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The purpose of this study was to evaluate the clinical and imaging characteristics of canine splenic tumors and to establish guidelines for the 
presurgical assessment of splenic tumors in dogs. Fifty-seven dogs that underwent total splenectomy for the treatment of splenic tumors were 
evaluated by examining medical records, hematologic results, diagnostic imaging results, and histopathologic results. The maximum lesion 
size from ultrasonography was significantly different between malignant and benign tumors (p = 0.002). There was a correlation between 
tumor margination and type of splenic tumors (p = 0.045). Precontrast lesion attenuation on computed tomography was significantly different 
between splenic malignant and benign tumors (p = 0.001). The mean ± SD precontrast lesion attenuation of malignant tumors was 40.3 ± 5.9 
Hounsfield units (HU), and for benign tumors, it was 52.8 ± 6.8 HU. In conclusion, some variables of the imaging examination could be used 
to distinguish the type of splenic tumor. Based on the study results, using a diagnostic flowchart would be effective in increasing the survival 
rate of patients with splenic malignant tumors. In addition, fine needle aspiration or magnetic resonance imaging prior to surgical exploration 
and histopathologic examination may be useful in achieving a more accurate diagnosis.
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Introduction

Splenic tumors commonly observed in older dogs can be 
life-threatening. Clinical signs in dogs with splenic tumors 
range from specific signs such as acute collapse with splenic 
tumor rupture to non-specific signs such as weakness, anorexia, 
and lethargy [11]. Splenic tumors present a risk of metastasis 
and spontaneous rupture; therefore, it is important to obtain a 
quick and accurate assessment before treatment begins [2]. 
Splenic tumors are usually diagnosed by a combination of 
hematologic and imaging examinations [17]. In one study on 
splenic hemangiosarcoma, most dogs showed anemia, 
thrombocytopenia, and abnormal red blood cell morphology 
[15].

Ultrasonographic examination is used to evaluate 
preoperative splenic tumors and the hemoabdomen associated 
with neoplastic or non-neoplastic diseases before surgery. 
Non-neoplastic diseases include splenic or liver lobe torsion, 
trauma, gastric dilatation volvulus, or hepato-biliary disease 
[10]. Ultrasonography is sensitive to subtle changes or 

abnormalities in the spleen but is limited in its capacity to assess 
particular diseases [9,18]. The accuracy of imaging diagnosis 
has been greatly improved with the development of computed 
tomography (CT), which is, currently, widely used in veterinary 
medicine [7]. However, few studies describing the CT 
appearance of splenic masses in veterinary medicine have been 
reported [7,12].

Long-term prognosis of splenic tumors varies with the 
histopathologic results and, usually, such results are unknown 
prior to surgery [10]. Therefore, ultrasound-guided fine needle 
aspiration (FNA), biopsy, or both can be performed to preclude 
the need for surgery [3,9]. Surgeons can predict the prognosis of 
a patient and determine the appropriate treatment method by 
obtaining histopathologic results before surgery [8]. In dogs 
with suspected splenic hemangiosarcoma, clinicians may be 
hesitant to undertake splenic FNA because of the possibility of 
seeding tumor cells along the needle tract or causing iatrogenic 
splenic rupture [16].

The purpose of this study was to evaluate the clinical and 
imaging characteristics of splenic tumors in dogs and to 
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Fig. 1. Representative ultrasonography images of splenic tumors. 
(A) The maximal diameter of the tumor was measured on the 
longest axis of the mass (bidirectional arrow). (B) The lesion 
number was one; i.e., a solitary tumor. Heterogeneity was 
evaluated as homogeneous (C) or heterogeneous (D). 
Echogenicity was evaluated as hyperechoic (E) or hypoechoic 
(F). Margination was evaluated as regular (G) or irregular (*) (H).

