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FELINE ABDOMINAL

ULTRASONOGRAPHY: WHAT’S
NORMAL? WHAT'S ABNORMAL?

The spleen

Sally Griffin

Imaging the spleen

Ultrasound is considered to be the diagnostic imaging modality of

choice for assessing the

feline spleen, enabling splenic contour, size

and parenchymal echogenicity and echotexture to be evaluated.! The
head of the spleen is located caudolateral to the gastric fundus, to

The body and tail
of the feline spleen
are fairly consistently
positioned along the
left abdominal wall,
lateral to the
left kidney.

which it is attached by the short gastro-
splenic ligament.!”*> Unlike dogs, in which
the position of the spleen is highly vari-
able, the body and tail of the feline spleen
are fairly consistently positioned along the
left abdominal wall, lateral to the left kid-
ney.* The superficial location of the feline
spleen renders it well within the reach of
high frequency transducers and, since the
spleen is easily accessible, an intercostal
approach is not usually required. The
author scans the spleen with the cat posi-
tioned in right lateral recumbency, using a
left flank approach, starting at the head
and finishing at the tail of the spleen
(Figure 1). As for other abdominal organs,
the spleen should be examined in at least

two orthogonal planes, usually longitudinal and transverse, to reduce
the risk of missing a lesion.

Figure 1 Approximate transducer positioning for the spleen
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JJCLINICAL REVIEW

Practical relevance: Abdominal
ultrasound plays a vital role in the
diagnostic work-up of many cats
presenting to general and specialist
practitioners. Ultrasound examination
of the spleen provides important
information to aid the investigation of
several conditions and is particularly relevant when
an enlarged or irregular spleen is identified during
abdominal palpation.

Clinical challenges: Despite ultrasonography
being a commonly used modality, many
practitioners are not comfortable performing an
ultrasound examination or interpreting the resulting
images. Even for the experienced ultrasonographer,
differentiating between incidental findings and
pathological changes can be challenging.

Aim: This review, part of an occasional series

on feline abdominal ultrasonography, discusses
the ultrasound examination of the normal and
diseased spleen. Aimed at general practitioners
who wish to improve their knowledge of and
confidence in feline abdominal ultrasound, this
review is accompanied by high-resolution images
and videos available online as supplementary
material.

Equipment: Ultrasound facilities are readily
available to most practitioners, although the use

of ultrasonography as a diagnostic tool is highly
dependent on operator experience.

Evidence base: Information provided in this
article is drawn from the published literature

and the author’s own clinical experience.

Keywords: Ultrasound; splenomegaly; lymphoma;
mast cell neoplasia; splenic mass; myelolipoma;
accessory spleen; splenunculus
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REVIEW / Feline abdominal ultrasonography — the spleen

Radiographically, the feline spleen is most
easily appreciated on a ventrodorsal projec-
tion of the abdomen and is small compared
with the canine spleen (Figure 2).5¢ The head
of the spleen may be visible on one or both
lateral views in around 50% of cats. In
contrast, according to some reports, the tail is

Figure 2 Ventrodorsal
radiographic projection of the
abdomen of a cat. The spleen
(arrowheads) is visible within
the left side of the abdomen,
lateral to the left kidney (LK).
RK = right kidney. Courtesy of
< Paul Mahoney, IDEXX, UK

In all ultrasound
images, unless
stated otherwise,
cranial is to the left
and caudal is to the
right of the image.

rarely visible on a lateral abdominal radio-
graph and, if seen, is potentially suggestive of
splenomegaly.'? In the author’s experience,
the tail is occasionally visible in cats where
there is no suspicion of splenic disease. This is
supported by a recent study that documented
the presence of a visible splenic tail on lateral
abdominal radiographs in 4/15 (27%) non-
sedated healthy adult cats.” Thus, it may be
helpful to interpret such a finding on a case-
by-case basis in the context of the history and
clinical examination to determine the likely
significance, with a view to further investiga-
tion if considered appropriate.

Normal appearance of the spleen

On ultrasound, the feline spleen appears as a
small, elongated organ in the long axis and is
triangular in cross-section.® It is well defined,
smoothly marginated and possesses a thin,
echogenic capsule, which becomes most
apparent when orientated perpendicular to
the ultrasound pulses due to specular reflec-
tion (Figure 3).%>® Mild undulations may be
noted along the mesenteric border where
individual splenic vein radicles exit the

Figure 3 (a-d) Normal appearance of the spleen in four cats. In each example, the spleen (short arrows) appears as an elongated organ with fine echotexture
within the near field of the image due to its superficial location within the abdomen. (b) The echogenic capsule surrounding the spleen is particularly conspicuous.
(c) Splenic veins (long arrows) are visible within the hilar region of the spleen. (d) Marked thickening of the muscularis layer of the ileum (long arrow) is visible,

and is surrounded by hyperechoic reactive fat. Two videos showing the appearance of a healthy spleen in a kitten are available as supplementary material
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Figure 4 (a,b) Relative echogenicity of the spleen and liver in two cats. The spleen is mildly hyperechoic compared with the liver

