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Abstract : The aim of the study was to evaluate ultrasonographic findings, affected age, hematology, blood chemistry
and clinical signs according to open or closed cervix in 102 bitches presented for treatment of pyometra. The prevalence
of pyometra according to breed was observed in Maltese 22.5%, Yorkshire Terrier 13.7% and Shih Tzu 12.7%. The
mean age of dogs was 9.6 ± 0.3 years, and open cervix pyometra was more prevalent than closed cervix pyometra.
Clinical signs included anorexia, vaginal discharge, depression, polyuria/polydipsia, vomiting, and abdominal distension.
The concentration of BUN and the activity of ALP in dogs with closed cervix pyometra were significantly higher
than those in dogs with open cervix pyometra (p < 0.05). The white blood cell and neutrophils in dogs with closed
cervix pyometra were significant higher than those in dogs with open cervix pyometra (p < 0.05). Ultrasonographic
findings of the uterus with open or closed cervix pyometra showed variable patterns. The uterine wall was variable
in appearance, from thick and irregular to smooth and thin. The uterine wall was thicker in open cervix pyometra
than in closed cervix pyometra. The luminal cavity included smaller amount of anechoic fluid in open cervix pyometra
than in closed cervix pyometra.
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Introduction

Cystic endometrial hyperplasia (CEH)-pyometra complex

is a very common disease in bitches over 8 years of age (11).

Pyometra typically affects mature bitches that have under-

gone repeated estrous cycles (20). Pyometra is classically a

disease of the diestrual bitch and can be classified as

open-cervix or closed-cervix pyometra according to presence

or absence of vaginal discharge (4,31).

Generally, the cervical canal opens in response to estrogen

and closes in response to progesterone, which are ovarian

steroid hormones. Furthermore, the presence of progesterone

receptors in the uterine cervix is related to the cervical

patency (34). Progesterone has a role in the increased secre-

tory activity of the endometrial glands and decreases myome-

trial contractility, which therefore closes the cervix (18).

Clinical signs of the bitch with closed-cervix pyometra are

inappetence, depression, polydipsia, lethargy, and abdominal

distension (1,5). Typically, the bitch is afebrile, and will often

have an elevated white blood cell count (5,31). In contrast,

the bitch with open cervix pyometra present with a vaginal

discharge. Therefore, the clinical signs of closed cervix

pyometra are less obvious than open cervix pyometra, and

closed cervix pyometra is a medical emergency requiring

rapid intervention to prevent subsequent sepsis and potential

patient death (31).

The diagnosis of canine pyometra closed-cervix or

open-cervix pyometra is best made with ultrasonography and

radiology (2,30,36). Ultrasonographically, a fluid-filled organ

with variable wall thickness and proliferative changes can be

visualized (9,26). A lateral abdominal radiograph can be uti-

lized to identify a sausage-like fluid-filled tubular organ

located between the descending colon and the urinary blad-

der (33).

The treatment of choice for any older, systemically ill

bitch, or one with closed cervix pyometra, is complete ovari-

ohysterectomy (OHE) (10,23,37). Young bitches that present

with an open cervix pyometra, normal organ function, and a

compliant, reasonable owner may be treated with prostaglan-

dins in an attempt to preserve their breeding value (15,16).

There has been many previous reports about pyometra.

But, to the best of our knowledge, comparable evaluation

according to open and closed of cervix in dogs with pyometra

not yet been reported. Therefore, the aim of this clinical

study was to evaluate ultrasonographic findings, affected age,

hematology, blood chemistry, and clinical signs according to

open or closed cervix pyometra in bitches presented for treat-

ment of pyometra.

Materials and Methods

Study population

Clinical records were obtained from database of dogs with

pyometra from the Veterinary Medical Center in Chungbuk

National University between January 2005 and May 2014. A
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total of 109 cases of pyometra were enrolled in the present

study.

