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Kidney disease that affects bitches with pyometra may lead patients to develop chronic
renal failure even after pyometra treatment. Therefore, several studies have sought to clarify
the gaps in the understanding of the pathogenesis of renal injury in pyometra. [dentification
of early detection markers for renal damage, which can predict and identify the prognosis
of the disease, is very important. Proteinuria analysis can diagnose kidney damage, since
proteins such as albumin are not filtered through the glomerulus and those that undergo
glomerular filtration are almost completely reabsorbed by tubular cells. The objective of
this study was to evaluate whether the urinary protein-to-creatinine ratio (UPC) can detect
renal injury in bitches with pyometra before development of azotemia. For this, 44 bitches
with pyometra were divided into two groups: bitches with azotemic piometra (A, n=15,
creatinine >1.7) and bitches with non-azotemic pyometra (NA, n=29). The two groups were
compared to the control group (CG, n=12), which had no signs of systemic disease. All animals
underwent blood and urine tests. Leukocytosis was more evident in bitches in the A group
than in the other groups. This shows that the inflammatory response may be associated with
the pathogenesis of renal injury. The median UPC in bitches with pyometra was significantly
higher than in the CG, with a median above the reference values. In conclusion, the UPC can
be used in bitches with pyometra to detect renal damage before the development of azotemia.
It has been suggested that the UPC of bitches with pyometra should be followed through
during the postoperative period so that permanent renal lesions secondary to pyometra can
be diagnosed and treated properly before the development of azotemia.

INDEX TERMS: Protein, creatinine, urinary, renal injury, canine pyometra, UPC, cystic endometrial
hyperplasia, proteinuria, bitches, dogs, surgery.

RESUMO.- [Relacido proteina-creatinina-urindria no
diagnéstico precoce de lesdo renal em cadelas com
piometra.] A doenca renal que afeta cadelas com piometra
pode levar a insuficiéncia renal cronica mesmo ap6s o
tratamento. Portanto, varios estudos procuraram esclarecer
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as lacunas na compreensao da patogénese da lesdo renal
na piometra. A identificacdo de marcadores de lesdo renal
precoce, que podem prever e identificar o prognoéstico da
doenca é muito importante. A analise da proteintiria pode
diagnosticar lesdo renal, uma vez que proteinas como a
albumina ndo sao filtradas através do glomérulo e aquelas
que sofrem filtragdo glomerular sdo quase completamente
reabsorvidas pelas células tubulares. O objetivo deste estudo
foi avaliar se a relacdo proteina-creatinina urinaria (UPC)
pode detectar lesdo renal em cadelas com piometra antes
do desenvolvimento de azotemia. Para isso, 44 cadelas com
piometra foram divididas em dois grupos: cadelas com piometra
azotémica (A, n=15, creatinina >1,7) e cadelas com piometra
ndo azotémica (NA, n=29). Os dois grupos foram comparados
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ao grupo controle (CG, n=12), que ndo apresentaram sinais
de doenca sistémica. Todos os animais foram submetidos a
exames de sangue e urina. A leucocitose foi mais evidente nas
cadelas do grupo A do que nos outros grupos. Isso mostra que
a resposta inflamatéria pode estar associada a patogénese
dalesdo renal. A mediana da UPC em cadelas com piometra
foi significativamente maior que no CG, com uma mediana
acima dos valores de referéncia. Em conclusdo, a UPC pode ser
usada em cadelas com piometra para detectar lesdes renais
antes do desenvolvimento de azotemia. Sugeriu-se que a UPC
de cadelas com piometra deve ser acompanhada durante o
pos-operatdrio, de modo que as lesdes renais permanentes
secundarias a piometra possam ser diagnosticadas e tratadas
adequadamente antes do desenvolvimento de azotemia.

TERMOS DE INDEXACAO: Proteina, creatinina, sistema urinario,
lesdo renal, cadelas, piometra, UPC, hiperplasia endometrial cistica,
proteinuria, caninos, cirurgia.

