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Abstract

Cystic lesions in the uteri of bitches and queens arise from the uterine serosa, myometrium, or endometrium and include: serosal

inclusion cysts, adenomyosis, endometrial polyps, cystic remnants of mesonephric ducts, and cysts associated with endometrial

hyperplasia (both cystic glands and ‘‘pseudo-placentational’’ hyperplasia). Of these, ‘‘cystic endometrial hyperplasia (CEH)’’ is the

most common and is frequently associated with pyometra. A second form of endometrial hyperplasia occurs in the bitch; although it

was first described over 100 y ago, it is not widely recognized by clinicians or diagnostic pathologists. In this form, the endometrium

proliferates in a highly organized manner, remodeling the uterine lining to closely resemble the histology of the endometrium at

placentation sites in normal pregnancy. Although this lesion is very different from CEH, it is quite easy to induce in dogs during the

luteal phase of their cycles and has been perhaps inappropriately proposed as modeling CEH. This lesion has been referred variously

as ‘‘deciduoma’’, endometrial hyperplasia in pseudocyesis, and ‘‘maternal placental-like endometrial hyperplasia’’. An alternative

name is suggested that is descriptive and draws attention to the difference between this lesion and CEH; the term pseudo-

placentational endometrial hyperplasia (PEH) is proposed. The histopathology and pathogenesis of CEH and PEH are discussed.

The objectives of this paper are to review the pathophysiology of cystic lesions of canine uterus, to demonstrate these using subgross

photomicrographs taken from natural cases, and to present key diagnostic features of each.
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1. Introduction

1.1. Cystic conditions of the canine and feline

uterus

Cysts arising from the wall of the canine uterus can

be divided into those that involve the endometrium (by

far the most common and clinically important) and

those that arise within the myometrium or from the

serosal surface of the uterus. Cysts that develop from the

endometrium (generally referred to as cystic endome-

trial hyperplasia or CEH) vary greatly in size, number,

distribution, histomorphology, and clinical relevance.

Cystic endometrial hyperplasia is an important common

lesion that can progress to pyometra [1–3]. The

pathogenesis of endometrial hyperplasia, associated

cyst development, and/or progression in some cases to

pyometra has been of keen interest and has been the

subject of many experimental [4–29] and clinical

studies. The latter have included assessment of methods

for accurate clinical diagnosis [30,31] and treatment
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response to various protocols [32–36]. A specific form

of canine endometrial hyperplasia was first observed by

researchers who, while conducting surgical experiments

on canine uteri [37,38], noted marked endometrial

proliferative responses at the surgical sites. The

pathogenesis of these lesions will be contrasted to

those of the more common cystic changes of individual

endometrial glands.

Many of the less common cysts found in the canine

uterus are incidental findings, but these can be dramatic

in appearance and can nearly always be diagnosed

based on their location and other features.

The objectives of this paper are to review cystic

conditions involving the uterus of the bitch, to present

examples of the most common of these, and to discuss

their pathogenesis and diagnosis.

2. Methods

The literature relating to the patho-physiology of

cystic lesions in the bitch and queen was reviewed. Cases

diagnosed with common cystic uterine lesions were

identified from either the senior author’s reproductive

pathology archives or the files of the Section of Anatomic

Pathology of the Animal Health Diagnostic Center at

Cornell University. Glass slides that exemplified key

morphologic features of the cystic uterine lesions were

chosen. Demonstration of size, distribution, and many

other important morphologic features could easily be

appreciated by examination of tissue sections on glass

slides prepared for histopathology. For this paper,

‘‘subgross’’ photographs were prepared using a digitizing

slide scanner. Photomicrographs were also taken for

demonstration of other key features. (Note that colour

images of the photographs are available for review in the

on-line version of the manuscript.)

Because of their importance, cystic conditions

involving the endometrium will be presented first,

followed by a section (Section 6) that addresses other

less common uterine cystic lesions.

3. Cystic conditions of the endometrium

Endometrial cysts of the queen and bitch generally

arise from endometrial glandular epithelium (Figs. 1

and 2), but in at least one subset (discussed in Section

5), endometrial cysts also develop from thin villous

folds covered by luminal epithelium. Hyperplastic

endometria frequently become inflamed and infected

(or vice versa), and the condition may progress to

development of pyometra, with possible life-threaten-

ing systemic illness.