Diagnosis of pyometra

An initial diagnosis of pyometra was made based on his-

tory taking, physical examination, abdominal radiographic

findings (Directview CR500; Eastman Kodak Co., NY, USA),

and abdominal ultrasonographic findings (ProSound Alpha 5;

Hitachi Aloka Medical, Tokyo, Japan). According to the his-

tory taking and physical examination, intact female dogs

having vaginal discharge combined with polyuria and poly-

dipsia, abdominal distension, and palpable enlarged uterus

were suspected to have pyometra. On survey radiograph,

pyometra was diagnosed from observation of a tubular struc-

ture between the urinary bladder and descending colon at lat-

eral abdominal view. Dogs with abnormal ultrasonographic

findings, such as fluid-filled uterus or uterine horn, were

diagnosed with pyometra. The status of the patient was also

evaluated by laboratory findings such as serum chemistry

(Hitachi 7202; Hitachi High-Technologies Co., Tokyo, Japan),

electrolyte analyses (Humalyte; HUMAN Gesellschaft fur

Biochemica und Diagnostica mbH, Wiesbaden, Germany), and

complete blood count (CBC) (BC-5300 Vet TM; Mindray

Co., Shenzhen, China).

Data collection

Data were collected from the clinical records of the selected

102 dogs. The following data were individually collected

from each case of pyometra: breed, age, body weight, type of

pyometra (open-cervix or closed-cervix pyometra), clinical

signs on admission (vaginal discharge, anorexia, depression,

lethargy vomiting, diarrhea, polydipsia and polyuria, abdom-

inal distension, fever, and dehydration status), results of

hematological and biochemical analyses on admission (con-

centrations of sodium, chloride, and potassium; packed cell

volume [PCV]; platelet, neutrophil, monocyte, and lympho-

cyte counts; concentration of serum total protein, albumin,

albumin-globulin ratio, BUN, creatinine, and glucose; activi-

ties of ALT and ALP), treatment (surgery or medical treat-

ments), and duration of hospitalization.

Statistical analysis

For the statistical analysis, the bitches were separated into

open or closed cervix pyometra groups. The statistical analy-

sis of data was performed with Exel® 2014 software (Micro-

soft Corp, Redmond, WA, USA). The percentages of all data

were estimated to the nearest tenth of decimal place. Clinical

signs, blood cells and blood chemistry in two groups were

compared by student t-test. Differences were judged as sig-

nificant if the p value was ≤ 0.05.

Results

Prevalence of pyometra

The prevalence of pyometra according to breed is summa-

rized in Table 1. The highest prevalence of pyometra over

10-year-old was observed in Maltese dogs (22.5%). Yorkshire

Terriers, Shih Tzus and Miniature Schnauzers also showed a

higher prevalence of pyometra than other breeds.

The mean age of the 102 dogs was 9.6 ± 0.32 years (range,

8 months to 17 years); however, the mean age varied among

breeds; (e.g., 7.1 years for Pekingese [n = 7] and 11.1 years

for poodle [n = 10]) (Table 1).

Open cervix pyometra was more prevalent (61.8%) than

closed cervix pyometra (Table 2). Among all dogs, the prev-

alence of pyometra without CEH was 59.8% (61/102), and

40.2% for CEH-pyometra complex (41/102). In dogs with

closed-cervix pyometra, prevalence of pyometra without CEH

(74.4%) was higher than that with CEH (25.6%).

Blood profiles

Blood profiles of dogs with closed or open cervix pyome-

tra are shown in Table 3. In the electrolyte profile, the mean

concentrations of sodium in closed and open cervix pyometra,

chloride and potassium were found to be within the refer-

ence range. There were no abnormal findings in the serum

biochemistry of dogs with closed and open cervix pyometra,

including the concentrations of total protein and creatinine,

and the activity of ALT; however, the concentration of BUN,

glucose, and albumin, and the activity of ALP were abnor-

mal in dogs with pyometra. In dogs with closed and open

Table 1. The mean age of 102 dogs with pyometra according to
breed

Breeds
No. of bitches

(%)

Age

(Mean ± SE,

range, years)

Maltese 23 (22.5) 10.2 ± 0.21 (4-15)

Yorkshire Terrier 14 (13.7) 09.0 ± 0.54 (1-16)

Shih Tzu 13 (12.7) 10.3 ± 0.23 (6-16)