The echogenicity of the spleen relative to the liver and kidney is variable,

but is generally greater than that of the liver and less than the kidney.

spleen. Splenic parenchymal echotexture is
typically homogeneous and finer than that of
the liver, interrupted only by the presence of
linear, anechoic intraparenchymal veins
coursing longitudinally through the body of
the spleen.*” Splenic veins are usually less
conspicuous in cats than in dogs.? Splenic
arteries may not be appreciated on B-mode
images alone, but can often be seen using
colour Doppler.®

The echogenicity of the spleen relative to
the liver and kidney is variable, but is gener-
ally greater than that of the liver and less than
the kidney (Figure 4).*> Some studies have
reported the echogenicity of the spleen to be
either isoechoic or mildly hyperechoic when
compared with the left renal cortex.” The
authors of one of these studies noted a differ-
ence in relative splenic echogenicity between
male and female cats.? They found that in 77%
(23/30) of castrated male cats the spleen was
isoechoic to the renal cortex, whereas in 80%
(16/20) of spayed female cats the spleen was
mildly hyperechoic relative to the kidney’
It was postulated that this difference is likely
to be due to the increased propensity of older,
castrated male cats to accumulate lipid within
the tubules of the renal cortex, thus causing
an increase in cortical echogenicity.!! Readers
should note that only the mid-portion of the
left renal cortex, which is perpendicular to the

ultrasound beam, should be used to compare
renal with splenic echogenicity, since artefac-
tual echogenic dropout at the poles of the
kidney can give rise to misleading results.>!
Minimal pressure should be applied to the
transducer at the time of comparison and the
focal zone should be adjusted to the level of
interest.> An increase in hepatic echogenicity
can occur in cats with vacuolar hepatopathy,
thus altering the relationship between the
echogenicity of the spleen and liver.!?

While in many cats the splenic parenchyma
is homogeneous in echogenicity, at higher
frequencies, and therefore improved axial
resolution, a normal spleen can appear
mottled.?%13-15 Other terms commonly used to
describe this appearance include ‘honey-
comb’, ‘Swiss cheese’ and ‘moth-eaten’. In
essence, these terms all refer to the presence of
numerous small but separate hypoechoic
nodules disseminated throughout the splenic
parenchyma resulting in a spotted echotex-
ture.!® The cause of this mottling is not known
but the ability of high resolution transducers
to resolve splenic lymphoid centres has been
proposed as a possible explanation.”? The
appearance has also been reported in associa-
tion with various pathological conditions.
The reader is directed to the round cell neo-
plasia section below for a further discussion
on pathological causes of mottling.

It is important to exercise caution in the interpretation
of a mottled or moth-eaten spleen, since it may be present in normal
cats as well as in conjunction with various splenic pathologies.
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The shape of the spleen is

characterised by a slender head and body,

Abnormalities of the spleen

The majority of the veterinary literature
describing the ultrasonographic appearance

and a relatively wider tail, resulting in a of splenic disease pertains to dogs. There are,

‘tongue-like’ appearance.

The shape of the spleen is fairly consistent
across the species and is characterised by a
slender head and body, and a relatively wider
tail, resulting in a ‘tongue-like’ appearance.®
Assessment of splenic size in cats has tradi-
tionally been subjective,* with one study
revealing a poor correlation between radio-
graphic and ultrasonographic measurements
of splenic thickness (hereafter referred to as
‘height’).! However, a study by Reese et al in
2013 reported the mean height of the normal
splenic body in 60 healthy cats to be 8.2 mm
(SD 1.4 mm), with a range of 5.3-11.1 mm,
based on images of the spleen acquired in the
transverse plane.’

A separate study by Sayre and Spaulding
in 2014 determined the height of the head,
body and tail of the spleen in 31 clinically
healthy, non-sedated cats using a 13.5 MHz
linear transducer.®> These authors found that
splenic measurements were highly dependent
on the segment of the spleen under evalua-
tion, with the tail being most variable in size
and having the greatest potential for false-
positive results with regards to splenomegaly.
To ensure consistent evaluation of the spleen,
the authors of the study recommended
measuring the height of the proximal third
(head) of the spleen in a transverse plane
when a splenic radicle is visible at the mesen-
teric surface. Using this protocol, they report-
ed the mean height of the normal spleen to
be 7.1 mm, with a range of 5.1-9.1 mm. They
also suggested that a spleen >9.1 mm may
be indicative of enlargement, potentially
prompting further investigation such as
aspiration, depending upon patient pres-
entation and any additional ultrasonographic
findings.>

It should be noted that neither splenic
aspiration nor histopathology were per-
formed in either of the above-mentioned
2013/2014 studies and thus definitive confir-
mation of normality was not possible. Other
authors cite an upper limit of 10 mm for
the size of the normal spleen in the cat3®
based on experience or referencing the study
by Reese et al.?

however, a limited number of reports describ-
ing the ultrasonographic presentation of
splenic lesions in the cat and these are dis-
cussed below.

