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Chapter I
Introduction

Equine breeding is a multimillion dollar industry requiring timely and prompt
breeding of mares to make it economically viable. Along with changing science and
technology, the veterinarian has had to constantly update and upgrade his knowledge to
keep pace with the expectations of the industry. Infertility of mares is a major concern for
the equine breeding industry as it causes economic loss by reducing yearly foal
production.

When it comes to diagnosing fertility problems in mares the veterinarian has
come to trust several diagnostic procedures like rectal palpation, ultrasound, uterine
biopsy, cervical and uterine cytology and/or culture, fiber optic examination and
endocrine assays. Although ultrasound is now routinely used as a tool for assessment of
uterine pathologys, it is limited due to resolution capabilities, technical expertise required,
as well as economic factors in some demographics. Although cytology can be used to
determine endometrial inflammation, it has limited value if not used in tandem with
uterine culture (86). Along with clinical and laboratory evidence of inflammation, uterine
cultures are essential to establish etiological diagnosis of bacterial endometritis.

Despite its diagnostic potential, a fiber optic examination is limited because it is
relatively invasive, cannot be routinely done under field conditions, and is limited to
university hospitals and specialized clinics. Hence, transvaginal uterine biopsy is often

the preferred tool not only to diagnose endometritis, both infectious and noninfectious,



but also to determine the ability of the mare to become pregnant and maintain that
pregnancy to term.

Ideally, physical, microbiological, and clinical findings can be correlated to
histomorphological changes found in the biopsy sample to provide a basis for
development of a therapeutic plan and prognosis for fertility. Hence, endometrial biopsy
aids in minimizing economic loss to the equine breeder from decreased foal production.
The uterine biopsy should not be the sole criteria used to determine the therapeutic
protocol of the problematic broodmare. It should be interpreted in conjunction with an
accurate reproductive history, thorough rectal and vaginal examination, endometrial
culture and cytology and ultrasonographic examination. Other ancillaries may involve
hysteroscopy and an endocrinologic evaluation.

The histopathological grading system recommended for interpreting the biopsy
and assigning breeding prognosis is the Kenney-Doig (52) four category (I, Ila, IIb and
III) system. The expected foaling rate for Category I is 80-90 percent, Category Ila is 50-
80 per cent, Category IIb is 10-50 percent and Category Il is 10 percent. Although there
is some controversy with regards to assigning the percentage foaling rate as compared to
the histopathological grades, it is universally accepted that there is reduction in foaling
rate as the grades increase. With so much importance being placed on the
histopathological grading the obvious questions that arise are:

1) Is histopathological grading affected by the location of the biopsy or
number of biopsy samples collected?

2) Is histopathological grading affected by the fixative used?



3) Is histopathological grading affected by the stage of estrus when the
sample is collected?

Although there have been published reports over the last three decades which
addressed various aspects of these questions, there is no uniformity in their results. As per
the guidelines published by the Society for Theriogenology (82) uterine biopsy samples
are to be submitted in Bouin’s fixative because it produces a firmer specimen than
formalin, with less tissue distortion and artifact on sectioning. Still other authors state that
10% buffered neutral formalin is a satisfactory fixative (97). However, there appears to
be paucity of publications addressing effects of Bouin’s fixative on uterine
histopathological grade as compared to formalin. Bouin’s has been the preferred fixative
for uterine tissue since the 70’s. The use of Bouin’s as a fixative for uterine tissue seems
to have been extrapolated from research carried out on fixation of testicular tissue (56).
However, there exists a trend to move away from Bouin’s, even in testicular tissue, as
there are less hazardous alternatives available (21,56). Hence, we decided to test the
hypothesis that Bouin’s fixative is the best for uterine biopsy histopathological grading.

In 1975 Bergman and Kenney (7) concluded that a single biopsy is considered to
be representative of the entire endometrium if no palpable abnormalities are noted.
Although several scientists have established that this conclusion is valid (11,102), they
expressed concern that future studies should take into account the location from which
the biopsy was obtained.

The morphological changes of uterine endometrium of the mare during its annual
reproductive cycle as well as through its estrus cycle have been well documented

(17,50,53,77,83,89). However, the significance of these routine changes to



histopathological grading has not been studied. We therefore proposed to measure
possible changes in the prognostic grading relative to the stage of the estrus cycle when

the biopsy was collected. In view of this the following study was undertaken.