Miniature Schnauzer 11 (10.8) 09.6 ± 0.35 (5-17)

Poodle 10 (9.8) 11.1 ± 0.21 (8-15)

Pekingese 7 (6.8) 07.1 ± 0.18 (5-9)

Jindo 4 (3.9) 07.8 ± 0.43 (5-17)

Mongrel 12 (11.8)
10.3 ± 0.34

(8 months-13)

Other breeds 8 (7.8) 08.5 ± 0.31 (6-15)

Total 102 (100.0)
09.6 ± 0.32

(8 months-17)

Table 2. The incidence rate of cystic endometrial hyperplasia (CEH) according to open or closed cervix in 102 dogs with pyometra

Types No. of bitches (%)
CEH Age 

(Mean ± SE, range, year)With (%) Without (%)

Closed-cervix 39 (38.2) 10 (25.6) 29 (74.4) 9.3 ± 0.54 (1~16)

Open-cervix 63 (61.8) 31 (49.2) 32 (50.8) 9.4 ± 0.42 (1~17)

Total 102 (100.0) 41 (40.2) 61 (59.8) 9.4 ± 0.34 (1~17)
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cervix pyometra, the concentration of BUN (39.2 ± 6.8 vs

23.9 ± 2.6 mg/dL, respectively) and glucose (144.4 ± 26.6 vs

122.4 ± 7.8 mg/dL, respectively), and the activity of ALP

(710.5 ± 114.3 vs 505.6 ± 74.0 IU/L, respectively) were higher

than the reference range, whereas the concentration of albu-

min (2.3 ± 0.1 vs 2.3 ± 0.1 g/dL, respectively) was lower. Fur-

thermore, the concentration of BUN and the activity of ALP

in dogs with closed cervix pyometra were significantly higher

than those in dogs with open cervix pyometra (p < 0.05). In

the CBC of dogs with closed and open cervix pyometra,

PCV and platelet counts were within the reference range,

whereas the white blood cell (WBC; 28.0 ± 4.1 vs 19.8 ± 1.7

× 103/μL, respectively) and neutrophils (22.4 ± 3.5 vs 16.0 ±

1.5 × 103/μL, respectively) were higher than the reference

range. The white blood cell and neutrophils in dogs with

closed cervix pyometra were significant higher than those in

dogs with open cervix pyometra (p < 0.05).

Clinical signs

Clinical signs of 102 dogs with pyometra were anorexia

(72.5%, n = 74), vaginal discharge (62.7%, n = 64), depres-

sion (52.9%, n = 54), polyuria/polydipsia (33.3%, n = 34),

vomiting (41.2%, n = 42), fever (35.8%, n = 39), abdominal

distension (32.4%, n = 33), and diarrhea (23.9%, n = 26). The

mean duration of clinical signs was 8.39 ± 1.37 days, with a

range of 0 to 120 days. Vaginal discharge was more pro-

nounced in dogs with open-cervix pyometra than in those

with closed cervix pyometra. Also, abdominal distension was

more pronounced in dogs with closed cervix pyometra than

in those with open cervix pyometra.

Treatment and outcomes

Among 102 cases of dogs with pyometra at initial presen-

tation, 6 cases were lost because of the economic burdens of

clients or referral to other hospitals. Therefore, a total of 96

cases were evaluated for outcome. Surgical treatment was per-

Table 3. Mean level (± SE) of electrolytes, serum chemistry, and complete blood counts in 102 dogs with pyometra

Parameters Unit
Mean level (Mean ± SE)

Reference range
Closed-cervix (range) Open-cervix (range)