Splenomegaly, focal masses and lesions

Generalised splenomegaly is a helpful, albeit non-specific, clinical finding
that tends to be detected initially during abdominal palpation. Indeed,
diffuse conditions of the spleen in cats manifesting as an alteration in size

or internal splenic architecture occur more frequently than focal nodules
or masses.* This is in contrast to the canine spleen where disease more
commonly manifests as focal or multifocal lesions.'®

Splenic disease in cats is at least as, if not
more likely to be neoplastic in nature than in
dogs;'%7 the majority of splenic lesions in
dogs being benign in nature according to
several studies.!’®2! Spangler and Culbertson
conducted a study in 1992 with the aim of
determining the prevalence and type of
splenic disease in a cohort of 455 cats.!”
Primary or metastatic neoplasia accounted for
37% of splenic lesions, whereas accessory
splenic tissue from the omentum or pancreas
was identified in 4% of cats, and nodular
hyperplasia and haematomas accounted for a
further 4%. Mast cell neoplasia, lymphoma,
myeloproliferative disease and haeman-
giosarcoma were the most common tumours
of the feline spleen (in that order), although
these cannot be differentiated based on ultra-
sound appearance alone.!” Splenitis was
detected in 2% of cases and thromboembolic
disease resulting in regional splenic infarction
was documented in just 1% of cases.
Interestingly, in a subsequent study by
Hanson et al in 2001,* a much higher
percentage (73%) of the splenic changes
identified in 101 cats were due to neoplasia.

Diffuse splenomegaly

In contrast to the canine spleen, the spleen of
a cat is non-sinusoidal and, as such, does not
act as a large blood reservoir. Consequently,
physiological variations in size are likely to be
minimal and any splenomegaly is more likely
to be pathological. Mild enlargement can
occur following sedation or anaesthesia,
although any increase in size is likely to be
less pronounced than that observed in the
dog.? Sevoflurane, for example, has been

To ensure consistent evaluation, found to cause a statistically significant

. . . increase in the height, width and cross-

the height of the proximal third (head) of sectional area of the feline spleen. However,
the spleen should be measured. the magnitude of such change is minimal in
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The feline spleen is
non-sinusoidal and, therefore,
any splenomegaly is likely to have
a patholoical, rather than
physiological, basis.

ly significant.” Furthermore, sevoflurane is
not associated with significant alterations in
splenic echotexture or echogenicity.’

In a recent study, acepromazine, butor-
phanol, dexmedetomidine or a combination
of midazolam and butorphanol or dex-

Figure 5 Splenomegaly in a 2-year-old neutered male domestic shorthair cat.

medetomidine, butorphanol and ketamine
were administered to 15 healthy adult
research cats to determine the effect, if any, the
five sedative drugs/drug combinations had
on ultrasonographic splenic size.” All drugs
were administered intravenously, with the
exception of the final drug combination,
which was given by intramuscular injection.
Acepromazine was the only drug to resultin a
statistically significant increase in splenic size,
with the effect lasting at least 2-3 h post-
sedation. The mean magnitude of this change
was 0.9-1.8 mm. Butorphanol produced no
significant change in splenic size, while the
remaining drugs resulted in a trend towards
increased splenic size 15-30 mins following
administration, although the change was
not statistically significant. In this study,
haematocrit decreased significantly following
sedation in cats receiving each drug or
combination of drugs, again with the excep-
tion of butorphanol. However, the greatest
increase in splenic size did not correlate with
the most significant reduction in haematocrit,
leading the authors to hypothesise that while
red blood cell sequestration in the spleen may
explain the increase in splenic size following
sedation, sequestration of red blood cells at
other sites is also likely.

In the cat, a spleen measuring greater than
10 mm in height, as mentioned earlier, or one
that is folded over upon itself is usually sug-
gestive of splenomegaly (Figure 5).487

Round cell neoplasia

The spleen is a common site for primary mast
cell neoplasia in the cat and mast cell tumours
are the most common haematopoietic tumour
of the spleen in this species, particularly in
older cats (>10 years) (Figure 6).%%?% Splenic
mast cell neoplasia can result in diffuse
splenic enlargement, an irregular contour, dif-
fuse hypoechogenicity, mottling and the pres-
ence of hypoechoic nodules.*?* Some of these

The spleen is folded over upon itself, indicating enlargement, and has a mottled
appearance due to the presence of numerous hypoechoic foci throughout the
parenchyma. A moderate volume of free anechoic peritoneal fluid is visible
caudal to the body of the spleen. The final diagnosis was lymphoid hyperplasia.
Three videos showing lymphoid hyperplasia + haematopoiesis of the spleen,
and folding over of the spleen, are available as supplementary material

A spleen measuring greater than 10 mm
in height or one that is folded over upon itself
is usually suggestive of splenomegaly.

