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Pyometra in Queens - Changes in Haemato-Biochemical Parameters

Fatma Satilmis

ABSTRACT

Background: Pyometra is a bacterial and hormone-induced reproductive disease that occurs in the post-estrus luteal phase 
in intact queens. Pyometra is more common in the diestrus period due to the high progesterone concentration (in queens 
that mated, spontaneously ovulated, or were induced to ovulate). However, it can also be seen due to the use of exogenous 
hormones such as progesterone for the suppression of estrus. More research is needed in cases of pyometra in queens, as 
well as in bitches. Because, considering that the pathogenesis and characteristics of feline pyometra is similar to bitches, 
studies on pyometra-affected bitches are taken as reference in studies and applications on queens. From this point of view, 
the aims of this study were to reveal the changes in complete blood count, blood gas, and serum biochemistry parameters 
in feline pyometra cases and to determine the correlation between the mentioned parameters.
Materials, Methods & Results: In the study, a total of 25 female cats of different breeds were used, between the ages of 6 
months and 7 years, 15 were diagnosed with pyometra, and 10 healthy. Anamnesis, clinical findings, and ultrasonographic 
examinations were used in the diagnosis of pyometra. Abdominal ultrasonography was performed on queens brought to 
the clinic with complaints such as anorexia, polydipsia, polyuria, abdominal tension, and fever. The control group (n =10) 
consisted of queens that were introduced to the clinic and were reproductively healthy. Before any treatment in queens 
with pyometra and the control group, 1 mL blood samples were taken from v. cephalica to evaluate complete blood count, 
blood gases and serum biochemistry parameters. In complete WBC, Lym, Mon, Gra, RBC, Hb, HCT, MCV, MCH and PLT 
parameters and, blood gas parameters such as pH, pCO

2
, pO

2
, sO

2
, Na, K, Cl, lactate, glucose, HCO

3
, and BE were also 

evaluated in taken blood samples. Biochemical parameters BUN, creatinine, ALT, AST, ALP, amylase, T.BIL, D.BIL, P, 
CHOL, TG, LDH, TP, CPK, ALP, Ca, GGT were measured in serum samples. After examination and laboratory analysis, 
ovariohysterectomy was performed on queens as a treatment. Granulocyte, WBC, HCT and MCH levels of the pyometra 
group were higher (P < 0.05) and Lym levels were lower (P < 0.05) compared to the control group. According to these 
results, pH, HCO

3
, and BE were lower (P < 0.05) in queens with pyometra than those in the control group, while Na and 

lactate parameters were higher (P < 0.05). According to the results of biochemical analysis, it was determined that BUN, 
creatinine levels, GGT, and LDH enzyme activities were found to be higher in the pyometra group compared to the control 
group, while the Ca level was found to be low (P < 0.05). A positive correlation was observed between BUN and creati-
nine and LDH, WBC, granulocyte, HCT, and lactate, and a negative correlation between lymphocytes, pH, and BE in the 
correlation analysis performed on queens with pyometra and control group. However, a positive correlation was observed 
between creatinine and LDH and HCT, and a negative correlation between lymphocyte, pH and BE.
Discussion: There is not enough information about pyometra in queens. As a result, it was determined that there were 
significant changes in complete blood count, blood gases and serum biochemical parameters in queens with pyometra in 
this study. These changes were generally thought to be related to dehydration and sepsis or endotoxemia. In addition, it 
was evaluated that prerenal azotemia occurring in pyometra affected queens may cause renal dysfunction. For this reason, 
it is thought that the results obtained in the presented study may contribute to the diagnosis, treatment, and prognosis of 
pyometra cases in queens.
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INTRODUCTION

Pyometra is a bacterial and hormone-induced 
reproductive disease that occurs in the post-estrus luteal 
phase in intact queens and is characterized by the ac-
cumulation of pus in the uterus [13]. Pyometra is more 
common in the diestrus period due to the high proges-
terone concentration. However, it can also be seen due to 
the use of exogenous hormones such as progesterone for 
the suppression of estrus [4,17,43]. Because queens are 
seasonal polyestrous animals and show provoking ovula-
tion, they are less exposed to the effects of progesterone 
and are less likely to have pyometra than bitches [17]. 
However, in recent years, it has been stated that the prob-
ability of pyometra is higher, especially in pure-breed 
queens. Because queens show estrus throughout the year, 
inter-estrus intervals are quite short and more likely to 
experience increased spontaneous ovulation. There-
fore, these queens are more frequently exposed to the 
priming effect of estrogen and higher concentrations of 
progesterone. Anamnesis, clinical and ultrasonographic 
examination, laboratory analysis and, if necessary, 
radiography is used in the diagnosis and prognosis of 
pyometra cases [3,8]. However, the biochemical changes 
seen in pyometra infection in queens are less obvious 
than in bitches. Considering that the pathogenesis and 
characteristics of queen pyometra are similar to bitches, 
studies on pyometra-affected bitches are taken as ref-
erences in studies and applications on queens. From 
this point of view, the aims of this study were to reveal 
the changes in complete blood count, blood gas, and 
serum biochemistry parameters in queen pyometra and 
to determine the correlation between these parameters.