INTRODUCTION

Canine pyometra mainly affects adult and elderly bitches
during diestrus after uterine contamination by bacteria of the
vaginal microbiota during estrus. In this period of the estrous
cycle, the bacteria find a favorable uterine environment that
is affected by cystic endometrial hyperplasia (Hagman 2004,
Pretzer 2008, Verstegen et al. 2008). Escherichia coli is the
Gram-negative bacteria most frequently isolated, since it has
virulence factors that facilitate its adhesion in the endometrium
under the influence of progesterone (Hagman & Kuhn 2002,
Bassessar et al. 2013, Hagman 2017).

Renal damage is common in bitches with pyometra, but it
isnot fully understood yet. The theory that glomerulonephritis
occurs secondary to the deposition ofimmunocomplexes that
are formed because of the inflammatory response, which are
triggered by the excess of E. coli antigens, has been accepted for
alongtime (Johnston etal. 2001, Fieni 2006). However, with the
development of new renal injury markers that have the capacity
to identify the affected renal compartment, this pathogenesis
has been contested. The hypothesis that has been most accepted
in the last decade is that involving glomerular and tubular
renal injury, but there is no evidence of glomerulonephritis
(Heiene et al. 2007, Maddens et al. 2010, 2011).

Renal insufficiency that developed during pyometrais one of
the main prognostic factors of the affection (Kuplulu et al. 2009,
Sant’ Anna et al. 2014). Therefore, the search for markers of
early renal damage that may predict the evolution of the disease
is necessary, since serum creatinine, which has low sensitivity,
is still the most commonly used marker in the clinical routine
to detect this change in bitches with pyometra (De Loor et al.
2013, Pressler 2013).

In this context, the urine is easy to collect, and contains
small amounts of protein; persistent proteinuriais related to a
worse prognosis in patients with chronic kidney disease (Grauer
2005,2011). The study of proteinuria during the development
of pyometra and the comparison of patients with different levels
of renal damage can provide importantinformation about the
evolution of the disease, since a portion of patients remain
proteinuria even after clinical recovery, being at elevated risk
in the development of chronic renal failure.

The aim of this study was to evaluate whether urinary
protein-to-creatinine (UPC) can detect renal injury in bitches
with pyometra before the development of azotemia.

MATERIALS AND METHODS

Ethics statement. All the procedures in this study were submitted
and approved by the animal ethics and experimentation committee.

Animals. The study included 44 bitches with pyometra and
12 bitches with no systemic symptomatology (control group).
No breed was over-represented. The bitches with pyometra received
clinical support and surgical treatment according to the clinical
routine adopted for the treatment.

The diagnosis of the infection was based on patient history
and clinical examination, and hematological exams and abdominal
ultrasonography performed at the admission of the patients and
confirmed during the surgical procedure.

The inclusion criterion for the pyometra group was diagnosis
based on the tests used. Exclusion was based on suspected or
confirmed concomitant disease.

The inclusion criteria for the control group were intact bitches,
adult or elderly, who sought hospital care for surgeries, such as
elective ovariohysterectomy (OH), unilateral mastectomy due to single
mammary neoplasia (less than 3cm), and periodontal treatment.
Exclusion criteria for this group were when any systemic clinical
abnormality was identified during anamnesis, general physical
examination, blood count and plasma biochemistry (creatinine,
alamino aminotransferase and glucose) performed at admission.

Bitches with pyometra were divided into two groups based
on plasma creatinine levels and were considered azotemic when
creatinine was greater than 1.7mg/dL. The pyometra non-azotemic
group (NA) consisted of 29 bitches and the pyometra azotemic group
(A) contained 15 animals. A third group was formed by 12 bitches
in the control group (CG).

The mean age of the NA dogs was 8.0+4.0 years, the A dogs was
10.0+3.0 years and the CG was 9.5+3.0 years. The mean weight of the
NA dogs was 16.0kg, the A dogs was 14.5kg and the CG was 11.0kg.
Both age and weight were not significantly different between groups.

All patients underwent blood collection by puncture of the
external jugular vein at admission. The sample was placed in a tube
containing EDTA and sent to the laboratory for testing (complete
blood count and creatinine, alanine aminotransferase and glucose
dosage). The blood count result was used in the tabulation of the
data and the biochemical results for the inclusion and exclusion
criteria of the animals. Subsequently, all animals underwent a new
blood collection after anesthetic induction with propofol. This sample
was used to obtain the serum, after centrifugation for 5 minutes at
1,500g. The resulting supernatant was stored at -20°C for evaluation
of serum biochemistry.