changes are discussed in more detail below.
A reduction in size of the spleen, hyperechoic
nodules and diffuse hyperechogenicity have
also, less commonly, been reported in associa-
tion with mast cell infiltration.* Furthermore,
an ultrasonographically normal spleen is not
sufficient to exclude a diagnosis of mast cell

infiltration.?*

Figure 6 Diffuse splenomegaly owing to mast cell infiltration in a 15-year-old
neutered female domestic shorthair cat. The spleen (arrows) is enlarged and
contains multiple, small, poorly defined hypoechoic foci throughout the
parenchyma. Additional ultrasonographic findings included hepatomegaly,
abdominal lymphadenopathy and a small peritoneal effusion. Mast cell
infiltration of the liver and spleen was confirmed following ultrasound-guided
fine-needle aspiration of both organs. A video showing multiple splenic
masses due to mast cell infiltration is available as supplementary material
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Diffuse splenomegaly is also particularly
common in cats with lymphoma (Figure 7). In
one study, 83% of cats with splenic lymphoma
had an enlarged spleen and, in 32% of cases,
enlargement was the only splenic change
observed.* Despite this, and as is the case
with mast cell neoplasia, the absence of
splenomegaly is insufficient to exclude a diag-
nosis of lymphoma.*

In dogs, a ‘honeycomb’-like or ‘Swiss cheese’
echotexture, indicating the presence of multi-
ple small hypoechoic foci, has been described
in association with splenic lymphoma.®?®
Similarly, in one feline study, the most com-
mon ultrasonographic presentation of splenic
lymphoma, observed in 16/30 cats, was a large,
smoothly marginated, hypoechoic or nodular
spleen.* Lamb et al also described various
similar changes occurring in dogs and cats with
splenic lymphoma including diffuse hypo-
echogenicity, the presence of multiple hypo-
echoic foci, an irregular border due to the
presence of multiple protuberances, and a
cavitary mass, although the study did not spec-
ify which changes occurred in each species.?

Despite the above findings, it is important
to exercise caution in the interpretation of a
moth-eaten spleen in the cat, since it may also
be present in normal cats, as mentioned earlier,
and in conjunction with various other splenic
pathologies including lymphoid hyperplasia,
EMH, passive congestion, carcinoma, histio-
cytic sarcoma, mast cell infiltration and granu-
lomatous splenitis.*!314242” This was confirmed
by the authors of a recent study who investi-
gated the correlation between a moth-eaten
appearance of the spleen and cytological diag-
nosis.’® Of the 25/170 cats they identified as
having a moth-eaten spleen, only five had
malignant neoplasia diagnosed on cytology. Of
these five, there were three cases of lymphoma,
one of metastatic carcinoma and one of histio-
cytosis. The remaining 20 cats had a diagnosis
of benign or non-neoplastic disease, yielding
a positive predictive value of only 20% for
screening for malignant neoplasia, thus lead-
ing the authors to conclude that a moth-eaten
spleen in the cat is not necessarily indicative
of lymphoma or other malignancy on cytology.

In a separate study, lymphoma was ident-
ified in only 8/33 cats with a honeycomb
pattern, all of which also had evidence of
splenomegaly, with the remaining cats having
diagnoses of EMH, lymphoid hyperplasia,
splenitis and, in one case, histiocytic sarco-
ma.!* Similarly, a further study involving 25
cats with a honeycomb splenic pattern identi-
fied neoplasia in only 16% of cases (of which
3/4 were lymphoma), with the remainder
having lymphoid hyperplasia (64%), EMH
(12%) or splenitis (8%).'°

Diffuse splenomegaly is

particularly common in cats with

Figure 7 (a-c) Diffuse splenomegaly (indicated between the measuring calipers Iymphoma However’ absence Of
in [b] and [c]) in three cats owing to lymphoma. In (a) and (b), the splenic I s
parenchyma is heterogeneous due to the presence of small, often coalescing, splenomegaly IS |nsuff|C|ent to
cases there was concurrent hepatomegaly and abdominal lymphadenopathy. rUIe Out |ym pho ma

hypoechoic foci; in (c), the parenchymal echotexture is uniform. In all three
A video showing splenic lymphoma is available as supplementary material
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Cats with lymphoma are likely to have Extramedullary haematopoiesis
) and lymphoid hyperplasia
concurrent abdominal lymphadenopathy EMH is relatively common in cats and usually

and/or an abdominal effusion. the result of an underlying process such as

Additional findings may be present on
ultrasound in cats with round cell neoplasia.
For example, cats with lymphoma are much
more likely to have evidence of concurrent
abdominal lymphadenopathy and/or an
abdominal effusion.* Changes such as these
may also be observed in cats with mast cell
disease, although the incidence is perhaps
lower in comparison with lymphoma.**

Hepatic abnormalities, such as hepato-
megaly, a diffuse increase or decrease in hep-
atic echogenicity and the presence of hepatic
nodules, are common findings in cats with
lymphoma and concurrent hepatic involve-
ment.* Similarly, hepatic abnormalities and
abdominal effusion occur in approximately
one-third of cats with mast cell disease.
Mesenteric lymph node involvement and,
occasionally, the presence of renal and small
intestinal masses have also been reported in
cats with mast cell disease.**

anaemia, rather than representing a primary
splenic disease.*® Lymphoid hyperplasia and
EMH often occur simultaneously, and in one
study around 40% of cats with one or
both conditions had splenomegaly associated
with normal echogenicity.* Multiple non-
shadowing hyperechoic foci and focal hypo-
echoic nodules or masses up to 3 cm in
diameter have also been described in cats
with EMH and/or lymphoid hyperplasia
(Figure 8).* As for round cell neoplasia,
splenic echotexture and echogenicity may
appear normal, hypoechoic and/or mottled
and such observations are not considered to
be pathognomonic for a particular condition.*

In one study, around 40% of cats with
lymphoid hyperplasia and/or extramedullary
haematopoiesis had splenomegaly with

normal echogenicity.