MATERIALS AND METHODS

Animals

In the study, a total of 25 female cats of differ-
ent breeds, between the ages of 6 months and 7 years, 
15 diagnosed with pyometra, and 10 healthy (intro-
duced to the clinic for genital organ examination) were 
used. The informed consent form was obtained from 
the patients before the examination and treatments to 
confirm that they approved all the interventions. 

Anamnesis, clinical findings, and ultrasono-
graphic examinations were used in the diagnosis of 
pyometra. Abdominal ultrasonography was performed 
on queens brought to the clinic with complaints such 
as anorexia, polydipsia, polyuria, abdominal tension 

and fever. Queens (n = 15) whose uterine contents 
were filled with hypoechoic to hyperechoic fluid with 
or without flocculation during the ultrasonographic 
examination were evaluated as pyometra. The control 
group (n = 10) consisted of queens that were introduced 
to the clinic and were reproductively healthy. 

Blood samples

Before any treatment in queens with pyometra 
and control group, 1 mL blood samples were taken from 
v. cephalica to evaluate complete blood count, blood gases 
and serum biochemistry parameters. In complete blood 
counts including white blood cell (WBC), lymphocyte 
(Lym), monocyte (Mon), granulocyte (Gra), red blood 
cell (RBC), hemoglobin (Hb), hematocrit (HCT), mean 
corpuscular volume (MCV), mean corpuscular hemoglo-
bin (MCH) and platelet (PLT) parameters were evaluated 
using an automatic cell counter1. In addition, blood gas 
parameters including such as pH, partial pressure of 
carbon dioxide (pCO

2
), partial pressure of oxygen (pO

2
), 

sO
2
, sodium (Na), potassium (K), chlorine (Cl), lactate, 

glucose (Glu), bicarbonate (HCO
3
) and base excess (BE) 

were performed using an automatic blood gas analyzer2. 
Biochemical parameters blood urea nitrogen (BUN), 
creatinine, alanine transaminase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase (ALP), amylase, 
total bilirubin, direct bilirubin, phosphor, cholesterol, 
triglyceride, lactate dehydrogenase (LDH), total protein, 
creatine phosphokinase, albumin, calcium, gamma-
glutamyl transferase (GGT) were measured analyzed in 
an automated analyzer3 in the separated serum samples. 
Blood samples taken for serum biochemical analyzes 
were centrifuged at 20 g for 15 min and their serums 
were separated and stored under appropriate conditions.

Surgical treatment of pyometra

After examination and laboratory analysis, 
ovariohysterectomy was performed on queens as 
a treatment and all operative interventions were 
performed under general anesthesia. For anesthesia 
induction, medetomidin4 [Domitor® - 0.08 mL/kg, 
IV], ketamine5 [Ketasol 10%® - 5-7.5 mg/kg, IV], and 
butorfanol5 [Butomidor® - 0.4 mg/kg, IV, SID] were ad-
ministered. During the operation, mixed fluid therapy 
containing IV medetomidine-ketamine-meloxicam was 
applied to the queens for pain management and treat-
ment. Antimicrobial therapy with cefazolin sodium6 
[Sefazol® - 25 mg/kg, IV, BID] was administered to 
the queens for 1 week following the operation. 
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Statistical analysis

The data were analyzed using SPPS 25 statisti-
cal software package7. Data were evaluated after control-
ling for normal distribution prerequisites (Kolmogorov-
Smirnov). The Mann-Whitney U test was used because 
the differences between the 2 independent groups did 
not meet the parametric test prerequisites. Variables were 
expressed as mean (min/max) values. For the detection 
of correlation between variables, Spearman correlation 
test was used. P < 0.05, P < 0.01, and P < 0.001 values 
were accepted for the significance level of the tests.

RESULTS

The descriptive information of the queens 
diagnosed with pyometra in the study was given in 
Table 1. The queens were followed up after the opera-
tion and no death was observed in any of the patients. 
Anorexia, lethargy, polyuria, and polydipsia were 
observed in most of the queens with pyometra. The 
mean age (months) and weight (kg) of queens with 
pyometra were determined as 35 (6-85) and 3.3 (1.6-
5), respectively. Although the majority of pyometra 
affected queens (n = 8) were cross-breeds, the disease 
was also observed in Scottish, Persian, Van, and Tabby 
breeds. In addition, 6 of the queens in the pyometra 
group had previously been administered progesterone 
hormones exogenously to suppress estrus. While vagi-
nal discharge (open-cervix pyometra) was observed in 
13 of the queens with pyometra, vaginal discharge was 
not detected in 2 (closed-cervix pyometra).

Findings of complete blood counts of the 
queens in the pyometra and control groups were given 
in Table 2. WBC, granulocyte, HCT and MCH levels 
of pyometra group were higher (P < 0.05) and lym-
phocyte levels were lower (P < 0.05) compared to the 
control group.

The blood gas parameters of pyometra and 
control groups were given in Table 3. According 
to these results, pH, HCO

3
, and BE were lower (P 

< 0.05) in queens with pyometra than those in the 
control group, while Na and lactate parameters were 
higher (P < 0.05). 