Urine collection was performed by trans-surgical cystocentesis
for bitches with pyometra or bitches of the CG group that passed
through OH. Ultrasound-guided cystocentesis was used in the other
bitches of the CG. After urinalysis, the supernatant was stored at
-20°C, which was used for UPC.

The UPC was performed only on urine samples without sediment.
As an exclusion criterion, samples with more than five leukocytes
and/or erythrocytes per field in the urinary sediment analysis were
not included in the UPC assessment. The urinary density analysis
was not performed in this study, since bitches with pyometra were
given fluid therapy before the surgical procedure.

Hematology, biochemistry, urinalysis and UPC. The globular
volume, hemoglobin, total red cell count and total leukocyte count
were performed in an automated hematological analyzer. The
differential leukocyte count was performed on a blood smear with
Romanowisky-type staining (Fast Panoptic, Laborclin®, Pinhais,
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Brazil) together with platelet estimation, which was averaged over
five observed fields.

The determination of alanine aminotransferase (ALT), alkaline
phosphatase (ALP), urea, creatinine and urinary creatinine were
performed by the kinetic method. Proteins were determined by
the biuret method for total protein, the colorimetric method using
pyrogallol red for urinary protein and the colorimetric method for
albumin, all with spectrophotometer reading (BS-120 Mindray®,
China). The UPC was calculated by dividing the urinary protein by
the urinary creatinine (Thrall 2007).

The urinalysis was performed to evaluate the urinary sediment,
which was obtained after centrifugation for 5 minutes at 1,500g and
visualization of the sediment under a Neubauer camera microscopy.
RBCs, leukocytes and bacteria were expressed in number per field.

Statistical analysis. The variables were analyzed using the
statistical program Bioestat 5.0. Variables were tested for distribution
by the Shapiro Wilk test. ANOVA followed by Tukey’s test compared
the variables with normal distribution (red blood cells, hematocrit
and hemoglobin). Variables that did not present a normal distribution
(albumin, total proteins, ALT, FA, urea, creatinine, urinary protein,
urinary creatinine and UPC) were compared by the Kruskal Wallis
test followed by the Dunn test. The level of significance was p<0,05.

RESULTS

Hematological parameters were different between the groups
of bitches with pyometra and the CG (Table 1). Among the
hematological variables of the red series, the number of red
blood cells, the hemoglobin level and the globular volume were
smaller in the NA and A groups compared to the control group,
but there was no difference between the NA and A groups.
The median, total leukocytes, segmented neutrophils and
band neutrophils were significantly higher in bitches with
pyometra than in the CG. In addition, the median total and
segmented leukocytes of group A were higher than in the
NA group. The number of lymphocytes and platelets was not
different between the groups, although the median number
of platelets in group A was lower than the normal reference
value for the canine species (Thrall 2007).

Among the biochemical parameters, serum albumin was
significantly lower in dogs with pyometra than in the CG group,
but there was no difference between the NA and A groups
(Table 2).

The urinary creatinine concentration was significantly
higher in the control group than in the NA group, but there
was no difference between the NA and A groups. On the other
hand, the concentration of the urinary protein of group A was
higher than in the NA group and in the CG group (Table 3).

The median of the UPC in the control group was 0.23,
ranging from 0.14 to 0.49. Therefore, all patients presented
with a UPC within the reference values (Table 3). The NA group
had a median UPC of 0.95, ranging from 0.02 to 5.53. In this
group, 8/21 (38.1%) presented a UPC <0.5, 4/21 (19%),
ranging from 0.5 to 1, while 9/21 (42.8%) presented UPC >1.

DISCUSSION

Studies comparing the erythrogram parameters between
bitches with pyometra and healthy bitches also have found
similar findings (Hagman et al. 2006, Emanuelli et al. 2012).
Bitches with pyometra developed mild to moderate anemia,
since the mean globular volume of the NA and A groups
were smaller than the bitches of the CG and lower than the
reference values (Table 1). Anemia in canine pyometra is due to
endotoxemia and sepsis secondary to uterine infection, which
promotes decreased red blood cell survival and decreased bone
marrow response to erythropoietin and is usually classified
as moderate, aregenerative, normocytic and normochromic
anemia (Pretzer 2008, Verstegen et al. 2008).