Electrolytes

Sodium mmol/L 142.7 ± 1.6 (116-157) 145.8 ± 0.9 (123-161) 141-152

Chloride mmol/L 107.6 ± 1.8 (77-119) 112.6 ± 0.7 (91-123) 105-115

Potassium mmol/L 004.4 ± 0.1 (2.3-5.8) 004.4 ± 0.1 (2.0-5.6) 3.6-5.8

Serum chemistry

Total protein g/dL 006.5 ± 0.1** (4.2-7.9) 006.5 ± 0.1** (3.5-8.7) 5.4-3.3

Albumin g/dL 002.3 ± 0.1* (1.3-3.7) 002.3 ± 0.1* (1.0-4.2) 2.6-3.3

A-G ratio 00.59 ± 0.04 (0.28-1.03) 000.6 ± 0.03 (0.25-0.03) 0.59-1.11

BUN mg/dL 039.2 ± 6.8 (5-180.3)**,a 023.9 ± 2.6 (4.2-106)**,b 7.0-25.0

Creatinine mg/dL 001.2 ± 0.2 (0.3-7.3) 001.1 ± 0.2 (0.2-7.4) 0.5-1.5

ALT IU/L 047.2 ± 7.5 (9-244) 057.6 ± 12.0 (6.0-513) 21-102

ALP IU/L 710.5 ± 114.3**,c (39-3,000) 505.6 ± 74.0**,d (26-3,000) 29-97

Glucose mg/dL 144.4 ± 26.6 (47-1,027) 122.4 ± 7.8 (31-530) 65-118

CBC

WBC 103/μL 028.0 ± 4.1**,e (1.1-102.7) 019.8 ± 1.7**,f (1.4-56.5) 6-17

Neutrophils 103/μL 022.4 ± 3.5**,g (0.5-94.8) 016.0 ± 1.5**,h (1.2-53.3) 3-11.8

Monocytes 103/μL 002.4 ± 0.4 (0.03-10.9) 001.6 ± 0.2 (0.01-7.9) 0.2-2

Lymphocytes 103/μL 002.0 ± 0.4 (0.2-12.4) 001.5 ± 0.1 (0.1-4.8) 1-4.8

PCV % 038.9 ± 1.3 (21.8-56.1) 039.5 ± 1.2 (14.3-62.4) 37-55

Platelet /μL 297.2 ± 33.1 (6-865) 265.5 ± 20.2 (15.7-586.0) 200-500

SE, standard error; A-G ratio, albumin-globulin ratio; BUN, blood urea nitrogen; ALT, alanine aminotransferase; ALP, alkaline phosphatase;
CBC, complete blood counts; WBC, white blood cell; PCV, packed cell volume.
*Significantly lower than reference range, **significantly higher than reference range.
a,b; c,d; e,f; g,h

p < 0.05.

Table 4. Classification according to the clinical signs in 102
dogs with pyometra

Parameters

Incidence (%)
Total

(n = 102)Closed-cervix 

(n = 39)

Open-cervix 

(n = 63)

Dehydration (≥ 8%) 23 (59.0)a 24 (38.1)b 47 (46.1)

Vaginal discharge 01 (2.6)c 63 (100.0)d 64 (62.7)

Anorexia 34 (87.2)a 40 (63.5)b 74 (72.5)

Polyurea/polydipsia 14 (35.9) 28 (44.4) 34 (33.3)

Vomiting 18 (38.5) 24 (38.1) 42 (41.2)

Depression 23 (59.0)a 31 (49.2)b 54 (52.9)

Abdominal distension 21 (53.8)s 12 (19.0)b 33 (32.4)

Within a row, values with different superscript letters (a and b; c
and d) differ (p < 0.05).
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formed in 86 patients (78.9%), and 10 patients (9.2%) died

before surgery. OHE and surgical treatments such as cystot-

omy and mastectomy for other disorders were performed.

Irrespective of surgery, fluid therapy, administration with

antibiotics and analgesics, and symptomatic therapy were

performed in individual patients. The mean duration of hos-

pitalization was 2.91 ± 0.24 days, with a range of 1 to 13

days. The surgical mortality rate was 10.5% (9/86). The

recovery rate of all pyometra cases was 80.2% (77/96), and

that of surgery cases was 89.5% (77/86).

Ultrasonographic appearances of various types of

pyometra

Ultrasonographic findings of closed-cervix pyometra in-

cluded variable patterns (Fig 1). The uterine horns were

markedly enlarged and contained hypoechoic material that

showed movement in real time. The uterine wall was vari-

able in appearance, from thick and irregular (30 cases) to

smooth and thin (36 cases). Thickened uterine wall had cystic

and focal hyperechoic structures. The thickened endometrium

contained many focal hyperechoic structures that repre-

sented tortuous glandular ducts. The luminal cavity included

anechoic fluid with strong distal enhancement.