The data showing the changes in the bio-
chemical parameters of the pyometra and control 
groups were given in Table 4. According to the 
results of biochemical analysis, it was determined 
that BUN, creatinine levels, GGT, and LDH enzyme 
activities were found to be higher in the pyometra 
group compared to the control group, while the Ca 
level was found to be low (P < 0.05). In addition, 
a positive correlation was observed between BUN 
and creatinine and LDH, WBC, granulocyte, HCT, 
and lactate, and a negative correlation between 
lymphocytes, pH and BE in the correlation analysis 
performed on queens with pyometra and control 
group. However, a positive correlation was observed 
between creatinine and LDH and HCT, and a nega-
tive correlation between lymphocyte, pH and BE 
(Table 5). Correlations between other parameters 
were also given in Table 5.

Table 1. The descriptive information about 15 queens diagnosed with pyometra.

Age 
(Month) Breed Exogenous hormones Parturition Vaginal Discharge Antibiotics Weight

(kg)

46 Persian + + - - 4.1

25 Cross - - + - 2.7

12 Cross + - + - 3.6

15 Scottish + - + + 3.2

85 Cross - - + + 4

6 Cross + - - - 2.8

59 Tabby - + + + 4.7

63 Cross - - + - 1.6

22 Scottish - - + - 2.5

11 Tabby + - + - 2.8

35 Cross - - + - 5

26 Van + - + - 3

10 Cross - - + - 2.7

27 Cross - - + - 3.2

83 Tabby - - + - 3.6
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Table 2. CBC results of healthy and pyometra affected queens (mean = min/max).

Parameters Control group (n = 10) Pyometra group (n = 15) P value

WBC (cells/µL) 9.13 (6.22 - 13.60) 22.71 (3.20 - 43.21) 0.001

Lym (m/mm3) 4.50 (1.46 - 5.77) 2.07 (1.03 - 3.69) 0.003

Mon (m/mm3) 0.60 (0.30 - 8.20) 0.86 (0.27 - 6.72) 0.216

Gra (m/mm3) 5.47 (2.88 - 10.51) 17.98 (1.02 - 47.92) 0.001

RBC (x106/μL) 9.75 (4.07 - 12.19) 9.54 (4.83 - 13.90) 0.605

Hb (g/dL) 11.15 (5.60 - 15.60) 12.80 (6.60 - 18.80) 0.311

HCT (%) 27.20 (20.10 - 50.00) 45.30 (24.90 - 61.40) 0.016

MCV (fL) 48.45 (42.10 - 57.50) 48.70 (41.90 - 55.40) 0.723

MCH (pg) 11.15 (9.00 - 15.10) 13.50 (11.80 - 17.10) 0.048

PLT (X 103/μL) 76.00 (30.00 - 266.00) 91.00 (43.00 - 202.00) 0.397

CBC: complete blood count; WBC: white blood cell; Lym: lymphocyte; Mon: monocyte; Gra: granulocyte; RBC: red blood cell; MCV: mean corpuscular 
volume; HCT: hematocrit; MCH: mean corpuscular hemoglobin; HB: hemoglobin; PLT: platelets.

Table 3. Blood gas analysis results of healthy and pyometra affected queens (mean = min/max).

Parameters Control group (n = 10) Pyometra group (n = 15) P value

pH 7.37 (7.34 - 7.43) 7.34 (7.23 - 7.38) 0.001

pCO
2
 (mmHg) 35.05 (22.40 - 39.10) 32.30 (14.20 - 39.00) 0.238

pO
2
 (mmHg) 40.10 (26.80 - 62.00) 38.90 (30.90 - 120.00) 0.978

sO
2 
(%) 60.80 (39.20 - 87.60) 55.85 (34.80 - 91.60) 0.371

Na (mmol/L) 155.50 (152.00 - 158.00) 160.00 (153.00 - 177.00) 0.004

K mmol/L 3.80 (3.40 - 4.20) 3.90 (3.30 - 5.00) 0.683

Cl (mmol/L) 122.00 (118.00 - 128.00) 124.00 (118.00 - 132.00) 0.144

Lac (mmol/L) 1.60 (0.70 - 2.30) 2.80 (1.80 - 5.20) 0.000

Glu (mg/dL) 100.00 (74.00 - 113.00) 86.00 (60.00 - 178.00) 0.849

HCO
3
 std

(mmol/L) 18.65 (17.50 - 23.50) 17.10 (9.10 - 20.70) 0.008

BE (mmol/L)  - 1.25 (- 5.10 - 1.70)  - 9.50 ( -15.40 -   - 6.30) 0.000

pCO
2
: partial pressure of carbon dioxide; pO

2
: partial pressure of oxygen; Na: sodium; K: potassium; Cl: chlorine; Lac: lactate; Glu: glucose; HCO

3
: 

bicarbonate; BE: base excess.
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Table 4. Serum biochemical analysis results of healthy and pyometra affected queens (mean = min/max).

