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The effects of the different type of spleen neoplastic disease on red blood cells (RBCs), mean
corpuscular volume (MCV), and platelet count (PLT) are unknown. We examined 88 dogs (n=88)
with benign (GB) or malignant (GM) spleen neoplasia and examined variations in RBCs, MCV, and
PLT before(M1), 48 hours after(M2), and 8 days after total splenectomy surgery(M3). Overall,
between M1 and M2, RBCs decreased by 12.7%, MCV increased by 0.7%, and PLT increased by
74.3%; between M1 and M3, RBCs decreased by 4.11%, MCV increased by 2.04%, and PLT
increased by 129.82%. Variations across M1-M3 for GB and GM patients were, respectively, a 7.14%
increase and 15.28% decrease in RBCs, 2.12% and 1.87% increases in MCV, and increases of
248.16% and 103.15% in PLT. We concluded that the type of spleen neoplastic disease does not
influence in a statistically significant manner the RBC, MCV, and PLT variations in dogs that
underwent total splenectomy.
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INTRODUCTION

The spleen is a falciform, long, and narrow organ integrated in
the immune system, usually located at the left cranial
abdominal quadrant below the costal arch (Dyce et al., 1997,
Fossum, 2007; Tillon, 2003). The spleen consists of a white
pulp with lymph follicles presenting normal phagocytic and
lymphogenic properties, intimately related with the splenic
arteries, a red pulp composed of the tissue that fills the inter-
vessel spaces and venous sinusoids, which are closely
associated with the veins (Fossum, 2007; Ellenport, 1986).
Among other functions, the spleen is an important blood
reservoir which may contract to increase blood and cellular
volume, particularly for the erythrocytes and platelets,
releasing blood with high hematocrit (with values of around
80% to 90%) (Dellman and Brown, 1976; Dernell, 2005; Otero
et al., 2004; Carneiro and Donald, 1977; Christopher, 2003;
Young, 2007).
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The spleen presents a high prevalence of benign and malignant
primary tumours, and is subject, to a lesser extent, metastasis
processes, which manifest mostly as nodule formation. In dogs,
43% to 75% of splenomegaly cases are associated with
neoplastic diseases, requiring partial or total splenectomy (Fry
and McGavin, 2007; McGavin et al., 2001; Dobson, 2003;
Morris and Dobson, 2001). Following removal of the total
spleen, changes in the patient’s blood are commonly noted,
involving the red blood cells (RBCs) and the platelets (PLTs)
(Couto, 1998; Autran de Morais and O’Brien,2005; Schilling et
al., 2008). The study aimed to: 1) evaluated the RBC,
corpuscular mean volume (MCV), and PLT variations over 3
different time points: M1 (before surgery), M2 (48 hours after
surgery), and M3 (8 days after surgery) in total splenectomised
patients; and 2) to determine if benignancy or malignancy of
the tumour influenced these parameters.

MATERIALS AND METHODS

The study was developed in a sample of 88 Canis familiaris
adults (n=88) of both genders (54.5% females and 45.5%
males), with an average age of 10 years evaluated at Anjos of
Assis Veterinary Medicine Centre (CMVAA), with a diagnosis
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of spleen pathology, confirmed with ultrasound image and
fine-needle aspirative puncture. All patients were submitted to
total splenectomy intra-abdominal surgery, with histopathology
results dividing the sample into two different groups, according
to the type of neoplastic disease: benign spleen neoplastic
disease (GB) and malignant spleen neoplastic disease (GM).
Inclusion criteria were: specimens were up-to-date for
vaccinations and internal and external deworming, and
negative for haemoparasites.

Three different time points were considered: M1, M2, and M3,
to evaluate the RBC, MCV, and PLT variations. Pre-surgical
therapeutic protocol comprised the use of
amoxicillin/clavulanic acid (10 mg/kg), metronidazol (10
mg/kg), buprenorphine (0.02 mg/kg), and intra-surgery
methylprednisolone succinate (1 mg/kg). Anaesthesia induction
used propofol (4mg/Kg), and maintenance was achieved with
isoflurane. Data were collected and we used SPSS Statistics
software for statistical analyses. Because normality was not
always present, we used the non-parametric Friedman and the
Mann-Whitney tests to compare RBC, CVM, and PLT
variations between the 3 time points. Results were considered
significant for p-values <0.05.