Ultrasonographic appearances of open cervix pyometra were

as seen in Fig 2. The uterine horns contained hyperechoic or

anechoic material that showed movement in real time. The

uterine wall was thicker than that of closed cervix pyometra.

Also, the uterine wall was thickened and irregular (16 cases),

and contained multiple tiny anechoic cysts (Fig 2C). The

luminal cavity included smaller amounts of anechoic fluid

than that of closed-cervix pyometra.

Fig 1. Ultrasonograms of the uterus in dogs with closed-cervix pyometra. A) Right and left uterine horns in a 7-year-old Schnauzer

dog with cystic endometrial hyperplasia-pyometra complex, transverse image. The uterine horns contain hypoechoic material that

showed movement in real time. The uterine walls are thick. Thickened uterine walls have cystic and focal hyperechoic structures. B)

Left uterine horn in a 7-year-old Shih Tzu dog with cystic endometrial hyperplasia-pyometra complex, sagittal image. The uterine

horns contain hypoechoic material. The uterine wall is thick. Within the thickened endometrium, there are many focal hyperechoic

structures that represent tortuous glandular ducts. A 7.5-10 MHz multi-transducer was used (images A and B). C) Enlarged uterine

horn in a 5-year-old Beagle dog with pyometra, transverse image. The uterine horn is markedly enlarged and contains hypoechoic

material that showed movement in real time. The uterine wall is thin. The luminal cavity includes anechoic fluid with strong distal

enhancement. A 5-10 MHz convex array transducer was used.

Fig 2. Ultrasonograms of uterus in dogs with open-cervix pyometra. A) Right uterine horn in a 5-year-old Pekingese dog with cystic

endometrial hyperplasia-pyometra complex, sagittal image. The uterine horns contain hyperechoic material that showed movement in

real time. The uterine walls are thick. Thickened uterine wall have cystic and focal hyperechoic structures. A 5-10 MHz multi-convex

array transducer was used. B) Right and left uterine horns in a 7-year-old Schnauzer dog with cystic endometrial hyperplasia-pyometra

complex, transverse image. The uterine horn contains hypoechoic material that showed movement in real time. The uterine wall is

thick. Thickened uterine walls have cystic and focal hyperechoic structures. A 7.5-10 MHz multi-transducer was used. C) Left uterine

horn in a 3-year-old mixed-breed dog with cystic endometrial hyperplasia-pyometra complex, sagittal image. The uterine wall is thick-

ened and irregular and contains multiple tiny anechoic cysts. A small amount of anechoic fluid is present in the uterine lumen. A 5-

10 MHz multi-convex array transducer was used.
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Discussion

Canine pyometra is a commonly diagnosed disease of the

reproductive system at routine clinical fields, but is poten-

tially life-threatening disease (3,27,29). Therefore, prompt and

accurate diagnosis is essential for proper treatment of dogs

with pyometra.

In this study, Maltese, Yorkshire Terrier and Shih Tzu dogs

showed a higher prevalence of pyometra than other breeds,

Pekingese and Poodle showed a lower prevalence of pyometra

than other breeds. This was inconsistent with a previous

study that reported that Pekingese and Poodle had a signifi-

cantly lower risk of developing pyometra than other breeds

(22). A genetic predisposition for pyometra has not been

evaluated, but, several studies have described a high preva-

lence of pyometra within certain breeds including Bullmas-

tiff, Golden Retriever, Rottweiler and Miniature Schnauzer

(14,19,25).

The mean age of the cases (9.57 years) in this study is sim-

ilar to that in a study on colony-reared Beagles (13) but older

than other studies (6,14,25). The higher mean age may be

associated with the relatively high distribution of small and

toy breeds. Distribution of canine breeds in Korea is not yet

described, so further study is required. Variation in age at

diagnosis of pyometra among breeds was consistent with pre-

vious study (14). However, in the present study, Pekingese

dogs presented with pyometra at a younger age (7.1 years)

and Poodle dogs presented at an older age (11.1 years) than

other breeds, which was not discussed in previous studies

(14,25). One study described that the risk of pyometra and

developing age may be associated with breeds with possible

genetic predispositions (7).