Parameters Healthy group (n = 10) Pyometra group (n = 15) P value

BUN (mg/dL) 19.77 (4.69 - 21.40) 25.50 (18.50 - 82.10) 0.004

Cr (mg/dL) 1.42 (0.90 - 1.60) 1.80 (1.00 - 3.00) 0.005

ALP (U/L) 40.50 (14.00 - 74.00) 41.00 (8.00 - 192.00) 0.765

AST (U/L) 31.50 (17.85 - 65.00) 27.00 (16.00 - 172.00) 0.531

ALT (U/L) 62.00 (20.00 - 83.00) 47.00 (25.00 - 208.00) 0.238

TP (g/dL) 6.90 (5.80 - 9.00) 7.90 (6.30 - 9.10) 0.103

GGT (U/L) 1.00 (1.00 - 3.36) 3.00 (1.00 - 5.00) 0.026

LDH (U/L) 164.37 (82.00 - 400.00) 326.0 (85.0 - 2,699.0) 0.036

AMS (U/L) 1,269.5 (744.0 - 1,518.0) 1,209.0 (522.0 - 2,204.0) 0.935

CPK (U/L) 137.14 (69.00 - 713.00) 300.0 (117.0 - 2,480.0) 0.91

ALB (g/dL) 3.50 (2.80 - 4.10) 3.40 (2.20 - 5.20) 1.00

T.BIL (mg/dL) 0.54 (0.10 - 1.50) 0.60 (0.30 - 5.50) 0.531

D.BIL (mg/dL) 0.20 (0.10 - 0.70) 0.30 (0.10 - 3.40) 0.160

CHOL (mg/dL) 154.20 (106.0 - 196.66) 119.0 (76.00 - 262.00) 0.261

TG (mg/dL) 51.81 (15.00 - 122.00) 62.00 (25.00 - 575.00) 0.216

Mg (mg/dL) 1.90 (1.40 - 3.10) 1.80 (1.30 - 2.70) 0.495

 Ca (mg/dL) 10.45 (8.80 - 12.75) 9.10 (3.90 - 15.40) 0.048

P (mg/dL) 4.63 (2.20 - 7.69) 5.30 (2.40 - 11.60) 0.311

BUN: blood urea nitrogen,; CR: creatinine; ALT: alanine transaminase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; AMS: amylase; 
TBIL: total bilirubin; DBIL: direct bilirubin; P: phosphor; CHOL: cholesterol; TG: triglyceride; LDH: lactate dehydrogenase; TP: total protein; CPK: 
creatine phosphokinase; ALB: albumin; Ca: calcium; GGT: gamma - glutamyl transferase.

Table 5. Spearman correlation test results comparing blood parameters concentrations in 15 queens with pyometra with control   group (10 healthy ones).

WBC Lym Gra HCT pH Na Lac HCO
3

BE BUN Cr GGT LDH

WBC 1 -.423* .711** .415* -0.322 0.080 .471* 0.001 -0.332 .433* 0.270 0.285 .484*

Lym 1 -.512** -0.288 .447* -0.246 -.448* .442* .501* -.454* -.428* -.505* -0.255

Gra 1 0.345 -0.378 0.058 .500* -0.020 -0.328 .538** 0.359 .448* .420*

HCT 1 -.469* 0.310 .422* -0.374 -.418* .495* .490* 0.076 .438*

pH 1 -0.234 -.540** .645** .712** -.526** -.600** -0.064 -.619**

Na 1 0.377 -.580** -.672** 0.018 0.294 0.263 0.178

Lac 1 -.575** -.693** .450* 0.245 0.331 0.372

HCO
3

1 .790** -0.268 -0.321 -0.154 -0.253

BE 1 -.448* -.437* -0.251 -.475*

BUN 1 .636** 0.244 .489*

Cr 1 0.152 .451*

GGT 1 -0.018

LDH 1

*Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed).
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DISCUSSION

Pyometra is a pathology that can cause loss of 
reproductive performance and even life-threatening in 
queens. Studies on the pathogenesis of pyometra and 
changes in blood and biochemical parameters have 
generally been conducted in bitches, but there is not 
enough information on this subject in queens [17]. 

The most common abnormality observed in 
complete blood count analyses of queens and bitches 
with pyometra is neutrophilic leukocytosis [33]. 
However, it is also stated that leukogram parameters 
may be normal in pyometra affected queens [17,33]. 
In this study, WBC and granulocyte levels were found 
to be higher in queens with pyometra compared to 
control group, while lymphocyte levels were found to 
be lower. It has been reported that the main reason for 
the increase in WBC is the infection due to increased 
bacterial colonization in the uterus [35]. Since neu-
trophils are the most common and dominant among 
white blood cells, increase in WBC is associated with 
neutrophilia, and it has been reported that an increase 
in the number of immature neutrophils is first ob-
served with WBC in the presence of pyometra [33]. 
Many studies on pyometra in bitches confirm these 
findings [41,44]. In addition, it has been reported that 
lymphocytopenia can be seen with an increase in the 
total leukocyte count in bitches with pyometra, and this 
situation is directly proportional to the severity of the 
disease [12,39]. Previous data [12,39] associated the 
decrease in lymphocyte levels with immunosuppres-
sion and endotoxemia in pyometra affected bitches. 
In the present study, leukocytosis and granulocytosis 
determined in queens with pyometra were interpreted 
as indicators of active inflammation due to infection. 
It was evaluated that lymphocytopenia might be as-
sociated with suppression of the immune system [12].