Figure 8 (a,b) Diffuse splenomegaly due to reactive lymphoid hyperplasia and neutrophilic inflammation of unknown aetiology in a 3-year-old neutered male
domestic shorthair cat. Multiple poorly defined hypoechoic foci are scattered throughout the splenic parenchyma. (c) Splenomegaly owing to extramedullary
haematopoiesis in an 11-year-old neutered male Bengal with bilateral perinephric pseudocysts (not shown). The enlarged spleen is indicated between the
measuring calipers in (a-c). (d) A normal size spleen (arrows) containing multiple well-defined hypoechoic foci in an 8-year-old neutered male domestic shorthair
cat with reactive lymphoid hyperplasia

JFMS CLINICAL PRACTICE
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Feline infectious peritonitis

Feline coronavirus, and also acromegaly, have
been reported to cause enlargement in an oth-
erwise unremarkable or diffusely hypoechoic
spleen with or without an irregular contour
(Figure 9).4#% Conversely, in one study of 16 cats
with feline infectious peritonitis, in the vast
majority of cases (n = 14, 88%), the spleen
appeared normal on ultrasound.?® However, it
should be noted that this was a retrospective
study performed over 10 years ago and ultra-
sound equipment, and therefore ultrasound
images, have improved considerably over this
time period. Potential concurrent findings in
feline infectious peritonitis include renomegaly,
an irregular renal contour, a hypoechoic sub-
capsular rim, peritoneal and / or retroperitoneal
effusion, abdominal lymphadenopathy and
diffuse intestinal thickening.?®

Disseminated histoplasmosis with splenic

involvement most commonly results in an enlarged

and hypoechoic spleen.

Figure 9 Diffuse splenomegaly (arrows) resulting in rounding of the splenic
margins in a 10-month-old neutered male domestic shorthair cat with feline
infectious peritonitis. A small volume of free fluid is also present

Miscellaneous

Less common causes of splenomegaly include
myeloproliferative disease, histoplasmosis,
erythroleukaemia, eosinophilic syndrome,
plasma cell tumour, mycobacteriosis, malig-
nant histiocytosis, myelodysplasia and
haemophagocytic syndrome.#?-3

% Myeloproliferative disease has been
reported to cause a concurrent reduction in
echogenicity of the spleen in two cats.*
Although no hepatic changes or abdominal
lymphadenopathy were documented in these
cases, one cat had an abdominal effusion.
A 3-4 cm diameter hypoechoic splenic mass
has also been reported in a cat with myelopro-
liferative disease.®

% Histoplasmosis is the second-most com-
mon fungal infection in the cat in endemic
countries (after cryptococcosis) and is caused
by systemic infection with the dimorphic
fungus Histoplasma capsulatum.33” Dissem-

JFMS CLINICAL PRACTICE

Size of focal
nodules and
masses alone
cannot be used
to discriminate
between
malignant and
benign
disease.

inated histoplasmosis with splenic involve-
ment most commonly results in an enlarged
and hypoechoic spleen.®3 It is thought that
the splenic enlargement may be the result of
histoplasmosis-induced splenic macrophage
proliferation. Chronic histoplasmosis can
cause increased splenic echogenicity with
focal regions of parenchymal mineralisation.?
Less common findings include a mottled
appearance to the spleen and the presence of
discrete nodules.* Concurrent hepatomegaly,
renomegaly, adrenomegaly and lymphadeno-
pathy may be recognised,?**! and ultrasound-
guided aspiration of the spleen can be useful
to confirm the diagnosis.

% Malignant histiocytosis has occasionally
been reported in cats and ultrasonographic
findings including diffuse splenomegaly with
irregular margination, hepatomegaly, mesen-
teric lymphadenopathy and peritoneal effu-
sion have all been observed.’*#** Even with
multiple organ involvement, abdominal ultra-
sound findings may in some cases be normal.3*
% Splenic torsion is a further differential for
splenomegaly in the dog.>® To the best of the
author’s knowledge, this condition has not
been reported in the cat.