Chapter 11

Literature Review
2.1. History of Biopsy

The use of endometrial histology for diagnosis of the health status of a mare’s
uterus is not a new concept and has been a standard procedure for about four decades.
There is literature dating back to 1925, when Seaborn described the gross and histologic
appearance of the reproductive tract of 19 normal mares after slaughter (81). There are
reports of similar publications in the following decades as well. During 1941 two groups
of scientists studied endometrial changes associated with the estrus cycle. Hammond and
Wodzicki (37)studied the endometrial changes associated with stage of estrus cycle in
ponies utilizing samples collected at necropsy (37). Similarly, Andrews and McKenzie
also described histological changes of the endometrium and reproductive tract of horses
throughout their estrus cycle (3). The latter, however, was the first to use consecutive
endometrial biopsies, besides several other techniques, to describe the changes of the
endometrium and other reproductive tract tissues.

The uterine biopsy, as well as culture techniques, continued to evolve over the
next couple of decades and, in 1969, Brandt and Manning managed to obtain biopsy
samples utilizing a gastrocamera fiberscope (16). They discussed changes associated with
the equine endometrium in a normal cyclic mare and a mare suffering from endometritis.

The next year Brandt found that a mare’s clinical status could be more accurately



diagnosed by endometrial biopsy rather than uterine/cervical swab culture (15). Thus he
restated the significance of endometrial biopsy to the equine practitioner. It was during
this decade that biopsy was first used clinically. Besides recording the description of
primary endometrial lesions, several new instruments and techniques were also
developed for the collection of the uterine biopsy sample.

Tobler used an instrument capable of not only obtaining fluid from the uterus but
also uterine biopsies (92) while Samuel, et al. utilized scanning electron microscopy to
examine uterine endometrium in different stages of estrus cycle, anestrus, and various
abnormal conditions and described the secretory and ciliary activity of the equine
endometrium as compared to other large domestic mammals and laboratory animals (77).

The 70’s saw further improvements in techniques and instrumentation as well as
comparisons between cytology and biopsy. It was during this decade that questions were
asked with regards to the advisability of using uterine biopsy or culture alone as a means
to diagnose uterine health (108). The uterine biopsy was studied with great intensity over
the next couple of years wherein histologic, cytologic and microbiological findings of
normal and infertile mares were studied by several scientists. No history would be
complete without mentioning the contributions made by Ricketts. He collected biopsy
samples of 134 mares using Yoeman’s basket punch forceps (60 cm in length) and
described findings of the different histological descriptions between acute and chronic
fibrotic endometritis, endometrial atrophy of aged mares, and endometrial hypoplasia and
hyperplasia seen in mares which are chromosomal mosaics and following abortion,
respectively (70,71). Ricketts was one of the few scientists who advocated the use of

Bouin’s solution for his biopsy samples in 1975. He also had a preference of collecting



the samples during diestrus as he felt that normal estrus cycle changes would make
interpretation of the sample difficult.

Robert Kenney not only studied the prognostic value of endometrial biopsy of the
mare but also developed a rating system for periglandular fibrosis by degree as well as
extent and described its relationship with fertility and prognosis for pregnancy (51). In
1975, Kenney and Ganjam found that lymphatic lacunae were quite common in older
mares and may occasionally lead to large endometrial cysts but generally caused
widespread change throughout the uterine horns (53).

In a retrospective study carried out in 1982 by Concha-Bermejillo and Kennedy,
where 79 biopsies were examined and graded using Kenney’s three category system, the
findings corroborated the work done by earlier scientists, in that, foaling rates were found
to decrease as the biopsy grade increased (20). These scientists found that although some
inconsistencies were to be expected in assignment of Kenney’s grading system due to the
fact that the prognostic grades are arbitrary, the magnitude of the discrepancy in their
study denoted that even experienced pathologists who do not routinely evaluate
endometrial biopsies would be likely to “misapply Kenney’s prognostic criteria”.

Slusher and associates in 1985 demonstrated that endometrial biopsy was an
invaluable tool to determine the degree of fibrosis, however endometrial cytology
specimen evaluation was superior in the assessment of response to intrauterine therapy
(86). Their findings also corroborated the notion that cytologic examination may be
superior to culture for the diagnosis of infection.

By the mid ‘80’s, with the development of proper techniques for uterine culture

(18), cytology (75,85,86) and immunological methods (103) and ultrasound examination



of the uterus (2), there were a number of options becoming available to the clinician for
evaluation and diagnosis of the infertile mare. However, uterine biopsy not only
competed with the newer diagnostic tools but held its own importance. In fact, a paper
published by Waelchi and associates, who compared the histologic, cytology and
bacteriological findings in 161 mares, showed that diagnosis of uterine pathology was
more accurate when multiple diagnostic modalities were utilized (100). It was apparent
from the study that culture results could be better interpreted in the presence of cytologic
and histologic findings.