Leukocytosis in pyometra is characterized by an important
regenerative deviation marked by the presence of rods
in the circulation in response to infection, although in
severe and/or chronic cases, leucopenia with degenerative
deviation can be observed, indicating bone marrow depletion
(Emanuelli etal. 2012, Hagman 2017). Acute renal disease may
be due to decreased tissue perfusion associated with septic
shock, and ischemic processes usually lead to tubular renal
damage, as this part of the nephron is more metabolically
active (Grauer 2005). Therefore, the association of more

Table 1. Erythrogram variables, expressed as the mean and standard deviation and leukocytes, expressed as median,
minimum and maximum, and compared between the non-azotemic pyometra, azotemic pyometra and control groups

Hematologic parameters Non-azotemic Azotemic Control
gicp (n=29) (n=15) (n=12)
Blood cells (x10°) 5.05 (¥1.90)* 5.45 (¥1.50)* 7.27 (£1.09)8
Hemoglobin (g/dl) 10.7+ 4.24 11.6 +3.1* 16.1 +2.1%
Globular volume (%) 33.8+8.2% 33.4+£9.04 47.1+5.98
Total leukocytes (m/mm?) 26,4004 43,5008 8,650¢
(9,100-75,600) (18,700-101,300) (5,500-16,660)
Segmented (m/mm?) 18,4274 35,0028 6,142°¢
(3,549-70.560) (10,285-75,975) (3,294-13,446)
Bands (m/mm?) 7604 1.3474 08
(0-11,022) (0-15,195) (0-282)
Lymphocytes (m/mm?) 2,526 2,694 1,494
(1,088-7,384) (959-9,117) (880-2,852)
Platelets (m/mm?) 225,000 166,000 250,000

(28,000-990,000)
AB.C Different letters between columns show significant difference.
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Table 2. Biochemical variables expressed in median, minimal and maximal and compared between the non-azotemic,
azotemic and control groups

Biochemical parameters Non-azotemic Azotemic Control
p (n=29) (n=15) (n=12)
Albumin (g/dl) 1.64 1.74 2.28
(1.2-3.7) (1.0-2,7) (1.3-2.7)
Total proteins (g/dl) 6.3 6.3 5.4
(4.4-10.5) (3.6-9.7) (3.6-6.8)
FA (U/L) 81 142 335
(36-1,173) (30-942) (22-500)
ALT (U/L) 114 74 32.58
(4-95) (2-316) (16-168)
Creatinine (mg/dl) 0.9% 3.38 0.7%
(0.5-1.5) (1.5-11.1) (0.3-1.6)
Urea (mg/dl) 274 1158 40¢
(19-59) (53-445) (25-96)

AB.C Different letters between columns show significant difference.

Table 3. Urinary parameters, expressed as median, minimum and maximum, and compared between the non-azotemic,
azotemic, and control groups

Urinary parameters Non-azotemic Azotemic Control
yp (n=21) (n=6) (n=11)
Urinary creatinine (mg/dl) 42.54 8548 1458
(7.5-175) (27.5-217.5) (40-345)
Urinary protein (mg/dl) 34.44 114.48 38.34
(1.2-167.2) (79,4-252,3) (10.4-97.6)
UPC 0.954 1.674 0.238
(0.02-5.53) (0.52-3.02) (0.14-0.49)

AB.CDifferent letters between columns show significant difference.

severe leukocytosis in azotemic patients found in this study
may indicate that renal hypo-perfusion secondary to sepsis
is an important mechanism of worsening renal injury in
bitches with pyometra.

Dogs with sepsis may develop thrombocytopenia due to
the formation of platelet aggregates secondary to the action
oflipopolysaccharides and interaction with neutrophils (Li &
Chan 2016), justifying the findings about lymphocytes and
platelets.

Hypoalbuminemia in bitches is an inflammatory condition
of infectious origin, mainly by Gram-negative bacteria, which
may occur secondary to decreased liver production and/or
increased vascular permeability, both due to the release of
endotoxins (Greiner et al. 2008).

