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Assessment of Hematological Parameters and Uterine Hemodynamic
Indices in Bitches with Pyometra
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ABSTRACT

Background: Pyometra is defined as chronic purulent inflammation of the uterus that causes changes in hematological
and biochemical parameters. The disease is characterized with bacterial infection and pus accumulation in the uterus.
Transabdominal B-mode ultrasonography provides easy and certain diagnosis of this disease. The hemodynamic changes
in pyometra are evaluated by Doppler ultrasonography. The aim of the study is to determine the changes in hematological
parameters and Doppler indices in bitches with pyometra, diestrus healthy bitches and evaluate the relationship between
hematological parameters and hemodynamic indices within the both groups.

Materials, Methods & Results: A total number of 27 bitches were enrolled in the study. The healthy diestrus bitches (group
H;n=7)aged 6.2 + 1.14 years, weighted 14.57 + 3.75 kg. The bitches with pyometra (group PYO; n =20) aged 9.1 +0.62
years and weighted 17.65 + 2.60 kg. Before all bitches had ovariohisterectomy, hematological analyses were performed.
Transabdominal ultrasonography (USG) was performed with a 6.6 MHz convex transducer. The widest cross-sectional
uterine diameter (UD), wall thickness of uterine horns (UWT) and presence of luminal content were evaluated. Diameter
of the uterine artery (DUA) was measured on a mapped color image using the USG software program. The examination
was carried out with pulsed-wave Doppler USG to characterize the waveform of the uterine artery (UA). Anechogenic areas
in uterine lumen, increase in UD and UWT were observed in group PYO. All cases in group PYO had luminal content in
both uterine horns ranging from 1.2 to 5.6 cm. The DUAs were measured in group H and in group PYO as 1.75 + 0.03
mm, 1.94 + 0.08 mm; respectively (P < 0.05). The PI and RI values of group PYO were lower than group H (P < 0.001).
Hematological analysis results showed that RBC, HGB, HCT levels in group PYO were lower than group H (P < 0.001).
However, WBC, NEU, LYM, MONO levels in group PYO were higher than group H. Hemodynamic indices were positively
correlated with RBC, HGB, HCT, whereas they were inversely correlated with NEU, WBC, UD and UWT. Also, PI value
was negatively correlated with MONO.

Discussion: Cystic endometrial hyperplasia (CEH) is a predisposing factor for development of the pyometra in bitches.
Besides, naturally occurring CEH and pyometra can arise independently from each other. The enlarged uterine body
exhibits the development of intense exudative processes due to the higher proliferative stimulation in uterine infections.
Uterine infections were associated with increase in uterine blood flow. Elevated uterine blood flow, vasodilatation and
angiogenesis arise during inflammatory response. The inflammatory process leads to a diminution in hemodynamic indices
of uterine arteries. Total blood count parameters are affected from the presence of pyometra. Elevated levels of leukocytes
in bitches with pyometra are associated with worsening prognosis. Erythrocyte diapedesis into the lumen of the uterus,
toxic depression of erythropoiesis in the bone marrow can cause anemia. In conclusion, hematological parameters were
strongly correlated with hemodynamic indices in this study. Reduced RBC, HGB and HCT levels, decreased PI and RI
values and elevated levels of UD, UWT, DUA were observed in group PYO. To our knowledge, this was the first study
that observed the increase in DUA during pyometra in bitches.
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INTRODUCTION

Pyometra is a chronic purulent inflammation of
the uterus and it is one of the most common diseases of
intact bitches. The disease is characterized with bacterial
infection and pus accumulation in the uterus [15]. Pyo-
metra can occur from 4 months to 16 years of age [17].
Repeated administration of exogenous progesterone for
contraception leads to pyometra formation [24]. Hemor-
rhagic and mucopurulent vaginal discharge is noticeable
in pyometra with an open cervical canal. Besides, more se-
vere clinical signs and abdominal enlargement frequently
occur in pyometra with closed cervical canal [13,21]. The
disease causes changes in hematological parameters [19].

Diameters of uterine horns, thickness of the
uterine wall and presence of luminal content can be
evaluated by B-mode ultrasonography (USG) [27]. Dop-
pler USG is commonly utilized to evaluate the hemody-
namic changes in the female genital tract [5,6]. Color
Doppler USG is a non-invasive technique that provides
the quantitative evaluation of endometrial vasculariza-
tion in uterine diseases [27]. Qualitative assessment of
blood flow in uterine arteries is performed by spectral
Doppler USG. Whereas blood flow behavior is measured
by velocities; peak systolic velocity (PSV), end diastolic
velocity (EDV), mean velocity (MV), impedance of
the vessels therefore vascular supply of the organs are
assessed by derivation of the indices; resistivity indices
(RI) and pulsatility indices (PI) [10,12].