A review published in 1988 by Steven Van Camp gave a detailed account of
progress of the uterine biopsy up to the 80’s (97). In the same year Katila studied the
histology of the post partum equine uterus and found the occurrence of neutrophils and
lymphocytes in the endometrium (47). He cautioned scientists that neutrophils and
lymphocytes were connected with the normal restoration of the endometrium post partum
and should not always be interpreted as a sign of infection. Similarly Williamson and
associates (1989) cautioned clinicians that biopsy should be utilized to assess the extent
of degenerative changes of the endometrium and whether these changes could affect the
mare’s ability to carry the foal to term (107). He concluded that it was not justifiable to
utilize uterine biopsy to predict whether a mare was resistant or susceptible to
endometritis.

In the early 90’s with the increasing understanding of immunology much
research was done to differentiate acute and chronic uterine infection and also study the
effects of certain lavage fluids and solutions (like DMSO) on the histological features of

the endometrium (59). In 1993, Troedsson et al., summarized that humoral, cellular and



physical defense mechanisms are involved in the resistance against persistent uterine
inflammation in mares (95). They found that in mares showing persistent endometritis,
reduced myometrial contractility at peak inflammatory response stage caused decreased
clearance of inflammatory products in the uterus and consequently a detrimental effect on
phagocytosis by the polymorphonuclear cells.

By the 90’s the use of biopsy was so firmly entrenched that the focus shifted from
studying about uterine biopsies to utilizing biopsies to study other parameters. In 1992
Darenius reported the histological, bacteriological and cytological findings of the uterus
after early fetal death in the mare (22). He found that acute as well as chronic
degenerative endometritis appeared to be the most common cause of early fetal death.

The following year, Heuer and associates studied the uterine fluid obtained from
15 diestrus mares and correlated their findings with their endometrial biopsy
classifications (42). They cultured 2-cell mouse embryos in each of the samples obtained
and concluded that the uterine secretions from different classifications affect the viability
of early murine embryos. In 1993, Reiswig and associates concluded that cytology, when
used with uterine aerobic culture, was as advantageous as biopsy in diagnosing bacterial
endometritis (69). However, uterine cytology was unable to detect the chronic
inflammatory/fibrotic changes revealed by histopathology.

In contrast to Williamson’s findings, Troedsson and colleagues found a
significant correlation between histology biopsy grade and susceptibility to chronic
uterine inflammation (93). Their study found that although moderate endometrial lesions

did not correlate consistently with resistance to chronic uterine infection, a histologically



normal endometrium was associated with resistance to chronic uterine infection and
severe histologic lesions were associated with susceptibility to chronic uterine infection.

Ferreira-Dias and colleagues studied the morphological characteristics of equine
endometrium classified as per the Kenney 3-category scale, using light and scanning
electron microscopy (30). They concluded that the degree of surface damage observed by
scanning electron microscopy paralleled the number of fibrotic nests that were seen by
light microscopy. They correlated the amount of surface swelling seen under electron
microscope to the amount of inflammatory infiltration observed under light microscopy.

In 1994, Held and Schneider compared endometrial cultures and histopathology
in assessing uterine infection in the mare (40). Their findings led them to believe that
when a uterine infection was suspected, the decision for treatment should be based on the
biopsy rather than the culture results. However, the culture would help in deciding the
appropriate anti-microbial treatment.

Gomez-Cuetara and associates (1995) utilized endometrial biopsy samples to map
the histological changes occurring in Andalusian, Thoroughbred and mixed breed horses
postpartum (33). The following year, Threlfall summarized the importance of
endometrial biopsy (90). He felt that the use of the biopsy should be mandatory for any
mare that has been bred and failed to deliver a viable fetus. He concluded that although
the biopsy could give prognostic information about inflammatory disease like
endometritis or endometrosis, it would be of no help in deciding the type of antibiotic
required and hence both diagnostics should be utilized simultaneously.

In 1996, the utilization of ultrasound as an alternative or an addition to other

diagnostic procedures to diagnose endometritis in the mare was published (67). Dascanio
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and associates also described the different diagnostic options in mare reproduction (23).
They reiterated the prognostic importance of equine biopsy for predicting ability of a
mare to maintain pregnancy, as well as stressed the importance of the practitioner to
examine the slide himself so as to gain a better understanding of the extent of the lesions.
They reported that on the basis of presence of neutrophils or lymphocytes one can
differentiate between acute or a more chronic lesion of the endometrium. Reilas and
associates (68) utilized endometrial biopsy to compare endometrial environment in estrus
mares with intrauterine fluid accumulation were. They detected that anechogenic fluid
accumulations during estrus were associated with fibrosis.