3.1. Historical perspective

In the late 1950’s, Dr. C. Dow in Scotland published

the results of a large study that included summation of

the histopathology of 172 canine uteri that had either

cystic glandular hyperplasia or pyometra [14]. It was

known before this time that some bitches have cystic

endometrial glandular hyperplasia associated with co-

existing inflammation, and others do not. Prior to the

publication of his seminal paper, it was known that

pyometra was a ‘‘post-oestral syndrome’’ of the adult

bitch [14], but Dow’s study provided a substantial

amount of then new data that confirmed and expanded

on these earlier observations. Dow was the first to

propose the term ‘‘cystic hyperplasia-pyometra com-

plex’’ which has now become the ‘‘cystic endometrial

hyperplasia/pyometra complex’’.

Dow’s data documented that endometrial cystic

change, with or without inflammatory cellular infil-

trates, most commonly occurred in older dogs (Fig. 2).

The mean age for dogs with CEH and no inflammation
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Fig. 1. Subgross photographs of two cases of canine CEH. (A)

Longitudinal section of a uterine horn of a bitch with CEH. Arrows

indicate multiple small similarly sized glandular cysts that were

distributed throughout both uterine horns and uterine body. (B)

Cross-section of a uterine horn of a different bitch with severe

CEH, showing multiple cysts of variable size. Individual cysts can

be 1–2 cm in diameter. In these two examples, there is no inflamma-

tion of uterine tissues.



was 8.1 � 3.1 y, dogs with primarily neutrophilic

inflammation were 8.3 � 2.3 y old, and dogs with CEH

and predominantly plasma cell inflammatory infiltrates

were 7.6 � 2.2 y.

As these and other data published more recently

show, many bitches with cystic endometrial changes do

not always have associated endometrial inflammation

(Figs. 1 and 3A). Although CEH can be an incidental

finding, if the cystic lesions are extensive and large

(Fig. 3A) they likely could interfere with distribution of

embryos along the uterine horns or inhibit placental

attachment and development.

Dow’s work also provided data on the relationship

among stage of cycle, CEH, and the presence of

endometritis.

3.1.1. CEH: a post-estrual luteal phase disease

Dow’s pioneering work also provided data that

firmly established that cystic endometrial hyperplasia

and associated endometritis occurred primarily in

bitches that had gone through estrus and were in the

luteal phase of their reproductive cycles (Fig. 4) [14].

Dow’s data revealed that acute inflammation developed

in dogs in the earlier luteal phase and that more chronic

inflammation was found in dogs with CEH later in the

luteal period. He was also the first to observe that

pregnancy has a protective effect against development

of pyometra, reporting that the number of nulliparous

bitches with pyometra was approximately 10-fold

greater than in multiparous bitches.
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Fig. 3. Comparison of CEH with and without inflammation. (A)

Cross-section of a canine uterine horn with multiple large endometrial

cysts without associated inflammatory cellular infiltration. Note the

encroachment on the uterine lumen. (B) Moderately severe canine

CEH with intense plasmacytic cellular infiltrate within the endome-

trium.
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Fig. 2. Data initially published in 1958 by Dr. C. Dow [14] and plotted here as a histogram showing the ages of bitches with CEH and the presence or

absence of associated endometritis. The mean age of bitches with CEH without endometrial inflammation was 8.1 � 3.1 y, compared to 7.6 � 2.2 y

of age for bitches with CEH and primarily plasmacytic inflammation and 8.3 � 2.3 y for bitches with primarily neutrophilic inflammation. (Data

from the latter two groups are combined in the graph as bitches with CEH and either acute or chronic inflammation.).



3.2. CEH/pyometra complex

Endometrial hyperplasia is associated with uterine

bacterial infection in bitches and queens (Figs. 5 and 6).

Information is now available on the relative frequency of

pyometra in a large sample of the general population of

dogs from a report from Sweden, where very accurate

data are available [39]. Approximately 30% of all dogs in

Sweden are covered by animal health insurance, thus

providing a wealth of canine health-related data [39]. In

their study published in 2001, Egenvall et al. [39]

reviewed animal insurance records from over 200,000

Swedish dogs. Over a 2-y interval, claims were submitted

for pyometra in 1803 bitches for 1995 and 1754 bitches in

1996. For bitches that were <10 y old, they reported a

‘‘crude 12-mo risk’’ of pyometra of 2.0 and 1.9% for the

2-y included in the study, respectively. Their analysis

showed that ‘‘23–24% of the bitches in the databases will

have experienced pyometra by 10 y of age’’ [39].