Table 1. Evaluation variables of computed tomography images

Evaluation variable Description

Maximal transverse dimension of lesion mm2

Precontrast splenic parenchymal attenuation HU
Precontrast lesion attenuation HU
Relative lesion attenuation* HU
Arterial phase lesion attenuation HU
Arterial enhancement of lesion† HU
Delayed phase lesion attenuation HU
Delayed enhancement of lesion‡ HU

HU, Hounsfield units. *Precontrast lesion attenuation − Mean splenic 
parenchymal attenuation. †Arterial phase lesion attenuation − Precontrast 
lesion attenuation. ‡Delayed phase lesion attenuation − Precontrast 
lesion attenuation.

establish guidelines for presurgical assessment of canine 
splenic tumors.

Materials and Methods

Animals
Medical records of the Chungnam National University 

Veterinary Medical Teaching Hospital from 2012 to 2017 were 
reviewed. Dogs that received total splenectomy were included 
in the study. Dogs with no histologic examination results, with 
no presurgical examination results before splenectomy, and that 

received total splenectomy for reasons other than a splenic mass 
were excluded from the study. This study was conducted under 
the guidelines of the Institutional Animal Care and Use 
Committee at Chungnam National University. 

Medical records review
Data obtained from the medical records included clinical data 

such as signalment and hematologic results (complete blood 
count, serum biochemical profile). Hematologic results were 
recorded at least 1 week before surgery. Follow-up data were 
obtained from medical records or by telephone conversation 
with the owners. Survival time was defined as the longest 
follow-up period or time to death after splenectomy.

Ultrasonography examination
In this study, ultrasonographic examination was performed 

with ultrasound equipment (iU22; Phillips, USA). Standard 
abdominal ultrasonography was performed, and the echotexture 
of the spleen was analyzed. The following evaluation variables 
were recorded: maximal size of the tumor (cm), lesion number 
(solitary, multiple), heterogeneity (heterogeneous, homogeneous), 
echogenicity (hyperechoic, hypoechoic, isoechoic), and 
margination (regular, irregular) (Fig. 1).

CT examination
CT images were obtained by using one of two CT scanners 

(Alexion [Toshiba, Japan] or Asteion Super [Toshiba]). A 
standard CT scan technique was used to obtain pre- and 
postcontrast abdominal CT images under general anesthesia.

Image processing was performed using a commercially 
available software (Viewrex; Techheim, Korea). The maximal 
transverse dimension of each tumor was measured by using 
electronic calipers. The normal splenic parenchyma attenuation 
value in Hounsfield units (HU) was determined based on the 
mean of three 20-mm2 regions of interest (ROIs) placed in 
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Table 2. Signalment of dogs with splenic masses

No. of dogs Mean age (yr)
Sex (n) Mean body 

weight (kg)M MC F FS

Malignant tumor
  Hemangiosarcoma 6 13.0 1 3 1 1 5.3
  Lymphoma 4 13.8 1 – 2 1 7.1
  Histiocytic sarcoma 1 19.0 – – – 1 5.0
  Metastatic neoplasia 1 13.0 – – 1 – 8.9
Benign lesion
  Nodular hyperplasia 18 11.8 2 4 6 6 6.9
  Hematoma 4 13.5 1 2 – 1 13.5
  Congestion 4 14.3 – 1 3 – 10.6
  Splenitis 1 16.0 – – – 1 7.3
  Lipoma 1 13.0 – – – 1 5.2
  Hemangioma 4 13.0 1 1 2 – 6.2
Total 44 14.0 6 11 15 12 7.6

M, male; MC, castrated male; F, female; FS, spayed female.

regions of the parenchyma unaffected by mass lesions. 
Attenuation of the splenic mass was measured using the 
maximum circular ROI that could be fit to each mass. The same 
ROIs were used for pre- and postcontrast images. When there 
were two or more tumors, the largest tumor was analyzed. 
When a necrotic lesion was present, mass attenuation was 
evaluated based on the external areas of the lesion. The 
evaluation variables of CT images are listed in Table 1.

Statistical analysis
Statistical analysis was performed by using IBM SPSS 

software (ver. 24.0; IBM, USA). Independent t-tests were used 
to investigate significant differences between splenic malignant 
and benign tumors with respect to dog age. Fisher’s exact test 
was used to examine the relationship between hematologic 
results and type of splenic tumor. Fisher’s exact and linear- 
by-linear association tests were performed to examine the 
relationships between ultrasonography variables and splenic 
tumor types. The Mann-Whitney U test was used to investigate 
differences between malignant and benign splenic tumors 
with respect to CT variables and maximal tumor size from 
ultrasonography. Spearman’s correlation coefficient was used 
to investigate the relationship between splenic malignant tumor 
size and survival time. Statistical significance was defined as 
p ＜ 0.05. The Kaplan-Meier product-limit method was used to 
create survival curves for malignant and benign splenic tumors.