In the same year, Rickets and Barrelet published a retrospective review of
histopathological features seen in 4241 endometrial samples of Thoroughbred mares over
25 years which had some invaluable insights in the study of endometrial biopsy (74).
They concluded that endometrial hypoplasia is most commonly seen in younger mares
with delayed endometrial maturity while endometrial hyperplasia, most commonly seen
in younger mares, persists during delayed post-partum or post pregnancy failure of
uterine involution. According to their perspective, mononuclear cell infiltrations develop
in the endometrial stroma in relation to local immune responses to challenge by seminal
proteins, micro-organisms, environmental debris and the products of pregnancy during a
brood mare’s life. They felt that glandular degenerative changes and stromal fibrosis are
an inevitable change of aging and eventually lead to endometrial atrophy which is a
reflection of gynecological senility.

Welle et al. in 1997 used endometrial biopsy of 44 broodmares 3,6 and 9 days

postpartum to support his hypothesis that sufficient number of mast cells are necessary to
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ensure a normal post-natal period and that the equine endometrium presents a mast cell
subtype that is tryptase and chymase negative (106). With the growing importance of
mapping the immune cell component of the equine endometrium, the following year
Summerfield and Watson documented the distribution and number of endometrial
macrophages during the estrus cycle of both normal mares and mares susceptible to
persistent endometritis (89). They concluded that stage of the estrus cycle did not
influence the number of macrophage-like cells in the lamina propria and that endometritis
causes an increase in neutrophils in the endometrium.

To overcome the subjectivity and semi-quantitative nature of diagnosis of
periglandular fibrosis, Evans et al. tried to develop an objective, quantifiable assay of
endometrial periglandular fibrosis and correlate the findings with histologic and ultra-
structural changes (28). They concluded that morphometry could be used to objectively
assay equine endometrium as the results correlated well with morphological changes in
endometrial biopsy samples.

Ferreira-Dias and associates morphologically compared equine endometrium
categories (Kenney 3-category system) using light and electron microscopy and
concluded severe ultra-structural changes may be one of the key factors in decreasing
fertility of mares in category III as compared to the other two categories (31).

Betsch in 2000 completed a retrospective study of the endometrial biopsy in 485
mares (8). He graded the endometrial biopsies according to the modified Kenney and
Doig (52) four category system and found that there is a significant statistical relationship

between the severity of the lesion and the probability of the mare conceiving and carrying
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the foal to term. He calculated foaling rates of 68%, 47%, 28%, 9% in category I, 1la, IIb
and III, respectively.

The following year Ricketts and Barrelet utilized uterine biopsy to study the
ability of mares to respond to uterine abnormalities (73). The same year Steiger and
associates utilized endometrial biopsies of puerperal involution in mares to compare the
clinical signs and correlate them with the pathology to understand the alterations leading
to reduced fertility rate following peripartum disturbances (88).

Following the realization that the mare usually has an inflammatory response to
semen, the focus of many scientists was directed at mapping the inflammatory response
and understanding it. Tunon et al. were involved in the mapping of T-cell distribution in
the equine endometrium post insemination (96). Although they found no variation in
numbers of CD8+ cells either 6 or 48 hrs post insemination, there was an early (6h)
recruitment of CD4+ cells which the authors felt was related to the activation of the
inflammatory reaction seen during estrus. Similarly Troedsson and associates in 2001
studied the inflammatory response of the equine endometrium to semen (94). They
concluded that breeding related endometritis is both up and down regulated by seminal
components.

Due to the invasive nature of endometrial biopsy there were efforts to substitute
examination of endometrial biopsy samples with less invasive techniques that could
assess quantitative endometrial echotextural characteristics (60). The scientists found that
although their ultrasound equipment and technology could detect some associations

between mean endometrial numerical pixel value and biopsy grade there was no
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association detected with endometrial fibrosis. They felt that further studies with larger
number of mares would be required to confirm their findings.

In 2003 Schoon and Schoon wrote a critical review on the Kenney and Doig (52)
system of endometrial categorization and expressed their concerns about its inadequacy
due to its neglect of important histological findings like angioses and endometrial
maldifferentiation. They felt that with the current progress in equine gynecopathology
this system was “unacceptable from both medical and forensic aspects” (79). Another
scientist, Klug expressed the need to expand the conventional Kenney and Doig system
of classification as well (54). He argued that besides endometritis, endometrosis and
endometrial lymphstasis findings, endometrial angiopathies and glandular
maldifferentiation should be included together with conventional categorization and
“epicrisis” to achieve a fertility prognosis of the mare.

Mansour et al. in 2004 analyzed the epithelial structures of the mare’s
endometrium through histomorphometry of the luminal and glandular epithelial cell
heights, glandular lumen diameter, glandular density, percentage of glands with apparent
lumen and intraluminal secretion (61). Their study concluded that histomorphometry
could improve the consistency in biopsy evaluation by furnishing objective data.