In another study published the same year, Fukuda

investigated the incidence of pyometra that developed

in colony-reared beagles (n = 165) that were studied

over a 12-y interval [40]. He found that 15.2%

developed pyometra, which was detected at an average

age of 9.36 � 0.38 y [40].

3.3. Experimental models: pathophysiology of

canine endometrial hyperplasia and pyometra

Although a great deal of information has been gained

from studies of spontaneous cases of canine endome-

trial hyperplasia, further delineation of key factors that

play a role its development and progression have come

from a variety of experimental models.

It is has generally been assumed that the pathogen-

esis of the CEH/pyometra syndrome involves the

progression of events starting with development of

endometrial hyperplasia, with or without cyst forma-

tion, which somehow stimulates a local inflammatory

reaction. In turn, the hyperplastic endometrium causes

secretions to accumulate, followed by the establishment

of a bacterial infection. Infection within the endometrial

and uterine lumen would then result in accumulation of

exudate in the uterine lumen (pyometra).

An alternative hypothesis has been considered for

some time, i.e. that low-grade uterine infection is

partially responsible for some of the endometrial

proliferation that occurs early in the pathogenesis of

CEH/pyometra complex. Factors responsible for the

initial plasmacytic inflammation (Fig. 3B), commonly

found without accompanying neutrophilic inflamma-

tion, remains unclear. Extensive endometrial interstitial

infiltration by plasma cells and lymphocytes without

accompanying neutrophils is a common finding. A

possible explanation for this unusual response is that the

lympho-plasmacytic infiltrates represent a cellular

inflammatory reaction to low-grade, subclinical,

chronic bacterial infections that develop during pro-

estrus or estrus when cervical patency allows ascending

infection to occur. The possible role of bacteria that

enter the uterus during estrus was proposed in the

1960’s [37]; Noakes et al. further suggested that the
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Fig. 4. Histogram of data initially published in 1958 by Dr. C. Dow [14], showing the number of bitches with either acute or chronic inflammation

associated with their CEH in relation to the stage of their estrus cycle. Acute inflammation was much more commonly found within the first 40 d after

estrus (30 � 13 d). Conversely, mostly plasmacytic inflammation was found in uteri from bitches in later stages of the luteal phase of their estrous

cycles.



mechanisms through which bacteria affect the endome-

trium might be mediated directly through bacterial

toxins, or indirectly through release of inflammatory

mediators [2].

The pathogenesis of the CEH/pyometra syndrome

likely involves changes within the endometrium and

specific characteristics of invading bacteria. It has

been shown that matrix metalloproteinases, known to

have a role in endometrial remodeling in humans, are

not elevated in canine CEH, but are elevated in CEH

with pyometra [8]. Additionally, there is a decrease in

the lectin staining patterns of the glcocalyx in affected

glandular epithelium in bitches with CEH/pyometra

compared to normal controls [17]. Furthermore, IGF-

1, a known potent stimulator of endometrial prolif-

eration, is present in markedly increased amounts, as

detected by immunohistochemistry [11]. It was

recently reported that Escherichia coli isolates

recovered from spontaneous cases of pyometra are

capable of causing various types of lesions within the

endometrium, possibly related to toxic factors

produced by them [12].

3.4. Reactivity of the canine endometrium to a

broad range of stimuli

It has been clear for some time that during the luteal

phase of the cycle, the canine endometrium is very

sensitive to mechanical stimulation or to stimulation by

the presence of foreign material placed within the

uterine lumen. As early as 1914, endometrial prolifera-

tion was observed at uterine surgical sites during

experiment studies by Krainz [38]. Segmental areas of

endometrial hyperplasia were also found by Hadley in

bitches he had biopsied [37].

Hyperplastic changes have been induced by experi-

mental manipulation of the uterine lumen of bitches.