In the present study, the mean interval from the last known

estrus to presentation was 10.3 weeks (data not shown),

which was similar to previous report (2). Based on the his-

tory taking, the duration from onset of clinical signs to

admission was 8.39 days, which indicated that most of the

clinical signs of pyometra were nonspecific when compared

with other disorders. In the authors’ opinion, besides cases

with vaginal discharge, most owners may not become suspi-

cious of pyometra based only on clinical signs. The propor-

tion of clinical signs was not different from previous studies

(15,31). Dogs with closed cervix pyometra were 3.8 times

more likely to have a worse prognosis than dogs with open

cervix pyometra (28). This may have been due to inhibited

elimination of the infectious contents of the uterine lumen

due to the closed uterine cervix and the increased probability

of complications such as endotoxemia, septicemia, and sep-

tic peritonitis (24,28).

Dogs with pyometra showed various abnormalities of

hematological and biochemical variables (5,12,15,21). In the

present study, abnormal patterns of blood profiles were simi-

lar to previous studies (12,21). The degree of electrolyte

imbalance may be caused by the severity and duration of

dehydration. Increased concentrations of BUN and creati-

nine were common complications of pyometra, and they may

be also caused by dehydration associated with anorexia and

vomiting (17,32). In dogs with pyometra, the mean concen-

tration of albumin was lower than the reference range, but

the concentration of total protein was within the reference

range. This means that albumin was lost through the kidney

and/or was under-produced by hepatic disease, but levels of

acute phase proteins such as C-reactive protein and gamma-

globulin, which are produced in response to chronic antigen

stimulation, were increased as an acute and chronic inflam-

matory reaction (3,12,21). The mean activity of ALP (552.9

± 60.4 IU/L) was increased. This indicated that toxemia orig-

inating from pyometra may inhibit synthesis of liver enzymes

and damage the hepatic membrane (2,21). Leukocytosis with

neutrophilia was assessed as a response of leukocytes to

inflammation. However, the mean lymphocyte count was at

the low end of the reference range, indicating that suppres-

sion of lymphocyte activity may be induced by toxemia (8).

The onset of clinical signs in dogs with pyometra is gradual

and insidious (35). Generally, clinical signs include vomiting,

abdominal distension, dehydration, anorexia and polyuria/

polydipsia (1,5,35). In the present study, the occurrence order

of clinical signs of pyometra in dogs were anorexia, depres-

sion and dehydration, and these clinical signs were not differ-

ent between open or closed cervix pyometra. Polyurea/

polydipsia and renal impairment are cited as signs of pyome-

tra, but these signs are not consistent, being recorded in

≤ 50% of bitches with pyometra (35). In the present study,

the prevalence of polyurea and polydipsia was 41.2%, which

was similar to previous report (35).

Ultrasonography is the best tool for diagnosis of canine

pyometra (2,30,36). Ultrasonographic findings of the uterus

with pyometra showed variable patterns, such as hypoechoic

or hyperechoic fluid in the uterine lumen, a thickened uter-

ine wall, or a uterine wall with CEH (9,26,33). In the present

study, the luminal cavity of open-cervix pyometra included a

smaller amount of anechoic fluid than that of closed-cervix

pyometra. This is due to continuous leakage of uterine fluid.

These results indicate that bitches with closed cervix pyo-

metra are in a more serious state than those with open cervix

pyometra. Therefore, these patients must undergo hematolog-

ical and blood biochemical examination, as the bitches with

pyometra may have liver damage, dehydration and electro-

lyte imbalance. Also, treatment of the liver and correction of

electrolyte balance be undertaken before surgical/medical

treatment of pyometra based on the patient’s examination

results. In particular, pyometric bitches with abdominal dis-

tention must treated as a medical emergency requiring rapid

intervention to prevent uterine rupture (31).
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