In 2005 Nielsen conducted a study on endometritis and concluded that
bacteriological culture and cytology obtained from an endometrial biopsy would provide
the practitioner with most accurate result regarding both sensitivity and positive
predictive value (63). The following year Abd-Elnaeim and associates, while studying the
structural and hemovascular aspects of placental growth throughout gestation of five

mares, reinforced previous findings which showed the disadvantage of age-related
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endometrial degenerative changes (1). These changes have a deleterious impact not only
on the microplacentome development but on both the extent and intimacy of physical and
hematological contact at the fetomaternal interface and thus consequently on fetal
growth.

Falomo et al. in 2006 showed that interpretation of bacteriological, cytological
and histological examination findings are not always easy and “univocal” (29). They
showed the importance of performing and comparing all the three in order to express a
correct diagnosis especially in old mares, mares with an unknown history or those with a
history of infertility and endometrial pathologies.

Scientists have known for some time that “blind” biopsies do not always
accurately reflect the true condition of the endometrium. Studies of biopsies of 40 mare
by Hecker and Hospes proved that that there was a distinct advantage of utilizing
endoscopically obtained biopsy specimens in mares with local irregularities of the
endometrium as a more definitive diagnosis could be made (38).

To reiterate Katkiewicks and colleagues in 2007 evaluated the structural changes
in 107 mares and recommended utilizing endometrial biopsy as a method to get the exact
diagnosis of the health status of the uterus (48). It should be noted that in addition to
normal hematoxylin-eosin staining they also utilized other staining protocols as well as
immunoperoxidase methods.

Also in 2007, Schlafer in a review article, concluded that “Although classic
histopathology will likely remain a central tool, using additional histochemical and
immunohistochemical procedures would provide valuable information.” He further

stated that the introduction of molecular techniques like FISH, RT-PCR and genetic
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arrays analysis was inevitable and would lead to detailed information about the health
status of the uterus. Furthermore, the introduction of quantitative testing would minimize
the subjective analysis of the endometrial biopsy by providing greater accuracy and thus

the value of endometrial biopsy would be enhanced due to its expanded use (78).

2.2. Biopsy Categorization

In 1978 Kenney categorized equine endometrial biopsies into 3 grades (I, IL, III)
depending on their inflammation and fibrosis with grade I exhibiting insignificant
changes and grade III having a high degree of pathologic change (50). This was one of
the early protocols utilized by pathologists to classify endometrial biopsies. Kenney used
a custom built biopsy forceps (70 cm in length) with punch consisting of alligator jaws
and basket for collection of uterine biopsy samples. This instrument is the forerunner of
the modern uterine biopsy forceps. Kenney was of the opinion that the biopsy sample
could be collected at any stage of the estrus cycle including during estrus after breeding
without interfering with the pregnancy.

The true genius of Kenney was evident in the fact that this categorization,
although dependent on the pattern, type and degree of extensiveness and severity of the
inflammation and fibrosis seen in the biopsy sample, also took into account the stage of
estrus cycle, the physical, gross, microbial and endocrinologic findings made by the
clinician before interpreting the histologic findings. He called this “epicrisis” and he
believed that while the category applied to the endometrium alone, the epicrisis would
enable all the facts to be put together to predict the ability of the mare to become

pregnant and carry a foal to term. He described the normal histologic changes that occur
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during the estrus cycle and the standard procedure for obtaining a biopsy in the mare. He
defined the candidates to undergo uterine biopsy as well as correct procurement and
processing of the sample. Kenney advocated that a biopsy less than 1cm in length was
inadequate which is a rule upheld to this date. Kenney preferred to fix the uterine tissue
biopsy in Bouin’s fixative for the 1* 24 hours before replacing it with 10% formalin or
70% ethanol because according to him “formalin fixative produced more tissue shrinkage
and loss of cytological detail”. Kenney attempted to correlate the pathological findings to
their effect on fertility and prognosis for pregnancy and stated that a mare’s uterus could
improve and be reassigned a new category.

Kenney was not the only person to invent a grading system for uterine biopsy
samples based on the histological findings. In 1978 Shideler presented prognostic grading
categories for the uterine biopsy (83). Both systems were similar in that they used a three-
tier rating scale. Mares belonging to the first category were normal to mildly affected,
while those belonging to second category were moderately abnormal causing a decrease
in fertility but could be reversed with proper care and management. The third category of
biopsy had a poor prognosis and showed marked pathological changes both in degree and
extent of the histologic lesions. Based on the biopsies of 86 mares Shideler found that
foaling rate for category 1, 2 and 3 were 73.8%, 42.9% and 18.8%, respectively.
Similarly, Kenney studied the uteri of 285 mares and he too determined that there was
reduction in fertility rates as the endometrial category increased and he reported foaling
rates of 70-92% for category I, 50-67% for category II and 4-10% for category III (49).