Bitches with pyometra usually have normo-
cytic normochromic or microcytic hypochromic non-
regenerative anemia. The cause of anemia in pyometra 
is generally thought to be the passage of erythrocytes 
to the uterus via diapedesis, suppression of bone mar-
row and vaginal discharges [1,5,18]. However, it was 
determined that RBC, Hb, MCV and MCH levels 
remained within reference ranges and anemia did not 
occur in pyometra affected queens in the presented 
study. It has been evaluated that this situation may be 
related to the presence of less bloody vaginal discharge 
in pyometra cases in queens than in bitches. In addi-

tion, in this study, an increase in HCT levels was also 
observed in pyometra group, which was associated 
with dehydration.

Abnormalities such as polyuria, polydipsia, 
anorexia, dehydration, and body temperature increase 
observed in pyometra cases in bitches may cause acid-
base and electrolyte disorders [21,32]. In a retrospec-
tive study reported [32] on 16 bitches with pyometra, 
it was found that metabolic acidosis was observed in 
56% of the bitches, metabolic alkalosis was determined 
in 6.5%, and acid-base levels remained in the normal 
range in 37.5%. Previous data [14], have reported on 
the other hand, found that the average pH levels in 
bitches with pyometra were higher than in healthy ones, 
but pH levels remained within the reference range. 
The same researchers found that pCO

2
, bicarbonate 

and BE levels were low in bitches with pyometra and 
interpreted this situation as mild metabolic acidosis 
compensated by respiration. In this study, a decrease 
in pH, HCO

3
 and BE levels were determined in queens 

with pyometra. In addition, it was determined that the 
pH level showed a positive correlation with HCO3 
and BE. These data obtained in the study show that 
there are significant changes in the acid-base balance 
of queens with pyometra.

Blood lactate concentrations increase due to 
factors such as decreased tissue perfusion in sepsis 
cases in bitches, hypermetabolism during inflammatory 
processes, and changes in the glycolytic enzyme sys-
tem [6]. Although it has been reported that lactate levels 
are elevated in critically ill dogs and that lactate levels 
are useful in predicting prognosis [16,24,25,30,35,40] 
some researchers found that lactate levels in bitches 
with pyometra remained within reference ranges and 
had no prognostic significance [11,14,26,37]. The 
prognostic significance of lactate has not been dem-
onstrated in critically ill cats [36]. In the present study, 
lactate levels were found to be higher in the pyometra 
group than in the control group. In addition, lactate 
levels were positively correlated with WBC, Gra, HCT, 
and BUN levels and negatively correlated with Lym, 
pH, HCO

3
 and BE levels. The findings show that hyper-

lactatemia in queens with pyometra may be associated 
with decreased tissue perfusion and septicemia. It has 
also been reported that disorders in the liver, kidney 
and other organs due to pyometra may be effective in 
increasing lactate levels [6].
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The calcium levels of the queens with pyometra 
were low, while the sodium levels were high in the 
present study. Previous data [31] found low Ca levels 
in 45% of cats with pyometra, and reported that abnor-
mal serum Ca concentrations and depression caused a 
prolonged hospital stay. Researchers stated that these 
parameters can be used for postoperative care of pyo-
metra affected queens. Previous data [14] reported that 
Ca concentrations decreased in bitches with pyometra 
due to endotoxemia. Hypernatremia in cats and dogs is 
usually caused by acute or chronic renal problems [42]. 
However, hypernatremia in pyometra affected bitches 
is generally associated with dehydration [34]. In this 
study, hypocalcemia detected in queens with pyometra 
was thought to be associated with endotoxemia [14] 
and hypernatremia associated with dehydration [38]. 

Especially in canine pyometra cases, it has 
been reported that hepatic and renal dysfunction was 
observed, and significant changes were detected in re-
nal and hepatic parameters [27,29,37]. However, stud-
ies evaluating renal and hepatic profiles in queens with 
pyometra are quite inadequate. It has been reported 
that BUN and creatinine levels increase significantly 
in bitches with both open- and closed-cervix pyome-
tra [39]. High BUN and creatinine levels are directly 
associated with renal disfunction and it is stated that 
it negatively affects the prognosis [23]. In another 
study, it was reported that serum BUN and creatinine 
concentrations would remain within the reference 
range unless dehydration-related prerenal azotemia 
develops [33]. In queens, it is reported that creatinine 
level increases in 12% of pyometra cases [23,28]. In 
this study, BUN and creatinine levels were found to 
be higher in pyometra group than in control group. In 
addition, a positive correlation was observed between 
BUN and creatinine levels in the presented study (P 
< 0.01). This was associated with prerenal azotemia 
induced by dehydration [33]. In addition, BUN and 
creatinine levels were found to be positively cor-
related with WBC, Gra HCT, lactate and negatively 
correlated with Lym, pH and BE. When the findings 
were evaluated, the increase in BUN and creatinine 
levels in pyometra cases was associated with stress, 
shock and formation of nephropathy due to toxemia 
caused by the purulent-derived content accumulating 
in the uterine lumen [41]. Studies in pyometra affected 
bitches reported interstitial fibrosis and renal tubular 
atrophy and this situation may lead to the development 

of renal failure in the long term [15]. These correlations 
and findings may be indicative of the development of 
renal dysfunction and even renal failure in pyometra 
affected queens.

