa), where applicable. Muscularis : submu-
cosa ratio was calculated for each sample obtained, where applicable.
For statistical analysis, an ultrasonographic lesion was defined as
the presence of 21 of the following: increased thickness, abnormal
muscularis : submucosa ratio, altered echogenicity (hyperechoic or
hypoechoic), loss of layers, hyperechoic mucosal bands, masses, foreign
bodies, or intussusceptions. A histologic lesion was defined as the
presence of 21 of the lesions defined by the WSAVA histopathology
standards, as discussed above. Descriptive statistics were calculated.
Continuous variables were described using means and SDs, unless
not normally distributed, in which case median values and ranges
are reported. Categorical variables were presented as frequencies.
Sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV), were calculated using standard equations.

3 | RESULTS

A total of 169 cats met the inclusion criteria. The median time from
ultrasound examination to biopsy or necropsy was 1 day (range,
0-33 days). The median age of cats was 9 years (range, 0.5-21 years).
There were 92 males and 77 females in the study. Of the 92 males,

6 were intact, and of the 77 females, 5 were intact. There were

FIGURE 1 Ultrasonographic images of
the jejunum of 3 different cats,
demonstrating measurement of individual
wall layers (1 = mucosa, 2 = submucosa,

3 = muscularis). A, Lymphocytic-
plasmacytic enteritis on necropsy but
normal wall thickness and layering
differentiation. B, Mucosal fibrosis and
smooth muscle hypertrophy with
thickening of the muscularis layer (1 mm);
mucosal (0.7 mm) and submucosal (0.4 mm)
layer thickness is normal but a hyperechoic
mucosal band is present (white arrow).

C, Small-cell lymphoma on intestinal biopsy
with thickening of the submucosa (1 mm)
and muscularis (0.7 mm) layers; mucosal
thickness (1.4 mm) is normal but a
hyperechoic mucosal band is present
(white arrow)

20 purebred cats and 149 domestic short, medium, or long-haired
cats. Mean body weight was 4.5 + 1.52 kg. Seventy-two cats (42.7%)
were considered underweight, 39 cats (23.3%) were normal weight,
and 58 cats (34%) were overweight based on reported body condition
scores. Clinical signs included anorexia in 102 of 168 cats (60.7%),
vomiting in 83 of 167 cats (50%), weight loss in 58 of 166 cats (35%),
and diarrhea in 29 of 167 cats (17.4%). Overall, 121 of 167 cats
(72.5%) had at least 1 clinical sign potentially attributable to gastroin-
testinal disease. Clinical signs were chronic (>3 weeks' duration) in
77 of 164 (47%) cats. Median duration of clinical signs was 14 days
(range, 1 to >365). Physical examination findings included abdominal
pain in 40 of 162 cats (24.7%), palpable abdominal mass in 23 of
162 cats (14.2%), and palpably thickened Sl in 22 of 162 cats (13.6%).

Ultrasonographic Sl lesions were present in 132 cats in the duode-
num (63), jejunum (115), or ileum (71, Table 1). Biopsy specimens were
obtained via laparotomy (60) or necropsy (109). The type and number

of ultrasonographic lesions are summarized in Table 1. Diagnoses in

TABLE 1 Types of ultrasonographic lesions by small intestinal
segment

Duodenum Jejunum lleum
Muscularis thickness 42 96 61
Submucosa thickness 14 24 9
Mucosa thickness 11 15 19
Loss of layers 13 22 8
Mucosa hyperechoic 9 23 8
Mucosal bands 3] 23 1
Mass 3 10 2
Foreign body 1 7 1
Intussusception 0 1 2
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TABLE 2 Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of ultrasonographic lesions in various
segments, layers, or both of the small intestinal wall to predict the presence of a histopathologic lesion in the same segment, layer, or both

S| segment and wall layer Prevalence (95% Cl) Sensitivity (95% Cl) Specificity (95%Cl) PPV (95% Cl) NPV (95% Cl)

Duodenum

Any layer (n = 120)
Mucosa (n = 114)

Submucosa (n = 115)
Muscularis (n = 116)

