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Introduction
The feline spleen is identified and evaluated on radio-
graphs as a triangular soft tissue opacity located caudal 
and lateral to the gastric fundus and craniolateral to the 
left kidney on the ventrodorsal projection.1–3 The amount 
of the spleen visualized on ventrodorsal radiographs, 
and its shape, is variable owing to its mobility and other 
factors, including body condition, positioning, gastric 
contents and abdominal pathology. The feline splenic 
head can also be evaluated radiographically on lateral 
projections, caudal and dorsal to the gastric fundus.1,3 
Radiographic assessment of splenic size is subjective and 
the ability to identify the tail of the spleen on lateral pro-
jections is often used as a method for declaring spleno-
megaly in the cat. Ultrasound (US) is considered the 
current gold standard for assessing the spleen as it allows 
evaluation of size, shape and parenchymal echotexture.

Two studies evaluating diagnostic imaging measure-
ments of the normal feline spleen have been performed 

and both are focused on its normal ultrasonographic 
measurements and echogenicity.4,5 The first study estab-
lished a baseline of 8.2 ± 1.4 mm for splenic height in 
cats prior to anesthesia.4 A second study found the mean 
height of the splenic head was 7.1 ± 1.2 mm, mean height 
of the body was 9.3 ± 1.5 mm and mean height of the 
splenic tail was 8.7 ± 1.5 mm.5 Objective radiographic 
methods for measuring the feline spleen and standard 
values have not been described in the veterinary litera-
ture. Information available on evaluating feline splenic 
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size is largely found in published textbooks or manuals, 
which reflect the clinical experience of experts.

The purpose of this study was to establish a method 
for radiographic splenic measurements, and to correlate 
these radiographic measurements with ultrasonographic 
measurements of the spleen. The null hypothesis is that 
the splenic measurements will not correlate between 
abdominal radiographs and abdominal US.

Materials and methods
A database search was performed through the Radiology 
Information System (Fuji Synapse; Fuji Medical Systems) 
at the University of Florida College of Veterinary 
Medicine. Inclusion criteria consisted of domestic cats, 
over 1 year of age, that had undergone both abdominal 
radiographs and US without a diagnosis of splenomeg-
aly in either imaging study. The abdominal radiographic 
studies consisted of three projections: right lateral (RL), 
left lateral (LL) and ventrodorsal (VD). The inclusion cri-
teria also required that the spleen be identifiable on at 
least the VD with good serosal margin detail and lack of 
radiographically apparent splenic or adjacent pathology. 
The abdominal radiographs and US images were 
reviewed and measured within the Picture Archive and 
Communication System (PACS; Merge Healthcare). The 
radiographs and US of each cat were performed within 5 

days of each other, and performed between 14 October 
2013 and 27 September 2015. All studies contained 
reports reviewed by a Diplomate of the American 
College of Veterinary Radiology (ACVR) and only stud-
ies with no mention of splenomegaly in both reports 
were included. No exclusion was based on previous/
concurrent illness, sex, breed or sedation status.

Radiographic measurements
All radiographs were taken using a digital radiography 
system (Canon Imaging System, CXDI-50G digital radi-
ography detectors). A protocol was developed to meas-
ure consistently the splenic thickness on radiographs 
while addressing the variability in spleen position. All 
cases were required to have an identifiable portion of the 
spleen for measurement on the VD projection, and if the 
head or tail was visible on either lateral projection it was 
also measured. All measures were made by consensus 
between all three authors. Measurements were made 
using digital calipers. Each measurement of the spleen 
was made in a consistent method based on a given 
shape. The spleen shapes as seen on the VD projection 
were placed into one of three possible categories, labeled 
A, B or C (Figure 1).