Focal nodules and masses
Focal lesions of the spleen are generally much
more readily detected on ultrasound than dif-
fuse alterations in echogenicity (Figure 10). As
mentioned earlier, focal or multifocal splenic
nodules and masses are not as common in cats
as they are in dogs and, when they occur,
are most commonly isoechoic to hypoechoic
relative to normal splenic parenchyma. Similar
differential diagnoses apply to both species
and include round cell and metastatic neopla-
sia, lymphoid hyperplasia, EMH and, very
rarely, haematoma, abscess and granuloma.?
In one study, a splenic mass >10 mm diam-
eter was reported to be suggestive of a cyto-
logical diagnosis of malignancy. However,
this was based on splenic masses in only 15
cats, of which eight were subsequently diag-
nosed as being malignant (four carcinomas,
two lymphomas, one multiple myeloma and
one haemangiosarcoma).!® In contrast, splenic
masses were more commonly associated with
non-neoplastic disease in a separate study,
although the authors used different size crite-
ria to differentiate between nodules and mass-
es.* As will become evident below, size alone
cannot be used to discriminate between
malignant and benign disease.
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Figure 10 Splenic masses. (a,b) Multiple large masses (arrows) are present
within the diffusely hypoechoic spleen of a 10-year-old neutered female
domestic shorthair cat due to metastatic mast cell neoplasia. (c) Heterogeneous
splenic mass (arrows) in an 11-year-old neutered male domestic shorthair cat
with lymphoma. Marked intra-abdominal lymphadenopathy and a small
peritoneal effusion were also identified during the ultrasound examination.

(d) Large, well-circumscribed mass (between the measuring calipers) at the
tail of the spleen in a 12-year-old neutered female domestic longhair cat with
carcinomatosis. The mass is isoechoic relative to the remaining splenic
parenchyma with an eccentrically located heterogeneously anechoic region.
The spleen was normal on ultrasound examination performed 3 months earlier
and metastatic or possibly primary neoplastic splenic disease were considered
the most likely differentials. (e) A large, approximately 3 cm diameter, well-
defined mass (arrows) is visible at the tail of the spleen of an 11-year-old
neutered female domestic shorthair cat. There is a centrally located focal
hyperechoic region within the mass associated with distal acoustic shadowing.
Results from ultrasound-guided fine-needle aspiration were consistent with
nodular lymphoid hyperplasia

Focal or multifocal splenic nodules

and masses are not as common in cats as they are in dogs.

When they occur, they are most commonly isoechoic to hypoechoic
relative to normal splenic parenchyma.

JFMS CLINICAL PRACTICE
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Figure 11 (a,b) Multiple poorly defined hyperechoic splenic nodules (between the measuring calipers), varying in size up to 1.7 cm diameter, in a 9-year-old

neutered male Maine Coon with haemangiosarcoma

Malignant neoplasia

One or more hypoechoic splenic nodules or
masses have been reported in cats with lym-
phoma,* and histiocytic sarcoma causing two
masses in the spleen has also been reported in
a cat.* Similarly, multiple hypoechoic nodules
varying in size up to 13 mm in diameter
and 1-2 cm diameter anechoic to hypoechoic
nodules have been described in cats with
metastatic fibrosarcoma® and metastatic
carcinoma,* respectively.

In contrast to the situation in dogs, feline
splenic haemangiosarcoma is relatively rare
but, when present, may present as anechoic
foci or hyperechoic nodules (Figure 11).4
Abdominal effusion has also been reported
in cats with splenic haemangiosarcoma,
although the nature of the effusion was not
described.*

Target lesions (nodules or masses with a
hyperechoic centre and hypoechoic rim) in the
spleen and liver have been reported as having
a positive predictive value of 74% for malig-
nancy in the dog (Figure 12).% While, to the
author’s knowledge, the same strong associa-
tion has not been reported in the feline spleen,
there is a description of metastatic bile duct
carcinoma resulting in a target-like lesion
within the spleen of a cat.?’

Benign lesions

% Lymphoid hyperplasia and EMH Hypo-
echoic nodules and masses measuring up to
3 cm in diameter have been reported in cats
with lymphoid hyperplasia and /or EMH.>*
< Haematomas Splenic haematomas usually
arise as a result of trauma or coagulopathy or
in association with neoplasia and can be intra-
parenchymal or subcapsular? Haematomas
may have a complex appearance depending

Haematomas typically reduce in size over time,
frequently resolving in a few months; this is
different from tumours, which generally increase,
rather than decrease, in size.

ing in a few months; this is different to
tumours, which generally increase, rather
than decrease, in size.*”

% Myelolipomas and other hyperechoic
lesions In older cats and other feline species
including cheetahs, focal or multifocal, well-
defined strongly hyperechoic nodules are
sometimes visible surrounding the splenic
vessels along the mesenteric border of
the spleen or occasionally within the
parenchyma.894%4 These represent benign

on their age and can mimic both benjgn and  Figure 12 Target lesions within the spleen of an elderly Border Collie. Both nodules are well
lasti diti °H th tvpical defined and have a hyperechoic centre surrounded by a hypoechoic rim. Aspirates taken under
neoplastic conditions. owever, they typical- ultrasound guidance were consistent with carcinoma and considered most likely to be

1y reduce in size over time, frequently resolv— metastatic in origin from an undetermined primary lesion
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Figure 13 Splenic myelolipomas. (a) Three well-defined hyperechoic nodules are visible within the spleen, the largest of which is associated with distal acoustic
shadowing (arrows). (b) A large (approximately 1 cm diameter), well-defined hyperechoic nodule is present within the body of the spleen. Moderate distal acoustic
shadowing (arrows) is evident. A video showing a splenic myelolipoma is available as supplementary material

fatty nodules known as myelolipomas and are
considered to be incidental findings.5*-52 They
may be solitary or multiple and are often
accompanied by faint acoustic shadowing
(Figure 13).