Jejunum

Any layer (n = 89)
Mucosa (n = 87)
Submucosa (n = 88)
Muscularis (n = 88)
lleum

Any layer (n = 89)
Mucosa (n = 86)
Submucosa (n = 86)

Muscularis (n = 87)

76.7% (68.1-83.9)
72.8% (63.7-80.7)
16.5% (10.3-24.6)
11.3% (6.2-18.6)

86.5% (77.6-92.8)
87.5% (78.5-93.5)
37.5% (27.4-48.5)
33.0% (23.3-43.8)

73.0% (62.6-81.9)
70.9% (60.1-80.2)
27.9% (18.8-38.6)
14.9% (8.2-24.2)

44.6% (34.2-55.3)
19.3% (11.4-29.4)
36.8% (16.3-61.6)
53.8% (25.1-80.8)

79.2% (68.5-87.6)
40.8% (29.6-52.7)
24.2% (11.1-42.3)
86.2% (68.3-96.1)

56.9% (44.0-69.2)
21.3% (11.9-33.7)
12.5% (2.7-32.4)

53.8% (25.1-80.8)

67.9% (47.6-84.1)
80.6% (62.5-92.5)
88.5% (80.4-94.1)
73.5% (63.9-81.8)

50.0% (21.1-78.9)
90.9% (58.7-99.8)
89.1% (77.8-95.9)
44.1% (31.2-57.6)

79.2% (57.8-92.9)
100% (86.3-100)
90.3% (80.1-96.4)
59.5% (47.4-70.7)

82.0% (68.6-91.4)
72.7% (49.8-89.3)
38.9% (17.3-64.3)
20.6% (8.7-37.9)

91.0% (81.5-96.6)
96.9% (83.8-99.9)
57.1% (28.9-82.3)
43.1% (30.2-56.8)

88.1% (74.4-96.0)
100% (75.3-100)
33.3% (7.5-70.1)
18.9% (8.0-35.2)

27.1% (17.2-39.1)
27.2% (18.4-37.4)
87.6% (79.4-93.4)
92.6% (84.6-97.2)

27.3% (10.7-50.2)
18.2% (9.09-30.9)
66.2% (54.3-76.8)
86.7% (69.3-96.2)

40.4% (26.4-55.7
34.2% (23.5-46.3
72.7% (61.4-82.3

)
)
)
88.0% (75.7-95.5)

Prevalence of histopathologic lesions in each segment or layer is provided.

Abbreviations: 95% Cl, 95% confidence interval; n, number of cases having both ultrasound and biopsy available for evaluation from each segment or layer.

cats with Sl pathology included inflammation consistent with IBD (105),
SC-LSA (16), intermediate large-cell lymphoma (14), other neoplasia
(13), and suspected feline infectious peritonitis (10). Biopsy identified
normal Sl in 25 cats. Histologic disease outside the gastrointestinal tract
was found in 70% of cats.

Overall, ultrasonographic lesions in the Sl in any wall layer had
high PPV for histologic Sl lesions in any wall layer within the same SI
segment (duodenum, 82.0%; 95% confidence interval [Cl], 68.6-91.4;
jejunum, 91.0%; 95% Cl, 81.5-96.6; ileum, 88.1%; 95% Cl, 74.4-96.0)
but poor NPV (duodenum, 27.1%; 95% Cl, 17.2-39.1; jejunum, 27.3%;
95% Cl, 10.7-50.2; ileum, 40.4%; 95% Cl, 26.4-55.7). Table 2 shows
the ability of ultrasonography to predict histologic lesions in specific
Sl wall layers.

Eighty-six cats had ultrasonographic jejunal lesions with duodenal
histopathology available. Of these cats, 83.7% had histologic duodenal
lesions, whereas 16.3% had normal duodenal histology. Fifty-five cats
with ultrasonographic jejunal lesions had ileal histopathology avail-
able. Of these cats, 76.4% had histologic ileal lesions, whereas 23.7%
had normal ileal histology. Thirty-five cats only had ultrasonographic
Sl lesions in the jejunum. Histologically, 22 of the 35 cats (62.9%) had
lesions in the duodenum, ileum, or both. The sensitivity, specificity,

and predictive values of jejunal ultrasonographic lesions (any wall

TABLE 3

layer) to predict histologic lesions in the duodenum or ileum (any wall
layer) are shown in Table 3.