Results

In this study, 57 dogs met the inclusion criteria. Of those, 13 
dogs were subsequently excluded. Six dogs that had not 

undergone histologic examination were excluded, and a further 
six dogs were excluded because splenectomy was performed 
for a reason other than the presence of a splenic tumor. Finally, 
one dog that had no examination results before surgery was 
excluded. The final study population consisted of 44 dogs. 
Those 44 dogs underwent total splenectomy for the treatment of 
splenic tumors between 2012 and 2017. The number of patients, 
mean age, sex, and mean body weight according to each type of 
splenic tumor are summarized in Table 2.

There were 12 dogs with malignant splenic tumors. The mean 
± SD age for dogs with malignant tumors was 13.8 ± 4.3 years 
(median, 14.0 years; range, 3–19 years). There were 32 dogs 
with benign splenic tumors. The mean ± SD age for dogs with 
benign tumors was 12.7 ± 2.9 years (median, 13.0 years; range, 
4–16 years). There was no significant difference between 
malignant and benign splenic tumors with respect to age (Fig. 
2). The mean ± SD body weight for dogs with malignant splenic 
tumors was 6.2 ± 2.2 kg (median, 5.9 kg; range, 2.5–9.0 kg) 
while that for dogs with benign splenic tumors was 8.0 kg ± 7.3 
kg (median, 5.7 kg; range, 2.0–35.2 kg). Dogs with malignant 
tumors, by breed, were Shih-Tzu (n = 4), Maltese (n = 3), 
Yorkshire terrier (n = 2), Schnauzer (n = 1), and Cocker Spaniel 
(n = 1). Dogs with benign tumors, by breed, were Shih-Tzu 
(n = 9), Schnauzer (n = 5), mongrel (n = 3), Maltese (n = 3), 
Cocker Spaniel (n = 3), Poodle (n = 3), and one or two dogs from 
8 other breeds. Hematologic results were obtained for samples 
from 33 dogs. There were no correlations between hematologic 
results and the type of splenic tumor (Table 3).

Forty-four dogs had splenic ultrasonography images recorded. 
The maximum lesion size was significantly different between 
malignant and benign tumors (p = 0.002). The mean ± SD size 
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Fig. 2. Box-and-whisker plots of ages in dogs with benign or 
malignant splenic tumors. The boxes indicate the interquartile 
range, the horizontal lines within the boxes indicate the median
value, and the whiskers indicate the range.

Table 3. Hematologic findings of malignant versus benign 
splenic tumors

Variable
Malignant 
(n = 11)

Benign 
(n = 22)

p value

Anemia 0.117
  Present 6 (54.5) 5 (22.7)
  Absent 5 (45.5) 17 (77.3)
Thrombocytopenia 0.661
  Present 3 (27.3) 4 (18.2)
  Absent 8 (72.7) 18 (81.8)
Hypoalbuminemia 0.333
  Present 1 (9.1) 0 (0)
  Absent 10 (90.9) 22 (100)
Hypoproteinemia 0.252
  Present 2 (18.2) 1 (4.5)
  Absent 9 (81.8) 21 (95.5)

Data are presented as number (%).