Besides, GGT and LDH enzyme activities were 
found to be high in pyometra group in the study. In ad-
dition, a positive correlation was determined between 
LDH enzyme activity, BUN and creatinine levels. The 
elevation in GGT and LDH enzyme activities in canine 
pyometra cases has generally been associated with he-
patic dysfunction [2,22]. However, it has been reported 
that the presence of hepatic dysfunction in bitches with 
pyometra should be evaluated together with other liver 
enzyme activities such as ALP, ALT and AST [9,10,41]. 
Although GGT and LDH enzyme activities are high in 
the presented study, hepatic dysfunction is not thought 
to develop in queens with pyometra, since ALT, AST 
and ALP enzyme activities are within normal limits [42]. 
Apart from the liver, LDH is also found at high levels 
in the heart, skeletal muscle, erythrocyte, intestine, and 
renal cortex. Urinary GGT levels increase in renal dam-
age in cats and dogs [7,19,20]. In the presented study, the 
observed increase in GGT and LDH enzyme activities 
and the positive correlation between LDH and BUN and 
creatinine suggested that this situation may be associated 
with sepsis, dehydration and renal dysfunction.

CONCLUSIONS

As a result, it was determined that there were 
significant changes in complete blood count, blood 
gases and serum biochemical parameters in queens 
with pyometra. These changes were generally thought 
to be related to dehydration and sepsis or endotoxemia. 
In addition, it was evaluated that prerenal azotemia 
occurring in pyometra affected queens may cause re-
nal dysfunction. For this reason, it is thought that the 
results obtained in the presented study may contribute 
to the diagnosis, treatment and prognosis of pyometra 
cases in queens.

MANUFACTURERS
1Melet Schloesing Laboratoires. Osny, France.
2Radiometer. Ettlingen, Denmark.    
3Biotecnica Instruments S.p.A. Rome, Italy.
4Zoetis Türkiye. İstanbul, Turkey. 
5İnterhas Animal Health. Ankara, Turkey. 
6Mustafa Nevzat İlaç Sanayii A.S. İstanbul, Turkey.
7IBM - International Business Machines Corporation. Armonk, NY, 

USA.



8

                                                                                                           F. Satilmis. 2023. Pyometra in Queens - Changes in Haemato-Biochemical Parameters.
                                                                                                                  Acta Scientiae Veterinariae. 51: 1903.

Acknowledgements. The author is thankful to the pet owner for 
assistance during the study and to Dr. Merve Ider & Dr. Kubra 
Karakas Alkan for their support. 

Ethical approval. The study was conducted with the approval 
and permission of the Ethics Committee of Selcuk University 
Faculty of Veterinary Medicine, Experimental Animals Produc-

tion and Research Center (Approval Number: 2022/48). Before 
the study, the owners of the queens provided informed consent 
and accepted all interventions to be performed.

Declaration of interest. No conflicts of interest have been 
declared. The authors alone are responsible for the content and 
writing of the paper.

REFERENCES

1	Abol-Enein H., Gheith O.A., Barakat N., Nour E. & Sharaf A. 2009. Ionized alkaline water: New Strategy for 
Management of Metabolic Acidosis in Experimental Animals. Therapeutic Apheresis and Dialysis. 13(3): 220-224.

2	Alkan K.K., Çiftçi M.F., Yeşilkaya Ö.F., Satilmiş F., Tekindal M.A. & Alkan H. 2020. Pyometralı köpeklerde laktat 
dehidrogenaz, tam kan ve bazı serum biyokimya parametreleri arasındaki ilişkinin değerlendirilmesi. Eurasian Journal 
of Veterinary Sciences. 36(3): 204-213.

3	Arnold S., Reichler I. & Hubler M. 2006. Canine pyometra: new approaches to an old disease. In: Proceedings of the 
31st World Small Animal Veterinary Association World Congress - WSAVA/FECAVA/CSAVA (Prague, Czech Republic). 
pp.691-692.

4	Axner O., Björnham O., Castelain M., Koutris E., Schedin S., Fällman E. & Andersson M. 2010. Unraveling 
the secrets of bacterial adhesion organelles using single-molecule force spectroscopy. In: Gräslund A., Rigler R. & 
Widengren J. (Eds). Single Molecule Spectroscopy in Chemistry, Physics and Biology. Berlin: Springer, pp.337-362. 
https://doi.org/10.1007/978-3-642-02597-6_18 

5	Burchardt J., Hommel U., Kamuriwo D.S. & Billitteri C. 2016. Venture capital contracting in theory and practice: 
implications for entrepreneurship research. Entrepreneurship Theory and Practice. 40(1): 25-48.

6	Chrusch C., Bands C., Bose D., Li X., Jacobs H., Duke K., Bautista E., Eschun G., Light R.B. & Mink S.N. 2000. 
Impaired hepatic extraction and increased splanchnic production contribute to lactic acidosis in canine sepsis. American 
Journal of Respiratory and Critical Care Medicine. 161: 517-526.

7	Dąbrowski R., Szczubiał M., Kostro K., Wawron W., Ceron J.J. & Tvarijonaviciute A. 2015. Serum insulin-like 
growth factor-1 and C-reactive protein concentrations before and after ovariohysterectomy in bitches with pyometra. 
Theriogenology. 83(4): 474-477.