Although the size of myelolipomas is
variable, they can become quite large in some
cats. Furthermore, while the appearance of
myelolipomas is typically fairly characteristic,
they must be differentiated from mast cell
tumours, which have also been reported to
present as small hyperechoic nodules within
the spleen or to cause diffuse splenic hyper-
echogenicity (Figure 14).* In some cases
aspiration may be required to differentiate
between the two.*

Multiple hyperechoic parenchymal foci
resulting in a speckled appearance, and repre-
senting mineralisation, have been described in
association with endocrinopathies in dogs.2®
However, to the author’s knowledge, a simi-
lar finding has not to date been described in
the cat.

Miscellaneous conditions

Infarction

Infarction may be focal or it can involve the
entire spleen. The ultrasonographic appear-
ance of splenic infarction has not been
described to date in the cat. In dogs, the
appearance depends on the age of the infarct.?
Infarcted tissue frequently causes splenic
enlargement (focal or diffuse) and has a
hypoechoic® and possibly lacy appearance.>
The lacy appearance is due to the presence of
hyperechoic vessel walls contrasting with the
reduced echogenicity of the abnormal tissue.*
Crucially, there will be no blood flow within
the area of infarcted tissue when interrogated
with colour Doppler. If present, immobile

While typically fairly
characteristic in appearance, myelolipomas,
which are considered incidental findings, must be
differentiated from mast cell tumours.

Figure 14 (a,b) Hyperechoic splenic nodules in two cats. Nodules such as these most likely represent myelolipomas. However, consideration should be given
to follow-up ultrasound and/or sampling of these to rule out mast cell neoplasia

JFMS CLINICAL PRACTICE



REVIEW / Feline abdominal ultrasonography — the spleen

Cytological sampling for definitive diagnosis

While ultrasound is relatively sensitive for the detection of
splenic lesions, it is poorly specific due to significant overlap
in the appearance of different splenic diseases.*?° Even dif-

ferentiating between normal, benign and malignant changes
is not always possible and hence cytological sampling
should be considered wherever possible and, in many cases,
will allow a definitive diagnosis.

Since presenting clinical signs are usually vague and laboratory
tests lack specificity with regards to splenic disease, the decision
to aspirate or biopsy the spleen is often dependent upon the
presence of ultrasonographic abnormalities.*%27-?° Furthermore,
differentiating between benign and neoplastic conditions of the
spleen on ultrasound represents a diagnostic challenge due to
the non-specific appearance of most conditions.?® Even a spleen
that appears ultrasonographically unremarkable can be cytolog-
ically abnormal.®

Sampling may be used to confirm the nature of both diffuse
and focal/multifocal disease and is especially useful for the diagno-
sis of infiltrative diseases such as diffuse neoplasia.5® Haemic cells
usually exfoliate easily and, as such, haematopoietic hyperplasia
and neoplasia are likely to be identified by cytology.>® This is signif-
icant since in the survey of 455 cats with splenic disease described
earlier, approximately two-thirds had haemic disorders,'” indicat-
ing cytology could have a high predictive value in cats.*® Sampling
is typically less useful for cavitated lesions (eg, haematomas) due
to the effects of haemodilution,? although any enlarged abdomi-
nal lymph nodes should be sampled where possible.?

]

Fine-needle aspiration (FNA) is a safe, easy to perform and min-
imally invasive technique with a high diagnostic yield.® In a study
of 101 cats with splenic disease, FNA provided diagnostic samples
in 81/91 (89%) cats.* In a more recent study, 170/195 (87.1%) fine-
needle aspirates were diagnostic.'® Glass slides should be pre-
pared prior to aspiration to avoid samples clotting in the needle.®
The author typically uses either a 23 G, 1 inch needle or a 22 G,
1.5 inch spinal needle and a non-suction technique for aspiration
of the feline spleen. Once within the spleen, the needle is redirect-
ed several times in an attempt to harvest representative material.
If using a spinal needle, the stylette is left in situ and removed only
once the needle is within the area of interest within the spleen.5!
Samples are deposited onto a glass slide using a 5 ml syringe
and smears obtained using the squash preparation technique.5®

Suction (ie, negative pressure within the attached syringe) is
rarely necessary and can result in excessive haemodilution of
samples due to the highly vascular nature of the spleen and
lower cellularity compared with samples obtained without suc-
tion.%2 There is no significant difference in cell morphology
between the two techniques.®? It should be noted that these
statements are derived from a study involving 24 dogs and only
seven cats, although it was felt by the authors that the results
from the feline splenic samples mirrored those of their canine
counterparts.5?