Both these systems had hardly been accepted when scientists began to realize that

a majority of the mares’ problems fell in the second category of histopathological
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grading. Around that time, Gordon and Sartin, found that decreased reproductive
performance was most commonly correlated with advancing age, poor perineal
conformation, increased number of years barren, and a history of abortion, as well as
moderate to severe fibrosis of the endometrium (34). They proposed a four category
system wherein they modified the Kenney system by subdividing Kenney category II into
two categories depending on the degree of fibrosis (i.e. mild to moderate or moderate to
severe). Group I consisted of normal mares, while group II consisted of mares that were
fertile after appropriate therapy. Group III consisted of mares that had the potential to
conceive but not carry the foal to term while group IV consisted of mares who would not
conceive.

Similarly in 1981, Doig et al. (24) came up with 4 category system of grading for
uterine biopsies which was a modification of Kenney’s system. They separated moderate
fibrosis from severe fibrosis into different categories and designated the categories from
A to D. They determined that the effect of mild to moderate fibrosis could be overcome
with good management. Another important deduction made by them was that number of
years the mare was previously barren also affected the prognosis within each category
except category A. In 1982, Asbury modified the Kenney category II into (IIi) depending
on presence of inflammation or category (IIf) due to presence of fibrosis or category (Ilif)
if both were present (4). His conclusions corroborated the findings of other scientists as
he found that fibrosis was more important than inflammation in the process of assigning a
prognostic grade to the biopsy sample. He emphasized that a mare, despite being
histologically positive for inflammation, should be mated rather than treated provided the

mare’s endometrial culture was negative and she showed no clinical signs.
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There are several other systems of categorization of the uterus of the mare but the
one most commonly used was developed in 1986 by Kenney and Doig (52) . They
proposed a four category system which subdivided the category II of the original Kenney
scale into Ila and IIb. The most discerning point of this system of categorization is that it
consists of an additive scale where in a mare with more than one qualifying lesion in the
endometrium is assigned to the lower prognostic category. Hence mares having minimal
or no notable pathological changes in the architecture of the endometrium are included in
Category 1. Similarly Category II consists of samples have changes that decrease the
mare’s ability to conceive or carry foal to term. Depending on the nature, frequency and
distribution of the histologic architectural changes the biopsy would be categorized as Ila
or IIb. Factors like slight to moderate inflammatory cell infiltration of stratum
compactum, which may be diffuse or scattered, scattered but frequent foci of
inflammation and fibrosis, scattered periglandular fibrosis of gland branches or nesting of
glands or widespread lymphatic lacunae whether occurring singly or in combination are
considered while assigning the grade. Category III consists of mares having endometria
with widespread and/or severe pathological changes that diminish or prevent the mare’s
ability to conceive or carry foal to term. These factors are generally considered
irreversible, unless the grade was based entirely on severe inflammation.

There are at least two other notable systems of histopathological classification of
endometrial samples in existence today, Shideler and associates system of classification

(84) and Ricketts and Alonso’s system of classification (72).
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2.3. Change of biopsy findings with season and year:

There have been several articles published which deal with the effect of the
normal estrus cycle changes, annual cyclic pattern and age of the mare on its uterine
architecture. In 1941 Hammond and Wodzicki reported a histological difference in the
uteri in cycling mares depending on the stage of the cycle in which the sample was
collected and it was not as well defined as in other species (37). Some of the most
significant work of describing the histological changes during the estrus cycle was done
in the 70’s (15,34,77). Amongst them, Kenney deserves a special mention as he
meticulously charted the histological changes of the endometrium and combined them
with physical and behavioral findings so that the changes associated with estrogen and
progesterone and their target organs could be determined (50). Similarly Ricketts too
mapped the histological variations associated with the estrus cycle in the mare and
interpretation of its findings in relation to the reproductive evaluation (71).

In 1982, Britton monitored the endometrial changes associated with the annual
reproductive cycle with the help of cytology and biopsy and found that there was no
consistent pattern of cell change throughout the cycle (17). Gross and LeBlanc studied
the effect of seasonal morphologic changes of the endometrium of 5 mares and its effect
on the histologic interpretation of periglandular fibrosis (35). Although they used
Kenney’s three category system of histologic classification, they found that seasonal
changes of the endometrium affected quantitative assessment of fibrosis and
consequently resulted in occasional changes in the assigned prognostic grade of the
endometrium. This is a very significant finding considering that they used the precaution

of utilizing the services of a single pathologist to interpret the slides and thus avoid bias
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in histologic interpretation. In fact, Kenney and Doig stated that although the uterine
biopsy could be collected at any time due to the ease of dilatation of the cervix, the
inexperienced practitioner may need to obtain biopsies only during diestrus to minimize
the variability in the endometrial architecture during interpretation (52). They not only
described the histological variations between the seasons of the year but also variations
related to stages of the estrous cycle within the physiological breeding season.