Cats with ultrasonographic muscularis lesions were examined for
histologic lesions of the mucosa and submucosa within the same S| seg-
ment. Results are summarized in Table 4. In all segments, an ultrasono-

graphic muscularis lesion had high PPV for a mucosal histologic lesion.

4 | DISCUSSION

We assessed the ability of ultrasonography to predict the presence
and location of histologic lesions in the Sl of cats. The clinical utility of
this question is to help clinicians choose the best biopsy method for
each patient. We did not aim to identify the best biopsy method for
cats with chronic enteropathies. The choice of biopsy method is a
multifaceted decision, based on invasiveness level, patient factors (eg,
hypoalbuminemia), and diagnostic quality. An additional complicating
factor is that IBD and SC-LSA may be present together, as a contin-
uum, or may be present multifocally or diffusely.2* From the clinician's
perspective, the ideal biopsy method is the least invasive method that
provides the most information. Endoscopic biopsies may be preferred

to spare the patient from a surgical recovery, and for gross mucosal

Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of ultrasonographic lesions in the

jejunum to predict the presence of a histopathologic lesion in the duodenum or ileum

Prevalence (95% ClI)
77.0% (69.0-84.3)
73.0% (63.0-81.9)

Small intestinal segment
Duodenum (n = 123)
lleum (n = 89)

Prevalence of histopathologic lesions in each segment or layer is provided.

Sensitivity (95% Cl)
75.8% (65.9-84.0)
64.6% (51.8-76.1)

Specificity (95% Cl)
50.0% (30.6-69.4%)
45.8% (25.6-67.2)

PPV (95% CI)
83.7% (74.2-90.8)
76.4% (63.0-86.8)

NPV (95% ClI)
37.8% (22.5-55.2)
32.4% (17.4-50.5)

Abbreviations: 95% Cl, 95% confidence interval; n, number of cases having both ultrasound and biopsy available for evaluation from each segment or layer.
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TABLE 4

Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of ultrasonographic lesions in the

muscularis layer to predict the presence of a histopathologic lesion in the same small intestinal segment's mucosa, submucosa, or both

Small intestinal segment and wall layer Prevalence (95% ClI)

Duodenum

Sensitivity (95% Cl)

Specificity (95% Cl) PPV (95% Cl) NPV (95% ClI)

Mucosa (n = 114)

Submucosa (n = 115)

Jejunum

Mucosa (n = 87)
Submucosa (n = 88)
lleum

Mucosa (n = 86)

Submucosa (n = 86)

73.0% (64.0-80.7)
17.0% (10.0-24.6)

87.0% (79.0-93.5)
38.0% (27.0-48.5)

71.0% (60.0-80.2)
28.0% (19.0-38.6)

33.7% (23.7-44.9)
52.6% (28.9-75.6)

69.7% (58.1-79.8)
78.8% (61.1-91.0)

52.5% (39.3-65.4)
50.0% (29.1-70.9)

80.6% (62.5-92.5)
75.0% (65.1-83.3)

54.5% (23.4-83.3)
41.8% (28.7-55.9)

80.0% (59.3-93.2)
61.3% (48.1-73.4)

82.4% (65.5-93.2)
29.4% (15.1-47.5)

91.4% (81.0-97.1)
44.8% (31.7-58.5)

86.5% (71.2-95.5)
33.3% (18.6-51)

31.3% (21.3-42.6)
88.9% (80.0-94.8%)

20.7% (8.0-39.7)
76.7% (57.7-90.1)

40.8% (27.0-55.8)
76.0% (61.8-86.9)

Prevalence of histopathologic lesions in each segment or layer is provided.