The aim of the study is to determine the chang-
es in hematological parameters and Doppler indices in
bitches with pyometra, diestrus healthy bitches and to
evaluate the relationship between hematological pa-
rameters and hemodynamic indices within the groups.

MATERIALS AND METHODS

Animals

A total number of 27 bitches were enrolled in the
study. All bitches were clinically (heart rate, respiratory
rate, body temperature and dehydration status) and gyn-
aecologically (inspection of vulva, vaginoscopy, vaginal
cytology and trans-abdominal USG) examined. The non-
pregnant bitches with healthy genital tract at diestrus
(group H; n=7) aged 6.2 + 1.14 years, weighted 14.57
+3.75 kg which had pro-estrus bleeding 2-3 months ago.
The bitches in group H were presented to the clinic for
ovariohysterectomy. The bitches with pyometra (group
PYO; n=20) aged 9.1 £ 0.62 years and weighted 17.65

+ 2.60 kg. Hematological analyses were performed for
all bitches in pre-operative term to avoid the anesthesia
complications. Ovariohysterectomy was performed to
treat the pyometra.

Vaginal cytology

Vaginal smear was obtained for cytological
examination of the vagina for both groups. The smears
were stained with Diff-Quick stain set' according to the
manufacturer’s instructions. Slides were examined by
a light microscope? at x 400 magnification.

Gynaecological USG

Internal genital tract (ovaries and uterus) was
examined trans-abdominally by the same operator in both
groups with B-mode USG equipped with 6.6 MHz convex
transducer®. The bitches were positioned in dorsoventral
position and gently restrained. No sedation was used.
The widest cross-sectional uterine diameter (UD), wall
thickness of uterine horns (UWT) and presence of luminal
content were visualized on left and right uterine horns and
calculated automatically by the USG equipment software.
The vessels (iliac artery, uterine artery (UA), uterine vein)
and the blood flow on the uterus were mapped by color
flow mode of Doppler USG using a 5.5-MHz transducer®
as Veiga et al. [36] reported. Diameter of the uterine artery
(DUA) was measured on a mapped color image using
the USG software program. The examination was car-
ried out with pulsed-wave Doppler USG to characterize
the waveform of UA. The angle of insonation was ap-
proximately 60° during spectral measurements. At least
three consecutive systolic peaks with similar amplitude
and velocity were included for analysis. The PI and RI
values of UA were automatically calculated by the Dop-
pler machine software?.

Blood sampling and hematological analysis

Blood samples were obtained with the puncture
of the vena cephalica antebrachii by using sterile 21
gauge cannula into the ethylendiaminetetra-acetic acide
(EDTA) containing vacutainer tube* for each bitch. He-
matological analysis was performed by using hematolo-
gy analyzer’. Red blood cell (RBC), hemoglobin (HGB),
hematocrit (HCT), white blood cell (WBC), neutrophil
(NEU), lymphocyte (LYM), monocyte (MONO) mea-
surements were incorporated into the study.

Statistical analysis

Statistical analyses were performed with SPSS
13.0 package program®. The normal distribution of the
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data was checked by using Shapiro-Wilk test. Student’s
t-test was performed for the comparison of the groups
with regard to the hematological parameters and USG
measurements. The Pearson correlation was used to de-
termine the relationships among the parameters evaluated.
Values were given as mean =+ standard error of the mean
(SEM). The significance level was accepted as P < 0.05.

RESULTS

Body temperature, heart rate, respiratory rate and
dehydration stage were within normal ranges in healthy di-
estrous bitches whereas elevated levels of these parameters
were observed in group PYO. Based on the presence or
absence of the vaginal discharge in per vaginal examination,
the bitches in group PYO were categorized according to
cervical patency. Depend on the anamnesis and gynaeco-
logical examination of the bitches with closed cervical canal
(n = 6) had lethargy, anorexia, abdominal enlargement,
polyuria and polydipsia. In addition to lethargy, anorexia,
the bitches with open cervical canal (n = 14) had malodor-
ous, purulent and dense consistency vaginal discharge and
vomiting. In both groups, there was neither vulva-vaginal
neoplasia, vaginal rupture nor vaginal hyperplasia oc-
curred. In vaginal cytological examination, intermedier and
parabasal cells with some neutrophills were visualized in
smear belong to group H. In addition to intermedier and
parabasal cells, group PYO had bacterial clusters, more
neutrophils and pus on the smear background. Each bitch
in both groups was in the diestrous stage.