In addition to the histological variation between different stages of the estrus
cycle there are several other changes that take place. Equine uterine cytology and culture
results also vary with the different stages of the estrus cycle (101). Waelchli and
associates discovered that there was a trend to get more positive cytological samples
during estrus as compared to diestrus or anestrus. Although the culture results did not
differ significantly between the cycle stages, they determined that estrus should be the
preferred time for uterine examination.

In 2000 Aupperle and colleagues studied the cyclical endometrial steroid
hormone receptor expression and proliferation in the mare (5). They realized that in areas
of endometrosis or fibrotic areas due to the asynchronous glandular differentiation, the
epithelial hormone receptor expression is out of phase. Similarly in 2005, Hedberg and
associates studied the behavioral differences during the estrus cycle of the mare by
studying their response in a novel object test and isolation test (39). Recently Hirsburner
and associates compared the myometrial motility of uterine smooth muscle depending on
the phase of the estrus cycle. They observed that in the longitudinal layer and in diestrus

more contractions were seen over time that in circular layer and estrus (43).
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2.4. Endometrial biopsy and relationship with age:

There are several research articles which established a correlation between
increasing age and infertility and increase in endometrial fibrosis. One of the first teams
to discover that decreased fertility was associated with advanced age, number of years the
mare was barren, history of abortion, perineal conformation as well as degree of fibrosis
was Gordan and Sartin (34). In 1981, these findings were confirmed by Doig and
associates who found that the age of the mares and the average number of years barren
increased with the severity of fibrosis noted in the biopsy samples. They also concluded
that fertility depended on number of years that the mare was barren and that increased
incidence of fetal loss was directly related to increasing severity of endometrial fibrosis.

Leishman and associates found that the number of layers of fibrosis surrounding
glands in the deep part of the lamina propria were directly correlated with the years of
barrenness (58). They found significant atrophy of the uterine glands that in mares that
were barren for more than 3 years. Waelchli showed that mares older than the age of 11
had, on average, a higher Kenny grade scores and significantly lower fertility than
younger mares (99). He concluded that even under non-uniform breeding management
conditions, an endometrial biopsy had considerable prognostic potential and that the age
of the mare must be considered while estimating her fertility potential.

In 1992, Held and associates compared data for 850 mares and determined that
early pregnancy loss was associated with the age and biopsy grade but not with parity.

More importantly they discerned that since more severe histological changes associated
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with age occur in both primi- or multiparous mares, age related changes occur
independently of previous pregnancy (41).

Gruninger and colleagues evaluated the morphology of endometrial blood vessels
in uterine biopsy specimens from mares of varying age and parity (36). They found
inflammatory vascular alterations in 20.5 % of the specimens, while only maiden mares
showed unaltered vessels. Vessels of older mares were frequently affected with sclerotic
changes. They established that incidence and severity of the angiosis increased with the
number of previous pregnancies as well as advancing age of the mare. They were able to
correlate that infertility in older, multiparous mares might be linked to angiosis. Recently
Walter and associates concluded that chronic degenerative disease of the mare's
endometrium is often characterized by changes in the uterine glands, including cystic
dilation, hyperplasia and periglandular fibrosis (104). Additionally, mineralization of the
cystic glands occurs and it was identified as osteopontin and bone sialoprotein in the
lumen while osteonectin was seen in the glandular epithelium.

Many other articles relating to inflammation (57,68) immunological response,
hormonal receptors and pathology (5,31,35,39,43,72,93,98,106,109) of the equine
endometrium have been published to date. However, those reviewed above provide the

clearest overview and context.

2.5. Effects of endometrial biopsy on the reproductive cycle:
Since endometrial biopsy is a surgical procedure, however benign it may appear,
it does cause disruption of the normal reproductive environment of the uterus. Slight

bleeding from the biopsy site is the most common sequelae seen (82). However, in 1976
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Nitschelm and Van der Horst showed that uterine stimulation by the act of collection of
biopsies on a daily basis can result in occurrence of estrus symptoms with progesterone
content in blood higher than 1 ng/ml (64).