(Similar lesions are not reported for the cat.) In a classic

series of papers, Nomura and co-workers demonstrated

the sensitive and highly responsive nature of the luteal-

phase endometrium, through a series of experimental

studies during which a variety of material was surgically

placed within the uterine lumen. Others have used some

of these protocols to study the pathogenesis of

endometrial hyperplasia. Materials placed within the

uterine lumen include silk suture [20,21,25–27], olive

oil [22], bouillon and barium [24], allographs and

autographs of uterine tissue [23], and bacteria (E. coli)

[4,16,28,29]. Nomura also showed that the dog, like

rodents and primates, develops endometrial prolifera-

tion following minor mechanical irritation [22] and this

technique has been used by others [10].
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Fig. 5. (A) Cross-section of a canine uterus with accumulation of

purulent exudate within the uterine lumen (pyometra). (B) Pyometra

and subacute endometritis. Photomicrograph from a different case,

showing markedly hyperplastic uterine luminal epithelium and intense

neutrophilic and plasmacytic cellular interstitial infiltrate in the

endometrium. Sloughed cells and neutrophils are free within the

lumen on the left side of the image.

Fig. 6. Opened uterus from a cat with pyometra, showing marked

endometrial hyperplasia and hypertrophy (purulent exudates have

been removed). Large numbers of small endometrial cysts were evenly

scattered throughout the endometrium (as demonstrated in the sub-

gross photograph of the canine uterus in Fig. 1A).



3.5. Role of hormones and hormone receptors

Models of endometrial hyperplasia have been

proposed that involve either administration of hormones

[4,6,7,33] or compounds that block hormones

[33,34,36]. Progesterone concentrations in bitches with

CEH are not abnormally high [37], but administration of

progestagens, especially after estrogen priming, pre-

dispose to the CEH/pyometra syndrome [5–7]. Exo-

genous administration of progesterone in

ovariectomized bitches depressed steroid hormone

receptors, but there was no long-term down regulation

[9]. Although estrogen and progesterone receptors may

be modified by experimental administration of steroid

hormones, it has been suggested that changes in steroid

hormone receptors are not involved in the pathogenesis

of the CEH/pyometra syndrome [2].

4. Other endometrial lesions related to CEH:

endometrial polyps

Small aggregates of cystic endometrial glands

sometimes stimulate deposition of interstitial fibrous

connective tissue that can expand and protrude to form

endometrial polyps. Bitches and queens may have only

one or several endometrial polyps, which are frequently

small and of little consequence (Fig. 7A). Occasionally

larger polyps develop that can compromise the uterine

lumen (Fig. 7B).

5. Endometrial hyperplasia resembling maternal

placental tissues (pseudo-placentational

endometrial hyperplasia; PEH)

A second form of endometrial hyperplasia was

initially reported nearly 100 y ago [38], and although it

is described in standard textbooks [41,42], it is not

widely recognized by clinicians or diagnostic pathol-

ogists. As with CEH, it occurs primarily during the

luteal phase of the cycle when the endometrium is

highly sensitive, as demonstrated in a series of papers

published by Dr. Kochi Nomura and colleagues from

the University of Osaka Prefecture [18–28].

Unlike that seen in classical CEH, the endometrium

in this form of endometrial hyperplasia responds to

stimuli with a highly organized proliferative remodeling

that is very similar to the normal histology of the

endometrium at placentation sites in normal pregnancy

(Figs. 8 and 9).

This lesion is very different from CEH. It has been

referred variously as ‘‘deciduoma’’ [20] (the name,

however, suggest that this is a neoplastic lesion),

endometrial hyperplasia in pseudocyesis [41], and

‘‘maternal placental-like endometrial hyperplasia’’

[43]. The authors suggest an alternative name that is

descriptive and draws attention to the difference

between it and CEH; the term pseudo-placentational

endometrial hyperplasia (PEH) is proposed.

6. Cysts that arise from uterine tissues other

than the endometrium

These cysts can be congenital (i.e., cystic remnants

of the male embryonic ductal system) developmental

(adenomyosis within the myometrium), or acquired

(serosal inclusion cysts that develop from the perito-

neum lining the surface of the uterus). An embryonic

vesicle could be confused as being a cystic uterine

lesion and pregnancy and should always be considered.

Most of these lesions can be identified based on
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Fig. 7. Sections of the uterine wall of two bitches with endometrial

polyps associated with CEH. (A) A small endometrial polyp and

multiple small endometrial cysts within the endometrium of a dog

without evidence of pyometra or significant endometritis. (B) A large

endometrial polyp that compromised the uterine lumen.



location, number and size. There are no data available

regarding their relative incidence.