In transabdominal USG, anechogenic areas in
uterine lumen, increase in UD and UWT were observed
in group PYO (Figure 1). All cases in group PYO had
luminal content in both uterine horns ranging from 1.2 to
5.6 cm. However, any cyst formation in endometrium was
not detected in bitches with less than 2 cm UD in group
PYO. On the color mapped image of UA in group H and
group PYO, DUAs were measured as 1.75 = 0.03 mm,
1.94 +0.08 mm; respectively (P <0.05). Besides, UD and
UWT in group PYO were significantly higher than group
H (P <0.001). The PT and RI values of UA in group PYO
were lower than group H (P <0.001) [Figure 2]. The UD,
UWT, DUA and PI and RI values of UA related to the
groups and their significance were presented in Table 1. In
group PYO, UD, UWT, DUA, PI and RI of UA were not
significantly associated with open or closed cervix pyo-
metra (P > 0.05). Hematological analysis results showed
that RBC, HGB, HCT levels in group PYO were lower
than group H (P < 0.001). However, WBC, NEU, LYM,
MONO levels in group PYO were higher than group H.

Mean values and SEM of hematological analysis results
related to the groups and their significance were given
in Table 2. In group PYO, values of RBC, HGB, HCT,
WBC, NEU, LYM, MONO were not associated with
open or closed cervix pyometra (P > 0.05). The Pearson
correlation assessment of hematological parameters and
hemodynamic indices were presented in Table 3.

Figure 1. B-mode trans-abdominal USG in a bitch with pyometra. D1:
Uterine wall thickness & D2: Uterine diameter.

Figure 2. Pulsed wave Doppler USG images belong to uterine artery. A-
Elevated PI and RI values in a diestrus healthy bitch. B- Reduced PI and
RI values in a bitch with pyometra.
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Table 1. Mean +SEM of UD, UWT, DUA, hemodynamic indexes and their significances.

Group UD (cm) UWT (cm) DUA (mm) PI of UA RI of UA
PYO 2.62+0.28 0.31 +£0.02 1.94 +0.08 1.20 £ 0.04 0.65 +0.01
H 0.54 £0.02 0.09 £ 0.00 1.75+£0.03 2.25+0.05 0.85+0.01

UD: Uterine diameter; UWT: Uterine wall thickness; DUA: Diameter of uterine artery; PI: Pulsatility index; RI: Resistance index; *P < 0.05;
#P < 0.001.

Table 2. Mean + SEM of hematological parameters and their significances.

Group  RBC (M/uL) HCT (%) HGB (g/dL) WBC (K/uL) NEU (K/uL) LYM (K/uL) MONO (K/jL)
PYO 5.56 +0.21 33.96 + 1.48 12.05 +0.53 4424 +526 20.46 + 2.48 13.17 +3.26 11.74 +2.38
H 743£0.28 51.01 =2.63 17.31 2 0.66 10.88 = 0.68 7.85+0.63 2.61+033 0.91 =0.05

sk sk sk sk ek * sk

RBC: Red blood cell; HCT: Hematocrit; HGB: Hemoglobin; WBC: White blood cell; NEU: Neutrophils; LYM: Lymphocytes; MONO: Monocytes; *P
<0.01; #*P < 0.001.

Table 3. Pearson correlation assessment of hematological parameters and hemodynamic indices.