Shape A was assigned when the spleen was identified 
solely as a triangular soft tissue opacity, caudolateral to 

Figure 1  Comparative images of the three categories of spleen shape noted on ventrodorsal abdominal radiographs. Shape A: 
a triangular soft tissue opacity, caudolateral to the gastric fundus and cranial to the left kidney; shown without (A) and with (B) 
an arrow indicating how the measurement was made. Shape B: two contiguous soft tissue opaque structures with a triangular, 
soft tissue opacity centered between; shown without (C) and with (D) an arrow indicating how the measurement was made. 
Shape C: a soft tissue opaque, fusiform shape along the body wall with tapering ends; shown without (E) and with (F) an arrow 
indicating how the measurement was made
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the gastric fundus and cranial to the left kidney. The tri-
angle was measured at its widest point, in mm, perpen-
dicular to its long axis of the spleen. Shape B was assigned 
when the spleen was seen as two contiguous soft tissue 
structures with a triangular, soft tissue opacity centered 
between, representative of the splenic head and body as 
they curved and overlapped along the body wall. The 
measurement was made in mm at the widest point of the 
triangle, perpendicular to its long axis. Shape C was 
assigned when the spleen was seen as a soft tissue, 

fusiform shape along the body wall with tapering ends. 
The measurement was made in mm, at its widest point, 
perpendicular to the long axis (Figure 2).

On right and left lateral projections, the presence or 
absence of the splenic head and tail was recorded and 
measured when visible. The splenic head was seen as an 
elongated, oval shape, caudal to the gastric fundus and 
cranial to the kidneys. Measurement of the splenic head 
was performed by measuring perpendicular to the long 
axis, at its widest point (Figure 3).

Figure 2  Collimated ventrodorsal abdominal radiographs exhibiting the three different spleen shape categories before and 
after measurements of the spleen were performed using digital calipers
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In order to estimate magnification retrospectively, the 
average thickness of a feline abdomen was estimated to 
be 8 cm, and the feline spleen was estimated to be posi-
tioned in the mid abdomen, 4 cm from the table. A radio-
graph of a quarter was then made, with the quarter 
sitting on a radiographic positioning sponge, 4 cm away 
from the table in order to mimic the location of the 
spleen. The radiographic image of the quarter was meas-
ured three times using digital calipers, and the average 
of the three measurements was determined to be the 
image size (26.6 mm). The actual diameter of a quarter is 
24.26 mm. The magnification factor was calculated by 
dividing the image diameter by the object diameter, and 
was determined to be 1.08.

Ultrasonographic measurements
All abdominal US (iU22; Philips Medical) were per-
formed by either a Diplomate of ACVR or radiology resi-
dent in training, using either a curvilinear (C8-5 MHz) or 
linear (L12-5 MHz) transducer. The thickness of the 
spleen (referred to as ‘height’ in other studies) on US was 
measured on the image captured, at its widest point, 

with the spleen in short axis. Captured images were 
based on the mid-body of the spleen. US data for the 
study were derived from either the captured image with 
measurement created by the ultrasonographer or, in the 
event the measurement was not saved, by taking the 
measurement on the captured image while viewing the 
image in PACS. If the authors did not agree with the pre-
saved measurement, the measurements were repeated 
(Figure 4).

Data collection and analysis
Data were tabulated and analyzed using Microsoft Excel. A 
total of 100 cases were used. The average and SD of each 
type of radiographic measurement (shape A, shape B, 
shape C, RL head, LL head) and US measurements were 
calculated and recorded. Linear regression was used to 
observe the relationship between each radiographic splenic 
shape (A, B or C) and the US measurement, between the 
thickest splenic measurement of each radiographic projec-
tion and the US measurement and between all VD spleen 
measurements (regardless of category) and the US meas-
urements both before and after radiographic magnifica-
tion was estimated. A correlation coefficient (R) ⩾0.8 was 
considered a strong correlation. An independent t-test 
with unequal variances (Welch test) was performed 
between the spleen shapes: A and B, B and C, C and A. 
Frequency of splenic head identification on the lateral pro-
jections was evaluated and linear regression analysis was 
performed to compare the splenic head measurements 
(right and left) with the US measurements. An independ-
ent t-test with unequal variances was also performed 
between the right splenic head and left splenic head meas-
urements. A P value <0.05 was considered significant.