6.1. Cystic remnants of mesonephric ducts

Sexual differentiation during embryonic develop-

ment involves development of two paired ductal

systems (male – mesonephric; female – parameso-

nephric). Uterine tubes, the uterine horns and body,

cervix, and cranial vagina develop from the female

(paramesonephric) ductal system, but remnants of the

embryonic male ductal system can be found along the

uterine horns or body as either single smooth muscle-

lined cysts of variable size (usually <1 cm) near the

attachment of the broad ligament (mesometrium) or, in

cases of intersex animals, as tubular structures also

running longitudinally in the mesometrial tissues

(Fig. 10).

6.2. Adenomyosis

Adenomyosis is the presence of endometrial tissue

ectopically within the myometrial (muscle) layers of the

uterine wall. They may be small and have the

appearance of an endometrial gland, or they may be

multiple, or larger with more proliferative endometrial

epithelial cell lining. As secretory products accumulate

and pressure increases, the lining may undergo atrophy

and in some cases disappear entirely, leaving a cyst

within the myometrium that is lined by connective
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Fig. 9. Multiple cystic spaces filled with mucous secretions along the

surface of the endometrium associated with pseudo-pregnancy endo-

metrial hyperplasia. In this case, the spaces between the long thin

extensions projecting from the endometrial surface have entrapped

dense mucoid secretions.

Fig. 8. A. Marked segmental endometrial hyperplasia that morpho-

logically resembles sections of uterine wall beneath normal placenta

attachment areas. This specific form of endometrial hyperplasia has

been referred to as ‘‘deciduoma’’, segmental endometrial hyperplasia,

or endometrial hyperplasia of pseudo-pregnancy. As none of these

terms captures the nature of this relatively common lesion, the term

pseudo-placentational endometrial hyperplasia (PEH) is proposed.

The endometrial remodeling produces three layers, as demonstrated

in 8B. The uterine lumen (top) is lined by long villous folds extending

from the endometrial surface and contains accumulations of endo-

metrial secretions. The middle more dense layer is covered by a folded

layer of hyperplastic and hypertrophied endometrial epithelial cells

overlying a more dense band of connective tissue. The third and

outermost layer of the endometrium (closest to the myometrium at the

bottom of the photomicrograph) contains many uniformly distended

endometrial glands. Contrast these images of PEH to those of CEH in

Figs. 1 and 3.
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Fig. 10. Longitudinal and cross-sections of a canine uterus containing segments of a mesonephric duct in their wall. These or single cystic remnants

of the mesonephric ducts are only found near the attachment of the broad ligament.

Fig. 11. (A) Adenomyosis is a relatively common lesion and can be

found as single small ectopic endometrial glandular tissue embedded

within the endometrium, or larger cystic structures. (B) An extreme

case of canine uterine adenomyosis producing a ‘‘Swiss cheese’’

appearance to the uterine wall. The uterine lumen is labeled (*).

Fig. 12. Serosal inclusions cyst (lumen indicated by the arrow)

protruding from the serosal surface of a uterine horn cut in cross

section. These arise in middle-age or older bitches from areas of mild

peritoneal reactivity that leads to entrapment of peritoneal tissues with

subsequent proliferation and secretion. Serosal inclusion cysts are

very thinned walled, may be single or multiple, and contain clear non-

viscous fluid.



tissue only. In extreme cases, this can produce a ‘‘Swiss

cheese’’ pattern in the uterine wall (Fig. 11).

6.3. Serosal inclusion cysts

Serosal inclusions cysts that develop on the surface

of the uterus start as areas of mild peritoneal reactivity

which leads to entrapment of small pieces of serosa.

Subsequent secretion from this serosa produce very

thin-walled cysts that protrude from the surface

(Fig. 12). They may be single or multiple, and

frequently occur in clusters on any aspect of the

peritoneal covering of the uterine horns or body. They

contain clear non-viscous fluid. These are commonly

seen in bitches following Cesarean section where the

uterus has been handled extensively.

6.4. Pregnancy

Embryonic vesicles (Fig. 13) could be mistaken for a

uterine cystic lesion, especially if only one or a few

were present. Pregnancy must always be ruled out when

considering fluid filled uterine ‘‘lesions’’.

7. Conclusions

Cystic lesions of the canine and feline endometrium

are common and can be readily identified based on their

location, distribution and morphology, as demonstrated

in the subgross photographs presented in this paper.