RESULTS

Statistical analyses for sample characterisation and RBC,
MCYV, and PLT variations over M1, M2, and M3, and between
GB and GM, are presented in Table 1. GB represented 25.0%
of the processes, mainly represented by follicular hyperplasia,
and GM represented 75.0% of the cases, primarily lymphoma
(Figure 1). No significant statistical differences were observed
for the RBC, MCV, and PLT between M1, M2, and M3, and
no differences were registered between their variations in GB
and GM (Figure 2, 3, 4).

DISCUSSION

According to the results, the most representative breed was the
Boxer (27.3%), followed by the Poodle, then the Belgian
Shepherd and Golden Retriever (18.2% for both), different
from the studies of Spangler and Culbertson (Spangler and
Culbertson, 1992) and Spangler et al. (1994), in which the
German Shepherd was the breed with the highest incidence of
spleen pathology and the second position was occupied by the
Golden Retriever. The average age of the patients with splenic
disease was 10 years old, in accordance with the Gamlem et
al.(2008) study, which mentions that this type of disease is
more frequent in patients more than 6 years old.

Contrary to the Gamlem et al. (2008) study, females (54.5%)
were more affected than males (59.4%). Spangler and Kass
(1997) classified spleen diseases into non-neoplastic and
neoplastic, and the latter was classified as benign or malignant.
According to the results, a higher prevalence of malignant
neoplasia (75.0%) was found, compared to the benign
neoplasia (25.0%), in agreement with the results of the
Spangler and Kass (1997) and Gamlem et al. (2008), with
values of 89.0% and 84.54% for malignant neoplastic diseases,
and 11.0% and 15.46% for benign neoplasia, respectively.
Concerning the process characterization, the study results are
in line with those developed by Culbertson and Spangler
(1992) and Spangler and Kass (1997).

Malignancy showed a higher prevalence, led by lymphoma,
with a value of 27.3%, which can be directly related to the fact
that the Boxer was the most common breed in this study and
this breed presents a greater prevalence of this disease at all
ages (from under 6 months of age until up to 15 years)
(Spangler and Klass, 1997; Ettinger, 2003; Gavazza, et al.,
2009; Smith, 2003; Sankhauser et al., 2004).

Table 1. Characterization of red blood cells (RBC) mean corpuscular volume (MCYV),
and platelets (PLT) variations over the 3 considered time points M1, M2, M3

Variations of the parameters over time points M1, M2, M3

Parameter N Test TP

X +sD
RBC 88 - Ml 436 +1.96
(x1076/ul) 88 - M2 3.64 +1.43
88 - M3 3.73 +£1.56
88 Friedman - -
88  Mann- M1 vs M2 -
88  Whitney M1 vs M3 -
88 M2 vs M3 -
MCV 88 - Ml 62 £6.51
(fL) 88 - M2 62.36 £5.99
88 - M3 63.18 £6.39
88  Friedman - -
88  Mann- M1 vs M2 -
88  Whitney M1 vs M3 -
88 M2 vs M3 -
PLT (x10"3/ 88 - Ml 230.82+198.62
ul) 88 - M2 278.91+183.73
88 - M3 337.18+209.18
88  Friedman - -
88 Mann- M1 vs M2 -
88  Whitney M1 vs M3 -
88 M2 vs M3 -

min max df 1 Asymp. Sig  p-value  U-
value

2 9 - - - <0.00 -

2 6 - - - <0.00 -

1 6 - - - <0.00 -

- - 2 11.14*  0.62

- - - - - 0.69 89.0*

- - - - 0.72 90.0*

- - - - - 0.77 91.5%

49 72 - - - <0.00 -

50 71 - - - <0.00 -

50 72 - - - <0.00 -

- - 2 471 0.03 - -

- - - - - 0.23 66.0%*

- - - - - 0.94 89.0%*

- - - - - 0.35 77.5%

38 600 - - - 0.31 -

83 630 - - - 0.04 -

160 811 - - - 0.02 -

- - 2 12.28%  0.70 - -

- - - - - 0.24 72.0%*

- - - - - 0.28 74.5%

- - - - - 0.80 92.0*

Sample (N); Data mean ( X ) and dispersion (SD) measures obtained in a 95% confidence interval, presenting the minimum (min) and maximum (max) values
in the 3 surgical time points (TP) considered: M1 (before surgery), M2 (48 hours after surgery), and M3 (8 days after surgery). Degrees of freedom (df)