Abbreviations: 95% Cl, 95% confidence interval; n, number of cases having both ultrasound and biopsy available for evaluation from each segment or layer.

evaluation of lacteal dilatation, ulceration, and other lesions. From the
pathologist's perspective, more tissue always gives a better diagnostic
yield, making full thickness biopsy the preferred method. Because
immunohistochemistry (IHC) and clonality studies are increasingly
available, pathologists may be able to get more information from
endoscopic biopsy specimens.?> Without the availability of these
tests, the diagnosis of IBD versus SC-LSA can be challenging without
histologic evaluation of tissue deeper than the mucosa. The ideal bal-
ance in selecting a biopsy method is to make the decision on an individ-
ual patient basis, and before our study, the utility of ultrasonography to
aid in this decision has not been evaluated.

We found that when assessing the ability of ultrasonography to
predict the presence of histologic lesions in the feline Sl in general
terms (ie, without regard to which layer of the S| was affected), the
test has a high PPV and a low NPV. The presence of an ultrasono-
graphic lesion in any layer of the feline Sl strongly supports that a his-
tologic lesion will be present in at least 1 layer of that segment of
Sl. This finding is consistent with previous reports showing that histo-
logic lesions are present in the Sl in 96%-99% of cats with thickening
of the SI wall on ultrasound examination and clinical signs of gastroin-
testinal disease.?%?” The unique aspect of our study was to determine
whether ultrasonography also could predict the location of histologic
lesions. We assessed this possibility by evaluating the specific layer or
layers of Sl in which both ultrasonographic and histologic lesions were
identified. Ultrasonographic lesions of the mucosal layer in all seg-
ments of the feline SI were strongly predictive of histologic lesions
within the mucosa (PPV, 72.7%-100%). However, the presence of
ultrasonographic lesions within the submucosal and muscularis layers
was not predictive of histologic lesions in those layers. This informa-
tion should assist clinicians in determining the best method and loca-
tion of Sl biopsy for an individual cat.

When interpreting measures of diagnostic utility of ultrasonogra-
phy calculated from our data (sensitivity, specificity, PPV, NPV), the
most clinically useful measures were PPV and NPV. The PPV and NPV
are affected by the prevalence of disease in the population. Our study
population had a high prevalence of disease, with histologic lesions in
the Sl of 132 of 169 cats (78.1%). A high prevalence of Sl disease is

likely to be present in a clinical population of cats with clinical signs of
gastrointestinal disease in which a clinician would choose to use ultra-
sonography to evaluate for the presence of Sl lesions. A recent study
showed a prevalence of Sl disease of 96% in a clinical population of
300 cats with clinical signs of chronic gastrointestinal disease and
ultrasonographic evidence of thickening of the SI.2” However, as the
prevalence of disease in a population decreases, the PPV will decrease
whereas the NPV will increase. Therefore, the PPV and NPV in our
study are not generalizable to a population with a lower prevalence of
disease. For example, if ultrasonography is used to screen healthy ani-
mals or animals without signs of gastrointestinal disease, its ability to
predict histologic disease will not be as strong and our calculated PPV
and NPV values will not apply. For example, to demonstrate how
prevalence can affect PPV and NPV, we calculated predictive values
at various theoretical prevalence rates. For a histopathologic lesion in
the duodenum (in any layer), with our calculated sensitivities and
specificities, for a population with a prevalence of 30%, the PPV of
ultrasonography would be 37.3% and the NPV would be 74.1%; for a
population with a prevalence of 60%, the PPV would be 67.5% and
NPV would be 44.9%, and for a population with a prevalence of 95%,
the PPV would be 96.3% and NPV would be 6.1%. Similarly, for histo-
pathologic lesions in the jejunum (any layer), with our calculated sensi-
tivities and specificities, for a population with a prevalence of 30%,
the PPV of ultrasonography would be 40.4% and the NPV would be
84.9%; for a population with a prevalence of 60%, the PPV would be
70.4% and NPV would be 61.6%, and for a population with a preva-
lence of 95%, the PPV would be 96.8% and NPV would be 11.2%. For
histopathologic lesions in the ileum (any layer), with our calculated
sensitivities and specificities, for a population with a prevalence of
30%, the PPV of ultrasonography would be 53.9% and the NPV would
be 81.1%; for a population with a prevalence of 60%, the PPV would
be 80.4% and NPV would be 55.1%, and for a population with a prev-
alence of 95%, the PPV would be 98.1% and NPV would be 8.8%.