The difference found in creatinine and urea values between
groups NA and A was expected, since the groups were formed
based on creatinine values (Table 2). This is the differential
of this study, with a significant number of bitches with
non-azotemic and azotemic pyometra. Therefore, this allows
the evaluation of UPC as a marker for early renal damage in
bitches with pyometra.

Kidney damage caused during canine pyometra has long
been credited to the formation of immune complexes in
the circulation and subsequent deposition in the basement
membrane of the glomerulus, causing glomerulonephritis
(Johnston etal. 2001, Fieni 2006). However, this concept has
been well-studied. Through the histopathological analysis

of renal biopsies and the use of biomarkers of renal injury,
studies have found that the renal compartment that is most
affected in bitches with pyometra are tubular cells, and
that the glomerular changes are similar to those found in
healthy bitches of the same age group (Heiene et al. 2001,
Zaragozaetal. 2004, Heiene etal. 2007, Maddens et al. 2010).

Serum creatinine and urinalysis are the methods used
in clinical practice to detect and assess the extent of renal
damage. However, serum creatinine increase and renal
inability to concentrate urine only occurs after severe renal
impairment. In addition to being less sensitive methods,
they do not differentiate tubular and glomerular renal
damage (Pressler 2013). On the other hand, proteinuria
may indicate renal damage prior to the development of
azotemia in dogs with chronic kidney disease and serves as
an indicator to determine the severity of renal disease, which
can be determined by UPC (Grauer 2005). In this study, the
urinary creatinine concentration was significantly higher
in the control group than in the NA group, but there was no
difference between the NA and A groups. On the other hand,
the concentration of the urinary protein of group A was
higher than in the NA group and in the CG group (Table 3).
These results have shown that proteinuria in bitches with
pyometra and renal insufficiency is more evident, and reflects
the severity of renal damage in group A. Renal proteinuria
may be triggered by increased glomerular filtration of plasma
proteins associated with intraglomerular hypertension, the
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presence of immunocomplexes, vascular inflammation in the
glomerular capillaries, or structural defects in the basement
membrane of the glomerulus. In addition, proteinuria may be
tubular in origin, resulting in decreased tubular reabsorption
of the plasma filtrate (De Loor et al. 2013).

Most of the time, dogs are considered to have proteinuria
when the UPC >0.5. AUPC of 0.5 to 1 is usually associated with
proteinuria of tubular origin and UPC >1 is associated with
glomerular proteinuria (Grauer 2011, De Loor et al. 2013).
The UPCs results show that bitches with pyometra without
renal insufficiency have high UPC, most of them suggestive
of glomerular lesion (42.8%) and 19% suggestive of tubular
lesions. However, 38.1% were not considered proteinuric
when we evaluated the UPC. This demonstrates the need for
the use of more sensitive renal injury markers than the UPC
for such patients, preventing false negative results.

In group A, the median UPC was 1.67 and ranged from
0.52 to0 3.02. In this group A, none of the bitches presented UPC
<0.5,2/6 (33.3%) presented UPC between 0.5 and 1,and 4/6
(66.6%) presented UPC >1. These results demonstrate that
when azotemic, bitches with pyometra show more evident
proteinuria of glomerular origin.

Most bitches with pyometra of in both groups (NA and A)
presented a UPC above the reference values for the species
and significantly higher than the CG. Therefore, the UPC
can be used to detect early renal damage in bitches with
pyometra. Since UPC is a fast method and has lower cost, it
should be used in the clinical routine for both early diagnosis
of kidney injury in bitches with pyometra and in follow-up
after clinical recovery from the infectious disease. As such,
the bitches may become proteinuric and are more likely
to develop chronic kidney failure if not treated correctly.
Maddens et al. (2011) studied some markers of early renal
damage in bitches with pyometra, and among them UPC.
They also found a significant difference between the pyometra
and control groups. The pyometra group was not separated
in azotemic and non-azotemic dogs and it was not possible
to evaluate if the UPC could detect renal damage before the
development of azotemia.

CONCLUSIONS

The UPC can be used in bitches with pyometra to detect
renal damage before the development of azotemia.

In addition, we suggest that bitches that had pyometra are
followed up by urinalysis and UPC during the postoperative
period, aiming at the diagnosis of permanent renal lesions.

As such, these patients will be treated properly prior to
the development of azotemia, increasing the survival and
quality of life of patients.
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