Table 4. Ultrasonographic findings of malignant versus benign 
splenic tumors

Variable
Malignant 
(n = 12)

Benign 
(n = 32)

p value

Maximum lesion size 
  (diameter; cm)*

4.1 ± 2.3 
(2.6–5.6)

1.8 ± 1.7 
(1.2–2.4)

0.002

Lesion number† 0.136
    Solitary 9 (75.0) 16 (50.0)
    Multiple 3 (25.0) 16 (50.0)
Echogenicity† 0.261
    Hypoechoic 7 (58.3) 23 (71.9)
    Isoechoic 1 (8.3)   4 (12.5)
    Hyperechoic 4 (33.3)   5 (15.6)
Heterogeneity† 0.698
    Heterogeneous 10 (83.3) 23 (71.9)
    Homogeneous 2 (16.7)   9 (28.1)
Margination† 0.045
    Regular 4 (33.3) 22 (68.8)
    Irregular 8 (66.7) 10 (31.3)

*Data are presented as mean ± SD (95% confidence interval) . †Data are 
presented as number (%).

of the malignant tumors was 4.1 ± 2.3 cm while that for benign 
tumors was 1.8 ± 1.7 cm. There was a correlation between 
margination and type of splenic tumors (p = 0.045). Malignant 
splenic tumors showed irregular margins in 8 of 12 cases 
(66.7%), whereas benign tumors had regular margins in 22 of 
32 cases (68.8%). The number, echogenicity, and heterogeneity 
of splenic tumors did not correlate with the type of splenic 
tumor (Table 4).

Twenty-one dogs had splenic CT images recorded. 
Precontrast lesion attenuation was significantly different 
between malignant and benign splenic tumors (p = 0.001). The 
mean ± SD precontrast lesion attenuation of malignant tumors 
was 40.3 ± 5.9 HU while for benign tumors it was 52.8 ± 6.8 
HU. There were no differences between malignant and benign 

splenic tumors with respect to other CT variables (Table 5).
Twelve dogs underwent total splenectomies for splenic 

malignant neoplasia. Excluding one dog that died during 
surgery, the median survival time of the 11 dogs was 95 days 
(range, 8–164 days). Of those, the median survival time of 
splenic hemangiosarcoma dogs (n = 5) was 60 days (range, 8–
108 days), and the median survival time of dogs with other 
splenic malignant tumors was 103 days (range, 42–164 days). 
Thirty-two dogs with benign tumors underwent total 
splenectomies. The median survival time of the dogs that 
underwent splenectomy and were available for follow-up after 
splenectomy (i.e., 29 dogs) was greater than 25 weeks. Of those 
dogs, 20 were still alive at the time of final data collection.

The Kaplan-Meier survival curve shows the survival rate for 
splenic tumors. The two-year survival rate for benign tumors 
was 77.9%. The 15-week survival rate for malignant tumors, 
except hemangiosarcoma, was 40%, and 0% for 
hemangiosarcoma (Fig. 3). There was no correlation between 
tumor size and survival time (Fig. 4).

From the ultrasonography images, 95% of malignant splenic 
tumors were ＞ 2.5 cm in diameter, and 95% of benign tumors 
were ＜ 2.5 cm. The smallest malignant tumor was 2.0 cm, 
which can be considered a presurgical assessment criterion. 
Regarding margin evaluation, malignant splenic tumors had a 
higher incidence of irregular margins. Based on CT images, 
precontrast lesion attenuation was less than 47.6 HU in 95% of 
malignant tumors and greater than 49.1 HU in 95% of benign 
tumors. The highest precontrast lesion attenuation in malignant 
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Table 5. Size, attenuation, and postcontrast enhancement characteristics of malignant and benign splenic masses from computed 
tomography examination

Characteristics
Malignant (n = 5) Benign (n = 16)

p value
Mean ± SD 95% CI Mean ± SD 95% CI

Maximal transverse dimension of lesion (mm2) 1,216.2 ± 943.3 44.9–2,387.5 1,333.7 ± 2,216.7 152.5–2,514.8 0.208 
Precontrast mean splenic 
  parenchymal attenuation (HU)

   55.3 ± 10.9  41.8–68.8 61.6 ± 4.2  59.3–63.8 0.313 

Precontrast lesion attenuation (HU)  40.3 ± 5.9  33.1–47.6 52.8 ± 6.8  49.1–56.4 0.001
Relative lesion attenuation (HU) ‒15.0 ± 7.1 ‒23.7–6.2 ‒8.8 ± 7.2 ‒12.6–5.0 0.091 
Arterial phase lesion attenuation (HU)    64.6 ± 37.9  17.6–111.6 99.1 ± 30.4  82.9–115.3 0.075 
Arterial enhancement of lesion (HU)    24.3 ± 35.0 ‒19.1–67.6 46.3 ± 28.2  31.3–61.3 0.130 
Delayed phase lesion attenuation (HU)    74.9 ± 33.5  33.3–116.4 107.7 ± 29.5  92.0–123.4 0.062 
Delayed enhancement of lesion (HU)    34.5 ± 31.7 ‒4.9–73.9 54.9 ± 28.0  40.0–69.8 0.208 

CI, confidence interval; HU, Hounsfield units.