For a population with high disease prevalence, as seen in cats with
chronic gastrointestinal signs, the high PPV of an ultrasonographic
lesion in any layer of the feline Sl for the presence of a histologic lesion

in any layer of the same segment of S| should help clinicians conclude
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that intestinal biopsy should be recommended. If an ultrasonographic
lesion is present, a histologic lesion is likely to be present in a popula-
tion of cats suspected of having Sl disease. This supports previous data
regarding ultrasonographic thickening of the feline S1.2%%” However,
we evaluated the predictive value for any lesion, which included thick-
ening, changes in echogenicity, hyperechoic bands, masses, and loss
of normal layering structure. Any of these abnormalities is strongly pre-
dictive of histologic abnormality and their presence should warrant a
recommendation of S| biopsy. In contrast, ultrasonographic lesions in
any Sl layer have low NPV and low sensitivity for histologic lesions.
Therefore, the lack of an ultrasonographic lesion does not preclude the
presence of a histologic lesion, as previously reported.242?? In a patient
with a high clinical suspicion of Sl disease, Sl biopsy still may be indi-
cated when no ultrasonographic change is present.

The ability of ultrasonography to predict the location of a histo-
logic lesion within the layers of the Sl wall may be useful to the clini-
cian in deciding whether to recommend endoscopic biopsy versus
full-thickness biopsy. Although endoscopic biopsies are less invasive,
they may be insufficient for differentiating IBD from small-cell LSA
in cats.2 One advantage of full-thickness biopsy is that it allows for
identification of a transmural lymphocytic infiltrate, which is highly
supportive of LSA.2¢ Our results showed a high PPV for mucosal
ultrasonographic lesions to predict mucosal histologic lesions but a
low PPV for submucosal or muscularis ultrasonographic lesions to
predict histologic lesions in those layers. Ultrasonographic lesions in
the submucosa or muscularis do not predict transmural disease and
are not necessarily an indication for full-thickness biopsy. Further-
more, ultrasonographic lesions of the muscularis layer were strongly
predictive of histologic lesions of the mucosal layer (PPV, 82.4%-
91.4%) but not of the submucosal layer (PPV, 29.4%-44.8%). Our
findings are in contrast to a prior study that found that ultrasono-
graphic thickening of the muscularis layer was associated with histo-
logic infiltrate of the mucosa and submucosa.* However, in that
study, as in our study, ultrasonographic thickening of the muscularis
layer was not associated with histologic infiltrate of the muscularis
layer.# It has been suggested that thickening of the muscularis layer
can be caused by muscular hypertrophy or muscular shortening,
rather than by cellular infiltration.* The NPV for ultrasonographic
lesions in the submucosal and muscularis layers was relatively high
(66.2%-92.6%) indicating that the absence of ultrasonographic change
in these layers suggests the absence of transmural disease.

Another limitation to endoscopic biopsy in the diagnosis of SC-LSA
is the segmental nature of the disease. Cats with SC-LSA in 1 segment
of Sl and IBD in another segment commonly are reported in the veteri-
nary literature, with segmental disease reported in as many as 33% of
cats.2”?” Endoscopic jejunal biopsy beyond the proximal jejunum in
cats typically is not possible because of limitations of the equipment.
Endoscopic ileal biopsy in cats can be technically challenging and may
require blind biopsy without direct visualization of the mucosa.” The
most common site of SC-LSA in the feline Sl is the jejunum or ileum,
highlighting a major limitation of endoscopic biopsy.>'*?* When evalu-
ating the ability of ultrasonography to predict histologic disease of
the jejunum in our study, we found a high PPV and low NPV when