Results
The cats ranged in age from 1–20.5 years old with an 
average age (± SD) of 9.2 ± 4.8 years, and a median of 
9.3 years. Of the 100 VD splenic measurements, the 
majority were categorized as shape B (52 cases), fol-
lowed by shape A (27 cases) and shape C (21 cases). After 
radiographic magnification was accounted for, the mean 

Figure 4  Ultrasound spleen measurement performed 
retrospectively when original measurement image was not 
saved. Cranial is to the left side of the image and caudal is to 
the right. The ultrasound image of the spleen was captured 
using a linear transducer. The splenic shape and echotexture 
are within normal limits. Measurements were made by 
recording the thickness of the spleen, at its widest point, 
perpendicular to the long axis

Figure 3  Collimated left lateral abdominal radiographs before and after measurement of the splenic head was performed using 
digital calipers
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(± SD) thickness of all VD measurements was 8.6 ± 2.2 
mm. The average (± SD) VD spleen thickness by shape 
was A = 9.9 ± 2.2 mm, B = 8.1 ± 1.8 mm and C = 8.0 ± 
2.3 mm. The mean (± SD) thickness of the splenic head 
was 8.0 ± 2.0 mm on the RL and 7.1 ± 2.0 mm on the LL. 
The mean (± SD) thickness measured on US was 8.0 ± 
1.6 mm (Table 1).

The spleen was identified only on the VD projection 
in 52 cats, and on more than one projection in 48 cats. Of 
those 48 cats, the splenic head was identified on only the 
left lateral and VD in 24 cats, only the right lateral and 
VD in 10 cats and both laterals and the VD in 14 cats. 
Therefore, of the cases in which the splenic head could 
be visualized on the lateral, it could be seen in the left 
lateral in 38 cats (79%). On only one image, a left lateral, 
were both the splenic head and tail visualized together. 
A measurement of the tail thickness was performed and 

recorded by measuring perpendicular to the long axis at 
its widest point.

All R value or P values were the same before and after 
radiographic magnification was accounted for. No statis-
tically significant correlation was found between any of 
the radiographic and US measurements (R ⩽0.6). The 
relationship of shape A and US measurement had the 
highest correlation (R = 0.6) (Table 2).

Independent samples t-tests with unequal variances 
were performed among the different splenic shapes A  
(n = 27), B (n = 52) and C (n = 21) to test the null hypoth-
esis that they were not statistically different in size 
(Table 3). The independent samples t-test results showed 
a statistical difference between the category A and cate-
gory B measurements (P = 0.0006), as well as between 
category A and C measurements (P = 0.004). However, 
the relationship between B and C categories was similar 
and not significantly different (P = 0.8). An independent 
samples t-test with unequal variances was also per-
formed to compare RL splenic head and LL splenic head 
radiographic measurements. There was not a significant 
difference between these measurements (P = 0.12).

Discussion
Results of our analysis accepted the null hypothesis and 
showed no strong correlation between any of the  
radiographic and ultrasonographic spleen measure-
ments. Our study also showed that measuring the spleen 
on VD projections as shape A is not equivalent to meas-
uring the spleen as shape B or C. Shapes B and C, how-
ever, were similar in thickness. The shape categories 
were created based on a repeated pattern noted by the 
authors. The cat spleen’s long narrow body with widen-
ing of the distal tail (referred to as ‘spoon shape’) and 
mobility creates different areas at which the spleen can 
fold on itself, creating the unique soft tissue shapes that 
were seen. The discrepancies between shape A and both 
shapes B and C is, in large part, due to positioning and 
folding of the spleen, and the measurable soft tissue 
opacity is that formed. Shape A is seen when the spleen 
is vertically oriented relative to the long axis of the cat’s 

Table 1  Radiographic and ultrasound (US) mean 
measurements with SD

Type of 
measurement

Mean ± SD (mm) MeanM ± SD (mm)*

Shape A 10.7 ± 2.4 9.9 ± 2.2
Shape B   8.7 ± 1.9 8.1 ± 1.8
Shape C   8.6 ± 2.4 8.0 ± 2.3
All VD   9.2 ± 2.3 8.6 ± 2.2
RL head   8.6 ± 2.1 8.0 ± 2.0
LL head   7.7 ± 2.2 7.1 ± 2.0
US   8.0 ± 1.6 –