Proliferative changes involving the endometrium can

result in cyst formation. Selecting appropriate descrip-

tive terms to describe these conditions can be difficult,

frustrating, and potentially confusing. This is especially

true of the endometrium, which changes dramatically

during the normal estrous cycle and even more

markedly at placentation sites in pregnancy. Endome-

trial tissue changes judged to be ‘‘exuberant’’ become

‘‘lesions’’ when they produce detrimental effects on

reproduction.

Clearly there are two forms of endometrial

hyperplasia in the bitch. Both are pathologic, but they

represent different types of reactions, with one

involving cystic distention of parts of endometrial

glands (CEH), the other, (PEH) representing a luteal

phase, highly organized limited transient adaptive

response that partially duplicates the maternal endo-

metrial proliferative remodeling associated with pla-

centation. These two lesions differ dramatically in their

appearance, pathogenesis and clinical relevance, and

should be distinguished by pathologists, clinicians, and

those that would develop valid experimental models of

these common and important uterine conditions. The

authors propose the use of the term pseudo-placenta-

tional endometrial hyperplasia to help distinguish it

from CEH.

References

[1] De Bosschere H, Ducatelle R, Vermeirsch R, Van Den Broeck W,

Coryn M. Cystic endometrial hyperplasia-pyometra complex in

the bitch: should the two entities be disconnected? Theriogenol-

ogy 2001;55:1509–19.

[2] Noakes DE, Dhaliwal GK, England GCW. Cystic endometrial

hyperplasia/pyometra in dogs: a review of the causes and

pathogenesis. J Reprod Fertil Suppl 2001;57:395–406.

[3] Smith FO. Canine pyometra. Theriogenology 2006;66:610–2.

[4] Arora N, Sanford J, Browning GF, Sandy JR, Wright PJ. A model

for cystic endometrial hyperplasia/pyometra complex in the

bitch. Theriogenology 2006;66:1530–6.

[5] Chen YM, Wright PJ, Lee CS. A model for the study of cystic

endometrial hyperplasia in bitches. J Reprod Fertil Suppl

2001;57:407–14.

[6] Chen YM, Lee CS, Wright PJ. The roles of progestagen and

uterine irritant in the maintenance of cystic endometrial hyper-

plasia in the canine uterus. Theriogenology 2006;66:1537–44.

[7] Chu PY, Lee CS, Moore PF, Wright PJ. Oestrogen and progesta-

gen treated ovariectomized bitches: a model for the study of

uterine function. J Reprod Fertil Suppl 2001;57:45–54.

[8] Chu PY, Salamonsen LA, Lee CS, Wright PJ. Matrix metallo-

proteinases (MMPs) in the endometrium of bitches. Reproduc-

tion 2002;123:467–77.

[9] De Bosschere H, Ducatelle R, Tshamala M, Coryn M. Changes

in sex hormone receptors during administration of progesterone

to prevent estrus in the bitch. Theriogenology 2002;58:1209–17.

[10] De Bosschere H, Ducatelle R, Tshamala M. Is mechanically

induced cystic endometrial hyperplasia (CEH) a suitable model

for study of spontaneously occurring CEH in the uterus of the

bitch? Reprod Domest Anim 2002;37:152–7.

[11] De Cock H, Ducatelle R, Tilmant K, De Schepper J. Possible role

for insulin-like growth factor-1 in the pathogenesis of cystic

endometrial hyperplasia pyometra complex in the bitch. Ther-

iogenology 2002;57:2271–87.

D.H. Schlafer, A.T. Gifford / Theriogenology 70 (2008) 349–358 357

Fig. 13. ‘‘Cystic’’ segmental distention of a uterine horn at a preg-

nancy implantation site. The differential diagnosis for cystic condi-

tions of the uterus must always include embryonic vesicles.



[12] Dhaliwal GK, Wray C, Noakes DE. Uterine bacterial flora and

uterine lesions in bitches with cystic endometrial hyperplasia

(pyometra). Vet Rec 1998;143:659–61.

[13] Dhaliwal GK, England GC, Noakes DE. Oestrogen and

progesterone receptors in the uterine wall of bitches with

cystic endometrial hyperplasia/pyometra. Vet Rec 1999;145:

455–7.

[14] Dow C. The cystic hyperplasia-pyometra complex in the bitch.