Fig. 3. Kaplan-Meier survival curves for dogs after splenectomy 
for malignant or benign splenic tumors. The 2-year survival rate 
for benign tumors was 77.9%, and the 15-week survival rates for
other malignant tumors was 40% and was 0% for 
hemangiosarcoma.

Fig. 4. Relationship between tumor size of malignant splenic 
tumors and survival time. There was no significant correlation 
between malignant tumor size and survival time in dogs (p = 
0.739).

tumors was 50 HU, which can be considered a presurgical 
assessment criterion. Based on the results of this study, a 
presurgical assessment flowchart for splenic tumor diagnosis in 
dogs was created (Fig. 5).

Discussion

In previous studies, the proportion of malignant splenic 
tumors and splenic hemangiosarcoma followed two-thirds, 
one-third or fifty-fifty rules [6,22]. In the present study, the 
proportion of dogs that underwent splenectomy that had benign 
splenic tumors (32/44, 72.7%) was notably higher than 
expected by those ‘rules’. In the present study, the proportion of 
malignant tumors was 27%, and, of that proportion, the 

proportion that was hemangiosarcoma was 50%. That outcome 
is inconsistent with those in other studies reporting on the 
incidence of benign and malignant splenic tumors in dogs. The 
difference may be due to bias in the selection of cases. In the 
present study, cases without histopathologic examination were 
excluded. In addition, cases with insufficient preoperative 
examination due to emergency procedures were excluded. 
Finally, cases were excluded if the owner did not want to 
provide further treatment for their dog.

There were no correlations between the hematologic results 
and the type of splenic tumor in this study. Whether hematologic 
results can be used to diagnose splenic malignant tumors has 
been a controversial issue [11,22]. Patients with anemia and 
nucleated red blood cells were more likely to have malignant 
tumors than benign tumors in a study of splenomegaly in dogs 
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Fig. 5. Proposed flowchart for presurgical assessment of splenic tumors in dogs. U/S, ultrasonography; CT, computed tomography; HU,
Hounsfield units; FNA, fine needle aspiration.

[11]. Anemia is potentially life-threatening, as it reduces the 
amount of oxygen delivered to the tissue. Several studies have 
reported that dogs with anemia (packed cell volume ＜ 30%) 
have a lower survival rate than dogs without anemia [11,23]. It 
has also been reported that malignant splenic disease and 
presence of hemoperitoneum have a negative association with 
survival time. However, malignancy was not associated with 
hemoperitoneum [5].

This study did not detect an association between age and 
splenic tumor type. In a previous study of 539 dogs for splenic 
masses, a lack of a significant correlation between age and 
perioperative death was reported [23]. These results suggest 
that the age of the patient is not a primary consideration for 
surgical decision making.

Excluding tumor margination results, our results did not 
reveal correlations between ultrasonography variables and type 
of splenic tumor. Ultrasonographic images are sometimes 
inconclusive for the diagnosis of splenic tumors because 
malignant, and benign splenic tumors may show similar 
echogenicity patterns while tumors with the same histologic 
type may show different echo patterns [21]. Accordingly, 
splenic tumors present with various appearances and that can 
make it difficult to distinguish the type of splenic tumor by 
ultrasonography alone [20].

This study showed that the precontrast lesion attenuation of 
most splenic malignant tumors was lower than 50 HU in CT 
examinations. This result was similar to that of a previous study, 
which reported the pre- and postcontrast lesion attenuation 
levels of most malignant splenic tumors were lower than 55 HU 

[7].
A previous study in humans showed that magnetic resonance 

imaging (MRI) is superior to contrast-enhanced CT for the 
detection and characterization of splenic lesions [13]. In a study 
of MRI results for focal splenic and hepatic lesions in dogs, the 
overall accuracy in differentiating malignant from benign 
tumors was 94.3% (33 of 35 lesions) [4]. These results suggest 
that the use of MRI can increase the accuracy of splenic tumor 
diagnosis in dogs.