Shapes A, B and C represent mean ± SD of their respective shapes 
on the ventrodorsal (VD) view
*MeanM ± SD indicates the mean ± SD acquired following adjustment 
for magnification
All VD = mean ± SD of all VD radiographic measurements; RL = 
mean ± SD of right lateral splenic head measurements; LL = mean 
± SD of left lateral splenic head measurements; US = mean ± SD  
of spleen on all US images

Table 2  Correlation coefficients (R) comparing the 
relationships between radiographic and ultrasound (US) 
measurements

Relationship R value R valueM*

All VD vs US 0.4 0.4
Thickest vs US 0.4 0.4
Shape A vs US 0.6 0.6
Shape B vs US 0.4 0.4
Shape C vs US 0.2 0.2
RL vs US 0.2 0.2
LL vs US 0.1 0.1

Shapes A, B and C are based on the shape of the spleen on the 
ventrodorsal (VD) image
All VD = all ventrodorsal radiographic measurements; RL = right 
lateral; LL = left lateral
*R valueM represents the R value acquired using measurements 
adjusted for magnification

Table 3  Unequal variance t-test between different 
radiographic measurements

Comparison P value* P valueM†

A to B 0.0006 0.0006
B to C 0.8 0.8
A to C 0.004 0.004
RL head to LL head 0.1 0.1

A, B and C based on the ventrodorsal spleen shape
*<0.05 significance level
†P valueM represents the P value acquired using measurements 
adjusted for magnification
RL = right lateral; LL = left lateral
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body, with the splenic head positioned dorsally and 
summating with a portion of the splenic body. Both 
shapes B and C are due to tissue summation of splenic 
body along the long axis as it travels caudally along the 
body wall. Therefore, the increased thickness of meas-
urements in category A relative to B and C is suspected 
to be due to a degree of summation and folding rather 
than the true thickness of the spleen.

The average US measurement of 8.0 ± 1.6 mm (range 
5.0–11.2 mm) in this study was similar to that established 
in normal cats by previous studies: 8.2 ± 1.4 mm (range 
5.3–11.1 mm)4 and 7.1 ± 1.19 mm (range 5.1–9.1 mm).5 
When compared with splenic US measurements of the 
first study, only two cats, with measurements of 11.1 and 
11.2 mm, exceed the range of two SDs (5.4–11.0mm); and 
only three cats with measurements of 4.3, 5.0 and 5.0 
mm, respectively, fell below the range.4

Multiple studies have been performed evaluating 
feline splenic disease and the associated diagnostic 
imaging characteristics; however, these studies do not 
define the criteria used when describing splenomegaly 
in the cat.6–10 Diagnosing the feline spleen as enlarged on 
US is often aided by using the upper limit of 10 mm and 
the observer’s subjective opinion of its shape, margina-
tion and echogenicity. This cut-off of 10 mm is usually 
cited as the author’s opinion or referencing the first 
study on feline US spleen measurement.1,11 In the second 
study on feline US measurement, the authors suggest 
utilizing 9.1 mm as the upper limit of normal for the 
height, or thickness, of the splenic head on US.

Of the cases in which the splenic head could be identi-
fied on a lateral projection, it was 1.5 times more likely 
that the head would be visualized on the left lateral than 
the right lateral. This is not surprising because the splenic 
head is fixed in the left abdominal cavity via the gastro
splenic ligament.1,2,12

Typically, identification of the splenic tail on a lateral 
projection is abnormal and considered suggestive of 
splenomegaly.13 Our findings support the concept that it 
is rare to see the splenic tail on a lateral projection (1%), 
but based on our study design, we cannot conclude that 
seeing the splenic tail on a lateral projection correlates to 
splenomegaly. There was only one projection in which 
the splenic head and tail were simultaneously identified, 
and it occurred on the left lateral. The cat had urethral 
obstruction and a markedly distended urinary bladder, 
which was causing rightward displacement of the 
descending colon. It is possible that the tail of the spleen 
was more easily identified due to displacement of the 
splenic tail from the distended urinary bladder.