UD UWT DUA PI RI RBC HCT HGB WBC NEU LYM MONO
PCC 0.457 -0.155 -0.596  -0.540 -0.566 -0.630 -0.611 0.536 0.346 0.374 0.562
UD P 1 * ns ek sk sk ek sk sk ns ns sk
PCC 0.457 0.443 -0.630  -0.549 -0.736 -0.752 -0.775 0.465 0.484 0.339 0.420
DUA PCC -0.155 0.443 | -0.170  -0.147 -0.201 -0.140 -0.188 0.203 0.294 0.296 0.241
P ns * ns ns ns ns ns ns ns ns ns
PCC -0.596 -0.630 -0.170 0.953 0.617 0.724 0.689 -0.606 -0.548 -0.303 -0.370
PI P s et ns 1 seteon s ek sk *% ook ns ns
PCC -0.540 -0.549 -0.147 0.953 0.517 0.635 0.585 -0.482 -0.445 -0.219 -0.226
RI P £ £ ns EE s 1 £ sk £ Ed * ns ns
PCC -0.566 -0.736 -0.201 0.617 0.517 0.960 0.963 -0.594 -0.529 -0.335 -0.442
RBC P £ sekosk ns ek £ ] sekosk sekock £ £ ns Ed
HCT PCC -0.630 -0.752 -0.140 0.724 0.635 0.960 1 0.975 -0.628 -0.563 -0.411 -0.518
C P sk ssksk ns skskok sksksk sksksk sskosk sskosk kek * kek
PCC -0.611 -0.775 -0.188 0.689 0.585 0.963 0.975 -0.697 -0.616 -0.441 -0.519
HGB P kok skoksk ns kR k. koksk skoksk 1 sokosk £ * sk
PCC 0.536 0.465 0.203 -0.606  -0.482 -0.594 -0.628 -0.691 0.651 0.639 0.597
WBC P kk * ns £ * k. £ skoksk 1 sfokosk sokok sk
PCC 0.346 0.484 0.294 -0.548  -0.445 -0.529 -0.563 -0.616 0.651 0.281 0.381
NEU P ns * ns ok # sk sk sk sk 1 ns ns
PCC 0.374 0.339 0.296 -0.303  -0.219 -0.335 -0411 -0.441 0.639 0.281 0.734
LYM ) 1
P ns ns ns ns ns ns * * ok ns ok
MONO PCC 0.562 0.420 0.241 -0.370  -0.226 -0.442 -0.518 -0.519 0.597 0.381 0.734 1

P oK * ns ns ns * ok ok *% ns sk

PCC: Pearson correlation coefficients; P: Significance; UD: Uterine diameter; UWT: Uterine wall thickness; DUA: Diameter of uterine artery; PI:
Pulsatility index; RI: Resistance index; RBC: Red blood cell; HCT: Hematocrit; HGB: Hemoglobin; WBC: White blood cell; NEU: Neutrophil; LYM:
Lymphocyte; MONO: Monocyte; *P < 0.05; **P < 0.01; ***P < 0.001; ns: P > 0.05.
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DISCUSSION

Ultrasonography is a useful and most reliable
tool to diagnose pyometra [4]. Cystic endometrial
hyperplasia (CEH) is a predisposing factor for develop-
ment of the pyometra in bitches [16]. Besides, naturally
occurring CEH and pyometra can arise independently
from each other [8]. In USG examination, thick uter-
ine walls with multiple cystic structures, absence of
intraluminal fluid and 2 cm in diameter of uterine
horn were defined as CEH in a bitch by Hagman [16].
In contrast with the previous report [16], absence of
cystic structures and presence of pus accumulation
were viewed in USG examination of the bitches whose
uterine diameter were less than 2 cm. It was explained
by the reported research that CEH and pyometra can
be formed independently of each other [8]. Increase in
both UWT and UD in the presence of pyometra was
determined in this study, similar with the researchers
[36]. Thickened uterine walls can be explained by an
active proliferative mechanism of endometrium. Ad-
ditionally, the enlarged uterine body and horn diameter
exhibit the development of intense exudative processes
due to the higher proliferative stimulation in uterine
infections [4]. Jitpean et al. [18] reported that closed
cervix pyometra was more severe illness than open
cervix pyometra. Contradictorily with the researchers
[18], all evaluated parameters were not significantly
different in regard to cervical patency in this study.
These results may be due to the early presentation of
the bitches to the clinic. Thus, the exposure time to the
effects of the disease was relatively short.

Doppler USG was utilized to evaluate the
uterine blood flow, and DUA was measured on color
mapped images similar to Alvarez-Clau & Liste [1]. It
was reported that UA appeared less than 2 mm in non-
estrous bitch [1] and in bitches with CEH [11]. Similar
with the researchers [1] DUA in both groups were less
than 2 mm in this study. England ez al. [11] observed
approximately 2 mm of DUA in healthy bitches and
in bitches with CEH before and after mating. In the
present study, DUA in group PYO was higher than
group H. To our knowledge, this was the first report to
detect the significant differences in DUA between the
healthy diestrous bitches and bitches with pyometra.
Dickey [9] notified that UA diameter range was 0.2-0.5
cm in non-pregnant women and it became ascendant
in pregnant women. The differences between studies
can be explained by the elevated levels of DUA in

group PYO occurring in accordance with the enlarge-
ment of the uterus due to the pus accumulation into
the uterine lumen.