¥ The critical value of y* at p< 0.05 is < 5.99
*The critical value of U at p< 0.05 is 55.
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Primanly spleen lvmphoma (X40)

Higher magnification (X 100}

Figure 1- Primarily spleen lymphoma. It is possible to verify the infiltration of the spleen structure by large number of neoplastic
lymphoid cells (H&E, X40). Higher magnification of the previous picture, being possible to observe the infiltrated lymphoid
population homogeneity, and a large number of megakaryoblasts indicating extramedullary hematopoiesis (H&E, X 100)
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Figure 2- Distribution of red blood cells, mean corpuscular volume, and platelets on the 3 considered time points: M1 (pre-
surgery), M2 (48 hours after surgery), and M3 (8 days after surgery)
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Figure 3- Red blood cells, mean corpuscular volume, and platelets mean percentage variations in time points M2 (48 hours after
splenectomy) and M3 (8 days after splenectomy) respect to M1 (pre-operative) values
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Figure 4- Red blood cells, mean corpuscular volume, and platelets number percentage variation according to the type of spleen
neoplastic disease (benign or malignant) presented in M1 (pre-operative), M2 (48 hours after splenectomy), and M3 (8 days after
surgery)

Between M1 and M2, we observed a 12.7% decrease in the
amount of RBCs, a 0.7% increase of in the MCV, and a 74.3%
increase in the number of PLTs, in agreement with studies by
Hayes et al. (1963), Schalm et al. (1975), Athens ef al. (1993),
and Khan et al. (2009), resulting from spleen sequestration of a
considerable volume of blood during patient anaesthesia,
maintaining its important function as a blood reservoir
(Athens,1993), and because total splenectomy is associated
with a significant loss of blood volume and its figurative
elements (Schalm et al.,1975; Athens, 1993; Waldmann et al.,
1960).

Comparing the studied parameters and their variations between
M1 and M3, RBCs decreased by 4.11%, MCV increased by
2.04%, and PLTs increased by 129.82%, as in previous studies.
These increases may be related to a positive response from the
bone marrow to anaemia and the therapeutic protocol. The
MCYV increase from its baseline in M1 can be explained by the
fact that the spleen is responsible for sequestration of the
physiological reticulocytes until they reach a mature state, at
which its volume reduces. After a total splenectomy,
sequestration of RBCs ceases and thus the reticulocytes’
volume reduction process no longer occurs, resulting in an
increase of MCV and other leptocytic forms. The PLT number
increase may extend over 15 weeks after splenectomy, and may
persist for a period of months or even years, because
splenectomy leads to the development of a reactive
thrombocytosis, allowing the spleen to concentrate about 1/3 of
the all available PLTs in the body.

The differences occurring in these parameters between GB and
GM reflect the evolution from an anaemic state revealed at M1,
noting that most of GB individuals showed a positive trend
regarding the recovery of the existing anaemia, contrary to
what was seen with GM individuals. This may be due to a
possible development of a haematologic paraneoplastic
syndrome, which complicates the recovery of anaemia in GM,
even leading to their deterioration. The development of
anaemia is the most common paraneoplastic syndrome present
in dogs, with a prevalence of 30.0% to 40.0% in this specie
with malignant lymphoma and 69.0% in dogs with
hemangiosarcoma, which in GM had a prevalence of 50.0%
and 16.7%, respectively (Gaschen and Teske,2005). For the
PLTs, the difference between GB and GM may be explained

by the presence of the haematologic paraneoplastic syndrome
related to thrombocytopenia, due to a marked difficulty in
reaching a PLT increase after total splenectomy. The
phenomenon of thrombocytopenia occurs, according to
Gaschen and Teske (2005), in 50.0% of dogs with lymphoma
and is even considered, according to Gould and Sara (2003), as
the most frequent laboratory sign of this disease in dogs, which
had a prevalence of 50.0% among GM individuals. Although
clinically present, variations in the RBCs, MCV, and PLTs
between GB and GM, along M1, M2, and M3 were not
statistically significant, allowing us to conclude that the type of
neoplastic disease present in spleen (benign or malignant) does
not influence, in the first 8 days after a total splenectomy, the
type of variations that occur in the patients’ RBCs, MCV, and
PLTs.
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