A possible contributing factor for our inability to 
identify a correlation between radiographic and ultra-
sonographic measurements of splenic size is the lack of a 
standard method for measuring the spleen on radio-
graphs based on the different splenic positions seen on 

the VD image. This presented a challenge when per-
forming retrospective, radiographic splenic measure-
ments. Categorizing splenic shapes on the VD projection 
was useful in maintaining consistency of where to meas-
ure the thickest portion of the spleen on the VD image. 
Admittedly, there is subjectivity in the process of meas-
uring the feline spleen on radiographs, and it is likely 
that intra- and inter-observer variability exists in per-
forming measurements. These were not tested in this 
study.

As an additional limitation, the retrospective nature 
of this study confounded our ability to account for radio-
graphic magnification as magnification markers are not 
routinely included in collimation on abdominal radio-
graphs at our institution. The technique used in this 
study provides only a rough estimate of the true radio-
graphic magnification. In reality, there is variability in 
magnification based on patient sizes and positioning of 
the patient (LL, RL or VD). Because magnification should 
affect all radiographic measurements similarly within 
each patient, we would not expect comparative values 
between the radiographic measurements to be affected. 
However, the effect of magnification should be consid-
ered when assessing absolute radiographic measure-
ments of the spleen and when making comparisons 
between radiographic and ultrasonographic measure-
ments. That said, the correlation between radiographic 
and ultrasonographic measurements was not improved 
when radiographic magnification was accounted for.

Although the sample size of 100 cases helps account 
for abnormal outliers, the sample is only representative 
of a population of cats seen by the hospital with spleens 
that were visible on VD radiographic projections, and 
not necessarily healthy cats. In excluded cases, the major-
ity of the reasons that the spleen could not be identified 
on the VD projection were border effacement with peri-
toneal effusion, a decrease in serosal margin detail due to 
thin body condition and recent surgery leading to mixed 
peritoneal gas and effusion, abdominal mass and 
distension of the gastric lumen. These reasons further 
draw attention to the fact that the abdominal radio-
graphs included in this study were not all normal stud-
ies, absent of pathology. Furthermore, splenic cytology 
or histopathology was not inclusion criteria for this 
study. Imaging studies were not included if splenomeg-
aly had been diagnosed on the imaging report; however, 
no further efforts were made to ensure that the spleens 
evaluated in this study were absent of disease. Therefore, 
it should be noted that findings in this study are not rep-
resentative of a normal, healthy feline population and 
the data are not intended to provide a normal reference 
interval for splenic size. These data do provide a repre-
sentative example of the variable radiographic and 
ultrasonographic appearances of feline spleens at our 
teaching hospital during a given time period.



Johnson et al	 991

Sedation status was not considered as part of the inclu-
sion criteria in this study. In the first study measuring 
feline spleens on US, sevoflurane as the sole method of 
general anesthesia led to a statistically significant increase 
in height, width and cross-sectional area of the feline 
spleen. However, the changes were considered minimal 
and it was questioned whether they were clinically rele-
vant.4 Studies have been carried out to demonstrate 
canine splenomegaly secondary to anesthetic agents with 
variable results.14–16 It would not be fair to make similar 
assumptions about the feline spleen as histologic and 
physiologic differences in the feline spleen may alter its 
response to sedation. Theoretically, if the spleen size was 
altered owing to sedation, that proportion of change 
would be the same on both the radiographic and ultra-
sonographic measurements on those cats in which the 
imaging studies were performed consecutively under 
one dose of sedation, and would therefore not affect the 
degree of correlation between the two. Owing to the var-
iable methods of sedation used in the cats, and the retro-
spective nature of this study, we could not reliably 
classify the cases based on sedation status.

Conclusions
This study did not detect a significant correlation between 
radiographic and ultrasonographic measurements of the 
spleen. In this study, we have established three basic shape 
categories for identifying the feline spleen radiographi-
cally on the VD image. The radiographic splenic appear-
ance and method of measurement in cats determined by 
this study may serve as a comparison for future studies. 
More studies of the radiographic measurement of the 
feline spleen would be beneficial in establishing a stand-
ard method. The average splenic US measurements found 
in this study is similar to that found in previous studies of 
a normal feline population.
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