8	DeClue A.E., Delgado C., Chang C.H. & Sharp C.R. 2011. Clinical and immunologic assessment of sepsis and the systemic 
inflammatory response syndrome in cats. Journal of the American Veterinary Medical Association. 238(7): 890-897. 

9	Demirel M.A. 2011. Pyometralı köpeklerde tanı yöntemleri. Erciyes Üniversitesi Veteriner Fakültesi Dergisi. 8(3): 
201-209

10	  Demirel M.A. & Küplülü Ş. 2010. Investigation on the antiendotoxic effect of the combination of polymyxin E and 
ampicillin in dogs with endotoxic pyometra. Kafkas Veteriner Fakültesi Dergisi. 16(2): 313-318

11	 Duke T.D., Butt W. & South M. 1997. Predictors of mortality and multiple organ failure in children with sepsis. 
Intensive Care Medicine. 23: 684-692.

12	 Faldyna M., Levá L., Knötigová P. & Toman M. 2001. Lymphocyte subsets in peripheral blood of dogs a flow cy-
tometric study. Veterinary Immunology and Immunopathology. 82(1-2): 23-37.

13	 Hagman R. 2018. Pyometra in small animals. Veterinary Clinics of North America Small Animal Practice. 48(4): 
639-661.

14	 Hagman R., Reezigt B.J., Bergström Ledin H. & Karlstam E. 2009. Blood lactate levels in 31 female dogs with 
pyometra. Acta Veterinaria Scandinavica. 51(1): 1-9.

15	 Heine R., Kristiansen V., Teige J. & Jansen J.H. 2007. Renal histomorphology in dogs with pyometra and control 
dogs, and long-term clinical outcome with respect to signs of kidney. Acta Veterinaria Scandinavica. 49: 13. DOI: 
10.1186/1751-0147-49-13

16	 Holahan M.L., Brown A.J. & Drobatz K.J. 2010. Retrospective Study: The association of blood lactate concentra-
tion with outcome in dogs with idiopathic immune-mediated hemolytic anemia: 173 cases (2003–2006). Journal of 
Veterinary Emergency and Critical Care. 20(4): 413-420.



9

                                                                                                           F. Satilmis. 2023. Pyometra in Queens - Changes in Haemato-Biochemical Parameters.
                                                                                                                  Acta Scientiae Veterinariae. 51: 1903.

17	 Hollinshead F. & Krekeler N. 2016. Pyometra in the queen: to spay or not to spay? Journal of Feline Medicine and 
Surgery. 18(1): 21-33.

18	 Janja P. 2006. Kaj espejem prinaša novi zakon o dohodnini. Obrtnikov svetovalec, Ljubljana. 11: 42-43.
19	 Jitpean S., Holst B.S., Emanuelson V., Höglund V., Pettersson A., Alneryd-Bull C. & Hagman R. 2014. Outcome 

of pyometra in female dogs and prediction of peritonitis and postoperative hospitalization in surgically treated cases. 
BMC Veterinary Research. 10: 6. DOI: 10.1186/1746-6148-10-6

20	 Jitpean S., Hagman R., Ström Holst B., Höglund O.V., Pettersson A. & Egenvall A. 2012. Breed variations in the 
incidence of pyometra and mammary tumours in Swedish dogs. Reproduction in Domestic Animals. 47: 347-350.

21	 Kaae J. & Morais H.A. 2008. Anion gap and strong ion gap. A quick reference. Veterinary Clinics Small Animal. 38: 
443-447.

22	 Kaymaz M., Baştan A., Erünal N., Aslan S. & Findik M. 1999. The Use of Laboratory Findings in the Diagnosis 
of CEH-Pyometra Complexin the Bitch. Turkish Journal of Veterinary & Animal Sciences. 23(2): 127-134.

23	 Kenney K.J., Matthiesen D.T., Brawon N.O. & Bradley R.L. 1987. Pyometra in cats:183 cases (1979-1984). Journal 
of the American Veterinary Medical. 191:1130. 

24	 Koliski A., Cat I., Giraldi D.J. & Cat M.L. 2005. Blood lactate concentration as prognostic marker in critically ill 
children. Jornal de Pediatria. 81: 287-292.

25	 Lagutchik M.S., Ogilvie G.K., Hackett T.B. & Wingfield W.E. 1998. Increased lactate concentrations in III and 
injured dogs. Journal of Veterinary Emergency and Critical Care. 8: 117-127.

26	 Lee S.W., Hong Y.S., Park D.W., Choi S.H., Moon S.W., Park J.S., Kim J.Y. & Baek K.J. 2008. Lactic acidosis not hyper-
lactatemia as a predictor of in hospital mortality in septic emergency patients. Journal of Emergency Medicine. 25: 659-665. 

27	 Maddens B., Heiene R., Smets P., Svensson M., Aresu L., Lugtet J., Daminet S. & Meyer E. 2011. Evaluation of 
kidney injury in dogs with pyometra based on proteinuria, renal histomorphology, and urinary biomarkers. Journal of 
Veterinary Internal Medicine.   25(5): 1075-1083.