N
considering lesions of any layer of the jejunum. Therefore, an abnormality
on ultrasound examination is strongly suggestive of histologic disease
in the jejunum, whereas the lack of an ultrasonographic lesion does not
preclude the presence of a histologic lesion. When examining the small
number of cats in our population in which the jejunum was the only
segment of SI with an ultrasonographic abnormality, 62.9% had a histo-
logic lesion in the duodenum or ileum. Regardless of ultrasound exami-
nation findings, it would be difficult to suggest that jejunal biopsy is
unnecessary in an individual patient based on the results of our data.
However, the frequency in which the jejunum is the sole site of small-
cell LSA in not known. Although many cats with jejunal ultrasono-
graphic lesions also had duodenal (83.7%) or ileal (76.4%) histologic
lesions, we did not assess whether the histopathology was the same in
all 3 segments. Our study was not designed to answer the question of
whether endoscopic biopsy is sufficient to diagnose SC-LSA in cats.
However, previous work suggesting that endoscopic biopsy is insuffi-
cient evaluated only gastric and duodenal biopsy specimens and did not
utilize IHC or PCR for antigen receptor rearrangements (PARR) to con-
firm diagnoses. Combining duodenal and ileal sampling may increase
the yield of endoscopic biopsy.” Utilization of IHC and PARR on duode-
nal endoscopic biopsy samples may further improve the sensitivity of
endoscopic biopsy.?®

Our study had several limitations owing to its retrospective design.
It is unlikely that the areas of S| sampled correlated directly with the
region of ultrasonographic abnormality in all cases. Although this
makes it impossible to say there is a direct correlation between the
ultrasonographic and histologic lesions, this situation accurately repre-
sents what happens in a clinical setting. Not all cats had histology sam-
ples collected from all 3 SI segments, creating a potential source of
bias whereby segments that were biopsied were more likely to have
gross or ultrasonographic change. Necropsy cases were included in our
study to decrease selection bias for cats with jejunal ultrasonographic
lesions. However, necropsy histology sample quality for gastrointesti-
nal samples may be compromised because of autolysis, predominantly
in the mucosal layer. The majority of diseased cats (79.5%) in our study
had inflammation as their primary histopathologic change, whereas
only 28.6% had LSA. This finding is in contrast to other studies in
which the proportion of cats with LSA was 40%-80%.%¢2>27 The num-
ber of cats with LSA may be falsely decreased in our study, because
the diagnoses were made purely on histologic evaluation, with final
diagnosis determined by a single pathologist. The effect of inter-
pathologist variation must also be considered. Advanced diagnostic
tests (IHC and PARR) were not performed to distinguish IBD from SC-
LSA, which may have led to undiagnosed emerging SC-LSA in some of
the cats. However, our goal was not to find associations between spe-
cific ultrasonographic lesions and specific histopathologic lesions, and
thus this limitation does not change our conclusions. Although other
studies evaluating the utility of ultrasonography in the diagnosis of SI
disease in cats have assessed a specific ultrasonographic finding of
increased thickness, we chose to include any other ultrasonographic
lesions that might be associated with disease, such as abnormal wall
echogenicity (eg, hyperechoic mucosa, hyperechoic mucosal band) and

wall masses.*?427 Although this method did not allow us to evaluate
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the diagnostic utility of specific lesions, it does provide a clinically relevant
assessment of the utility of any ultrasonographic abnormality that may
be associated with Sl disease.

In summary, our data show that cats with Sl ultrasonographic
lesions are likely to have Sl histologic lesions. Most cats with SI mucosal
ultrasonographic lesions will have mucosal histologic lesions. Endo-
scopic mucosal biopsy should effectively identify these lesions. Mucosal
ultrasonographic lesions in the jejunum are an indication for surgical
biopsy, because the jejunum cannot be reliably evaluated using endos-
copy. However, S| submucosal and muscularis ultrasonographic lesions
are not predictive of histologic disease in the submucosal and muscu-
laris layers, suggesting that full-thickness biopsy may not be essential
to obtain a diagnosis in cats with ultrasonographic submucosal or mus-
cularis lesions, or both. Cats lacking ultrasonographic lesions in the sub-
mucosal and muscularis layers rarely have histologic lesions in those
layers, and these cats may be good candidates for endoscopic S| biopsy.
Although the decision to recommend S| biopsy and which biopsy tech-
nigue (endoscopic versus full-thickness) to recommend is multifactorial,

our data may help guide recommendations in an individual cat.
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