Several aspirates should be collected and, if ultrasound
indicates the presence of central necrosis, samples should also
be obtained at the margin of the lesion.®® Where possible, it is
helpful to stain and examine one or two slides prior to submis-
sion to a commercial laboratory to ensure samples have suffi-
cient cellularity.®

Continued on page 253

echogenic material visible within the splenic
vein is suggestive of a thrombus® and, in
cases of splenic torsion, a hyperechoic perive-
nous triangle may be visible at the splenic
hilus.®® The latter is thought to be due to
bulging of splenic tissue against the mesen-
tery either side of the hilar vessels resulting
in a triangular appearance to the mesenteric
fat surrounding the distended veins.® Con-
current hypercoagulable conditions are
common such as hyperadrenocorticism and
neoplasia.>®

Splenunculus

Splenunculi, also known as supernumerary
spleens, accessory spleens or splenules, are
congenital islands of normal splenic tissue.
They are incidental and arise as a result of fail-
ure of fusion of the one or more components
of the splenic anlage (cluster of embryonic

Figure 15 lIsland of accessory splenic tissue (arrows), measuring 13 mm x 24 mm,
located in the omentum adjacent to the spleen in a 2-year-old neutered male
domestic shorthair cat. The tissue has the same echogenicity and mottled
appearance as the adjacent spleen. Cytology from fine-needle aspiration under
ultrasound guidance confirmed the presence of lymphoid hyperplasia

cells from which the spleen originates) during
development.”® Reported locations for acces-
sory splenic tissue include the omentum and
pancreas (ie, intra-pancreatic).””*® On ultra-
sound, accessory splenic tissue is expected to
be isoechoic to the spleen and may present as
discrete, smoothly marginated island(s) of tis-
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sue within the omentum close to the spleen or
within the pancreas (Figure 15).>%° The prima-
ry reason for identification is to differentiate
splenunculi from clinically significant pathol-
ogy such as neoplasia. A single case of mast
cell tumour in an intrapancreatic accessory
spleen has been reported in the cat.””
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There is very little published information available regarding
the correlation between splenic cytology and histology in cats.
Cytology correlated modestly with histology in one study,
although only three samples were from cats; the remaining 29
samples were from dogs.?® In a separate study, correlation
between cytology and histology was good for samples obtained
from 13 dogs and two cats.® In the above studies, histology was
performed on tissue obtained surgically or at necropsy. One of
the principal disadvantages of FNA is the highly focal nature of
the sampling technique and thus the potential for misrepresenta-
tion of the underlying disease process.?®®° Surgical biopsies
provide a larger sample of tissue and, importantly, permit assess-
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ment of internal tissue architecture and hence the invasiveness
of a lesion.?® Histopathology may, for example, be necessary to
differentiate between reactive and neoplastic conditions.?
However, because biopsies are more invasive, FNA is usually
performed in the first instance.

The author has not experienced any complications associated
with splenic FNA in cats. Furthermore, to the best of the author’s
knowledge, complications have not been specifically reported in
this species, although potential complications include haemor-
rhage and seeding of neoplastic cells along the needle tract.
In two large case series involving dogs, no serious complications
were reported.5566

Earlier articles in the series
< The liver (2019; 21: 12-24)
The biliary tree (2019; 21: 429-441)

The author declared no potential conflicts of
interest with respect to the research, authorship
and/or publication of this article.

Hepatic vascular anomalies (2019; 21: 645-654)
The normal gastrointestinal tract (2019; 21: 1039-1046)

The diseased gastrointestinal tract (2019; 21: 1047-1060)

The pancreas (2020; 22: 241-259)

The kidneys and perinephric space (2020; 22: 409-427)

Renal pelvis, ureters and urinary bladder (2020; 22: 847-865)
<= The adrenal glands (2021; 23: 33-49)

Funding

The author received no financial support for
the research, authorship and/or publication of
this article.

Ethical approval

This work did not involve the use of animals
and therefore ethical approval was not specif-
ically required for publication in JFMS.

eos to accompany the
s within this article - see leg
igures 3, 5, 6, 7 and 13 for mo
information - are available as

plementary material at: jfms.cc Informed consent

Ol: 10.1177/1098612X219936!
This work did not involve the use of animals and

therefore informed consent was not required. No
animals or humans are identifiable within this
publication, and therefore additional informed
consent for publication was not required.

KEY

The body and tail of the feline spleen are commonly located deep to the left abdominal wall and lateral to the left
kidney.

If available, a high frequency linear transducer should be used to examine the spleen.
Generalised splenomegaly may be suspected in a spleen that is folded over, or one that measures >10 mm in height.

Mast cell neoplasia and lymphoma are the most common round cell tumours causing splenomegaly in the cat.
Additional findings such as peritoneal effusion and lymphadenopathy may be present.

Anaesthesia is likely to have less effect on the size of the spleen in cats than is observed in dogs.

Splenic masses occur less commonly than diffuse splenomegaly in cats.
In most cases, the ultrasonographic appearance of splenic masses is non-specific.

Hyperechoic splenic lesions are frequently myelolipomas, although mast cell neoplasia remains an important
differential.

FNA of the spleen under ultrasound guidance is a useful technique for investigating both diffuse
and focal lesions.
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