Pyometra is a common gyneacological disease
of intact females that occurs as a result of uterine in-
flammation [31]. Prostoglandin metabolites (PGFM,
PGF2a, PGE) play an important role in the inflamma-
tory process [14,30]. Elevated levels of intra-uterine
concentration of prostaglandins may lead to increase
in the uterine perfusion [20]. Thereby, inflammatory
processes lead to a diminution in hemodynamic indices
of UAs in several mammalian spices [32]. Similarly
to the previous reports [20,32], reduction of hemody-
namic indices supposed to be as a result of inflamma-
tory process in bitches with pyometra in present study.

This study shows the significant differences
among the hemodynamic indices of the group H and
group PYO. The researchers [23] who investigated
uterine hemodynamics along the oestrous cycle, indi-
cated that oestrogenic phase affects the uterine blood
flow in bitches and they reported range of the PI in
diestrous bitches as 3.1-3.9. Veiga et al. [36] observed
that the mean PI value in bitches with pyometra was
lower than the bitches with mucometra and diestrous
healthy females. It has been reported that the decrease
in Pl reflects the rise in UA perfusion [23]. In the pres-
ent study, decrease in the mean PI value of the bitches
in group PYO was supported due to the increase in
UA perfusion in consistent with the previous reports
[23,36].

Uterine infections were associated with in-
crease in uterine blood flow. Elevated uterine blood
flow, vasodilatation and angiogenesis arise during
inflammatory response [25]. Opposite results were ob-
tained by England et al. [11] who indicated that mean
RIin healthy diestous bitches (0.56 + 0.02) was lower
than in bitches with endometrial hyperplasia (0.67
0.02). Similar with the researchers [3,36], the reduced
vascular resistance was detected in group PYO than
Group H. Resembling results with the previous reports
[3,36] can be explained by the association between
uterine infections and uterine blood flow as Ozbay &
Deveci [25] reported.

Similar with the previous reports [2,29], WBC,
NEU, LYM, MONO counts in bitches with pyometra
were increased in the present study. Elevated levels of
leukocytes in bitches with pyometra were associated
with worsening prognosis [26]. The results showed
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that leukocyte changes were induced by stimulation
of bone marrow in the inflammatory process and acute
phase reaction [34]. Similar with the researchers [29];
reduced levels of RBC, HGB and HCT in group PYO
were observed in this study. The occurrence of anemia
could be explained by the decreased erythropoiesis in
the bone marrow as a result of chronic uterine inflam-
matory disease [35]. Erythrocyte diapedesis into the
lumen of the uterus, toxic depression of erythropoiesis
in the bone marrow could cause anemia (normocytic
and normochromic) [26,34].

Bree et al. [7] investigated the correlation
between radiological and hematological findings of
canine pyometra and they reported that leukocyte
numbers were increased when the uterine body was
enlarged. In line with Bree et al. [7], uterine disten-
tion was strongly associated with the elevated levels of
WBC and MONO in the present study. The research-
ers noticed that an increase in vascular resistance of
UA may act a role in thinning of the endometrium
in women [28]. It was postulated that growth on the
glandular epithelium of the uterus may be prevented by
the increase in vascular resistance [33]. In agreement
with the reports [28,33] on human literature, UWT
was negatively correlated with RI in this study. The
researchers [22] reported that velocity of the blood
flow decreases, when the blood viscosity increases
dramatically. In this study, RBC, HGB and HCT values
were strongly correlated with PI and RI. In agreement
with the previous report [22], similar results exhibit
the relation between blood viscosity parameters and

hemodynamic indices of UA. The blood viscosity was
directly associated with a relative percentage of RBCs
called HCT in blood circulation. Because the resistance
to blood flow usually occurs in small vessels and cap-
illaries, the viscosity was important to determine the
amount of the blood into the circulatory system [22].

CONCLUSION

In conclusion, hematological and hemody-
namic changes were observed in bitches with pyome-
tra. Besides, hematological parameters were strongly
correlated with hemodynamic indices. Reduced RBC,
HGB and HCT levels, decreased PI and RI values and
elevated levels of UD, UWT, DUA were observed in
group PYO. To our knowledge, this was the first study
that observed the increase in DUA during pyometra
in bitches.
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