Vet Rec 1958;70:1102–10.

[15] Fransson BA, Karistam E, Berstrom A, Lagerstedt AS, Park JS,

Evans MA, et al. C-reactive protein in the differentiation of

pyometra from cystic endometrial hyperplasia/mucometra in

dogs. J Am Anim Hosp Assoc 2004;40:391–9.

[16] Ishiguro K, Baba E, Torii R, Tamada H, Hatoya S, Wijewar-

dana V, et al. Reduction of mucin-1 gene expression

associated with increased Escherichia coli adherence in the

canine uterus in the early stages of dioestrus. Vet J 2007;173:

325–32.

[17] Leitner M, Aurich JE, Galabova G, Aurich C, Walter I. Lectin

binding patterns in normal canine endometrium and in bitches

with pymetra and cystic endometrial hyperplasia. Histol Histo-

pathol 2003;18:787–95.

[18] Nomura K. Canine pyometra with cystic endometrial hyperpla-

sia experimentally induced by E. coli inoculation. Nippon

Juigaku Zasshi 1983;45:237–40.

[19] Nomura K, Kawasoe K, Shimada Y. Histological observations of

canine cystic endometrial hyperplasia induced by intrauterine

scratching. Nippon Juigaku Zasshi 1990;52:979–83.

[20] Nomura K. Induction of a deciduoma in a dog. J Vet Med Sci

1994;56:365–9.

[21] Nomura K. Histological evaluation of canine deciduoma induced

by silk suture. J Vet Med Sci 1995;57:9–16.

[22] Nomura K. Histological evaluation of the canine decidual reac-

tions induced by intraluminal injection of olive oil. J Vet Med Sci

1995;57:71–4.

[23] Nomura K. Canine deciduoma induced by intralumenal inser-

taion of uterine grafts. J Vet Med Sci 1996;58:151–5.

[24] Nomura K. Radiographical and histological evaluation of canine

decidual reaction induced by intralumenal injection of bouillon

solution mixed with or without barium sulfate. J Vet Med Sci

1996;58:145–9.

[25] Nomura K. Induction of canine deciduoma in some reproductive

stages with the different conditions of corpora lutea. J Vet Med

Sci 1997;59:185–90.

[26] Nomura K, Makino T. Effect of ovariectomy in the early first half

of the diestrus on induction or maintenance of canine deciduoma.

J Vet Med Sci 1997;59:227–30.

[27] Nomura K, Nishida A. Histological variations of canine decid-

uoma induced in non pregnant horn at different stages of

unilateral pregnancy. J Vet Med Sci 1998;60:623–6.

[28] Nomura K, Funahashi H. Histological characteristics of canine

deciduoma induced by intrauterine inoculation of E. coli suspen-

sion. J Vet Med Sci 1999;61:433–8.

[29] Tsumagari S, Ishinazaka T, Kamata H, Ohba S, Tanaka S, Ishii

M, et al. Induction of canine pyometra by inoculation of Escher-

ichia coli into the uterus and its relationship to reproductive

features. Anim Reprod Sci 2005;87:301–8.

[30] Bigliardi E, Parmigiani E, Cavirani S, Luppi A, Bonati L,

Corradi A. Ultrasonography and cystic hyperplasia-pyometra

complex in the bitch. Reprod Domest Anim 2004;39:136–40.

[31] Hagman R, Kindahl H, Fransson BA, Bergström A, Holst BS,

Lagerstedt AS. Differentiation between pyometra and cystic

endometrial hyperplasia/mucometra in bitches by prostaglandin

F2alpha metabolite analysis. Theriogenology 2005;66:198–206.

[32] Breitkopf M, Hoffman B, Bostedt H. Treatment of pyometra

(cystic endometrial hyperplasia) in bitches with an antiprogestin.

J Reprod Fertil Suppl 1997;51:327–31.

[33] Corrada Y, Arias D, Rodriguez R, Tortora M, Gobello C.

Combination of dopamine agonist and prostaglandin agonist

treatment of cystic endometrial hyperplasia-pyomtra complex

in the bitch. Theriogenology 2006;66:1557–9.

[34] De Bosschere H, Ducatelle R, Tshamala M, Coryn M. The use of

epostane in an attempt to reproduce cystic endometrial hyper-

plasia in the bitch. Vet Res Commun 2003;27:527–38.
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