28	 Nak D., Misirlioglu D., Nak Y. & Keskin A. 2005. Clinical laboratory findings, vaginal cytology and pathology in a 
controlled study of pyometra in cats. Australian Veterinary Practitioner. 35(1): 10-14.

29	 Nak D., Mısırlıoğlu D., Nak Y., Kuzugüden F. & Keskin A. 2001. Köpeklerde pyometranın tanısında laboratuar, 
ultrasonografi ve vaginal sitoloji bulgularının karşılaştırmalı olarak değerlendirilmesi üzerine çalışmalar. Journal of 
Faculty of Veterinary Medicine. 20: 1-7.

30	 Nel M., Lobetti R.G., Keller N. & Thompson P.N. 2004. Prognostic value of blood lactate, blood glucose, and he-
matocrit in canine babesiosis. Journal of Veterinary Internal Medicine. 18: 471-476. 

31	 Pailler S., Slater M.R., Lesnikowski S.M., J’mai M.G., Duvieusart C.B., Ledesma E.J. & DeClementi C. 2022. 
Findings and prognostic indicators of outcomes for bitches with pyometra treated surgically in a nonspecialized setting. 
Journal of the American Veterinary Medical Association. 260(S2):  S49-S56.

32	 Ponce F., Rodrigues T. & Santos T. 2009. Acid-base abnormalities in dogs with pyometra: a retrospective study. In: 
Proceedings of the 34st Annual World Small Animal Veterinary Association Congress-WSAVA (São Paulo, Brazil). pp.122.  

33	 Prasad V.D., Kumar P.R. & Sreenu M. 2018. Pyometra in bitches: a review of literature. Journal of Veterinary Sci-
ence and Technology. 6(2): 12-20.

34	 Rabello Filho R., Rocha L.L., Corrêa T.D., Pessoa C.M.S., Colombo G. & Assunção M.S.C. 2016. Blood lactate 
levels cutoff and mortality prediction in sepsis-time for a reappraisal? A retrospective cohort study. Shock Augusta Ga. 
46(5): 480-485. DOI:  10.1097/SHK.0000000000000667.

35	 Rebordão M.R., Galvão A., Pinto-Bravo P., Pinheiro J., Gamboa, S., Silva E., Ferreira-Dias G., Mateusa L. & 
Ferreira-Diasa G. 2017. Endometrial prostaglandin synthases, ovarian steroids, and oxytocin receptors in mares with 
oxytocin-induced luteal maintenance. Theriogenology. 87: 193-204.

36	 Redavid L.A., Sharp C.R., Mitchell M.A. & Beckel N.F. 2016. Hyperlactatemia and serial lactate measurements in 
sick cats. Journal of Veterinary Emergency and Critical Care. 26(4): 495-501.

37	 Sant'Anna M.C., Giordano L.G.P., Flaiban K.K.M.C., Muller E.E. & Martins M.I.M. 2014. Prognostic markers 
of canine pyometra. Arquivo Brasileiro de Medicina Veterinária Zootecnia. 66(6): 1711-1717.

38	 Sant’Anna M.C., Trautwein L.G.C., Giordano L.G.P., Justino R.C., da Costa Flaiban K.K.M., & Martins M.I. 
M. 2017. The importance of Gram positive bacteria as the cause of canine pyometra. Semina Ciências Agrárias. 38(2): 
1077-1082. DOI: 10.5433/1679-0359.2017v38n2p1077.



10

                                                                                                           F. Satilmis. 2023. Pyometra in Queens - Changes in Haemato-Biochemical Parameters.
                                                                                                                  Acta Scientiae Veterinariae. 51: 1903.

http://seer.ufrgs.br/ActaScientiaeVeterinariae
1903

39	 Shah S.A., Sood N.K., Wani B.M., Rather M.A., Beigh A.B. & Amin U. 2017. Haemato-biochemical studies in 
canine pyometra. Journal of Pharmacognosy and Phytochemistry. 6(4): 14-17. 

40	 Stevenson C.K., Kidney B.A., Duke T., Snead E.C., Mainar-Jaime R.C. & Jackson M.L. 2007. Serial blood lactate 
concentrations in systemically ill dogs. Veterinary Clinical Pathology. 36(3): 234-239.

41	 Thangamani A., Srinivas M. & Prasad B.C. 2018. Pyometra in bitches: a critical analysis. International Journal of 
Environmental Science and Technology. 7(3): 1072-1078.

42	 Turgut K. 2000. Karaciğer hastalıkları ve testleri. In: Turgut K.  (Ed). Veteriner Klinik Laboratuvar Teşhis.  Konya: 
Bahcivanlar Press, pp.202-257.

43	 Uçmak Z.G., Sabuncu A., Kiliçarslan M.R., Sönmez K., Arun S. & Karaçam E. 2016. Uterine sarcoma with py-
ometra complex in a queen. İstanbul Veteriner Fakültesi Dergisi. 42(1): 106-110.

44	 Verstegen J., Dhaliwal G. & Verstegen-Onclin K. 2008. Mucometra, cystic endometrial hyperplasia, and pyometra 
in the bitch: advances in treatment and assessment of future reproductive success. Theriogenology. 70(3): 364-374.

https://seer.ufrgs.br/ActaScientiaeVeterinariae