In this study, dogs with benign splenic tumors survived for a 
long time after splenectomy. At the time of final data collection, 
approximately 70% of dogs had survived. Because necropsy 
was not performed, the exact cause of death was unknown as 
was the proportion of the deaths that was associated with 
splenectomy. Side effects of splenectomy are known to include 
exercise intolerance, insufficient response to reduced cardiac 
output, decreased response to hypoxia, and susceptibility to 
erythrocyte parasitism [6,19]. After splenectomy, the median 
survival time of dogs with non-neoplastic splenomegaly was 
reported to be greater than 36 weeks [11]. Dogs with malignant 
splenic tumors generally have a grave prognosis. At the time of 
final data collection, all dogs were dead, and the median 
survival time was 95 days. This result is consistent with those in 
other studies that reported on the prognosis of splenic 
hemangiosarcoma in dogs; the median survival time for dogs 
with splenic hemangiosarcoma treated with surgery alone was 
reported to be 75 to 86 days [8,24].

We observed that the Spearman’s correlation coefficient 
between malignant splenic tumor size and survival time was not 
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significant. However, the size of the splenic tumor can be a 
consideration in surgical decision making. According to the 
trend observed in this study, a large splenic tumor size is likely 
to indicate a malignant tumor, and a large tumor size poses a risk 
of hemorrhage due to spontaneous rupture and the possibility of 
metastasis. One study demonstrated that dogs with benign 
splenic masses had higher mass-to-splenic volume ratios and 
higher splenic weight as a percentage of body weight than those 
in dogs with hemangiosarcoma [14].

FNA can provide additional data useful in characterizing the 
type of splenic tumor. In human study, a low complication rate 
(15/298, 5.0%) and an accurate diagnosis rate (253/298, 84.9%) 
based on FNA results have been reported [3]. In veterinary 
medicine, no complications of the aspiration procedure have 
been reported, but an accurate diagnosis was reported in only 19 
of 31 (61.3%) cases [1]. Despite the low complication rate, 
there are also several disadvantages to FNA. First, successful 
aspiration depends on the proficiency of the aspirator and the 
ability of the ultrasonographer. Second, obtaining accurate 
cytologic interpretations after aspiration may be difficult 
because obtaining accurate underlying tissue samples may be 
challenging. Finally, the relative accuracies of cytologic and 
histologic evaluations of the spleen may vary. For example, in 
an assessment of 17 malignant splenic tumors, only 8 
cytological malignancy results were consistent with the 
histopathologic results [1]. Furthermore, mis-sampling or 
incomplete sampling may not distinguish malignancy. In 
addition, care must be taken when performing the FNA 
procedure for assessment of cavitary splenic lesions to prevent 
hemorrhage or seeding.

This study had several limitations. The main limitation of this 
study is related to its retrospective nature. Histories, clinical 
signs, and physical examinations were often incompletely 
described in the medical records. Another limitation of this 
study is its small sample size. Finally, there was subjective 
assessment used in obtaining the ultrasonography data. If more 
objective assessment can be obtained from ultrasonography, 
more accurate results can be expected.

In conclusion, some variables (i.e., precontrast lesion 
attenuation, margination type, and maximum lesion dimension) 
in the diagnostic imaging examination results examined in this 
study detected significant differences between malignant and 
benign splenic tumors. Ultrasonography and CT are useful in 
distinguishing tumor type, and we have included them in a 
diagnostic flowchart based on the results of this study (Fig. 5). 
In addition, diagnostic modalities, such as FNA or MRI, may be 
useful in reaching a more accurate diagnosis before surgical 
exploration and histopathologic examination, and FNA has 
been included in this study’s flowchart can be effective in 
providing an early diagnosis of malignant splenic tumors and 
could increase the survival rate of patients with malignant 
splenic tumors.
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