In 1978 Hurtgen and Whitmore showed that collection of an endometrial biopsy
or culture on day 4 after estrus caused lysis of the corpus luteum as evidenced by a sharp
decline in progesterone level and shortening of the interestrus interval (46). They
attributed this to the fact that both techniques required cervical manipulation. A year later
Hurtgen and Ganjam postulated that these changes in the estrus cycle of mares following
intracervical or intrauterine manipulations during the luteal phase may directly or
indirectly stimulate release of endogenous prostaglandin resulting in corpus luteum
regression (45).

On the other hand Saltiel concluded that uterine biopsy did not affect estrus cycle
unless uterine infection is present or induced during the procedure (76). In 1981 Baker
and associates refuted this finding (6). They found that length of diestrus in mares did not
change when biopsies were collected during estrus; however, biopsies collected post-
ovulation day four induced premature luteolysis and reduced length of diestrus. They
found negative results on bacterial cultures pre and post collection and thus concluded
that the change in the estrus cycle was not due to uterine infection. They also postulated
that infusion of gentamicin solution after collection of biopsy on post-ovulation day 4
prevented premature luteolysis. Ellsworth-Swihart and colleagues found that parental
administration of phenylbutazone could block the luteolysis induced by uterine biopsy on
day four post-ovulation possibly as a result of inhibiting prostaglandin synthesis from the

inflamed uterine tissue (27).
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In 1989 Gilbert studied the effect of collection uterine biopsy samples at different
phases of the cycle on the estrus cycle length (32). Gilbert found that ovulatory interval
was shortened in mares where in the biopsy was collected on days four and eight, it was
lengthened when samples were collected on days 16 and 20 while cycle length remained
unchanged if sample collection was on days 0 and 12. He concluded that these findings
were similar to those found in bovine.

In 1992 Watson and Sertich studied the effect of repeated collection of multiple
endometrial biopsy specimens on subsequent pregnancy in mares and concluded that it

did not adversely affect pregnancy rate in genitally normal mares (105).

2.6. Representativeness of Site and location of endometrial sample:

Prior to the late 1980’s scientists and clinicians had come to a consensus about the
number of biopsy samples to be collected to be representative of a mares uterus. Both
Ricketts in 1975 (71) and Bergman along with Kenney in 1975 (7) suggested that in
absence of any palpable abnormality of the uterus a single mid-horn biopsy sample would
be representative of the histopathology of the entire endometrium. However, if any
palpable abnormalities were detected more biopsies would be required. Kenney and
Bergman further stated that abnormalities detected prior to the procedure should also be
biopsied.

In 1987, Blanchard, Kenney and associates reinvestigated the representativeness
of a single endometrial sample (11). Although they found a significant difference in
occurrence and severity of inflammation among locations, there was no difference for

other findings. Their findings supported Kenney and Bergman’s findings and they
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concluded that one biopsy was generally representative of the entire endometrium except
when there was doubt or concern about a Category III biopsy. In these instances, a repeat
biopsy should be done. They found that biopsies taken near the cervix may have fewer
glandular elements and thus may affect the grading pattern. They did caution that future
studies should take into account location from which the biopsy sample is attained.

A similar study was undertaken by Waelchli in 1989 who corroborated the finding
by concluding that in most cases a single biopsy examination, in combination with a
thorough clinical exam, should be adequate to assess the mare’s endometrium (102). In
1991, Ricketts and Alonso studied the assessment of breeding prognosis on the basis of
paired biopsy sample taken before and after treatment. Thus, this paired biopsy sample
took into account the mare’s ability to respond to treatment and was found to be more

accurate in the predictions of live foal than a single biopsy sample.

2.7. Endometrial Maldifferentiation:

While endometrial histopathologic lesions have been described thoroughly in the
literature, a relatively new classification of endometrial pathology has recently been
described. In 1999, Schoon and colleagues described the functional morphology of
endometrial maldifferentiation in mares in which the primary diagnosis was based on the
investigation of routine hematoxylin-eosin stained formalin fixed biopsy samples
supplemented by immunohistochemical techniques (80). They suggested that endometrial
maldifferentiation should be considered in the assessment of biopsy specimens as an

important parameter leading to fertility problems.
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Ellengerger, along with Aupperle and other associates in 2002, studied
endometrial maldifferentiation caused by ovarian disorders in the mare with the help of
biopsy morphology, endocrinological levels and immunohistochemistry (25). The
endometrial maldifferentiation varied in type and degree, depending on the type of
ovarian abnormality. Following ovariectomy the biopsy samples revealed diminished
presurgical morphological irregularities and diminished atypical expression patterns of all
immunohistochemical parameters. Hence they concluded that in cases of clinically
apparent megaovary of unknown origin, histopathology of the endometrial biopsies may
aid in the characterization of the lesion as an hormonally active ovarian disorder.

Again in 2005, Ellenberger et al. studied the immunohistochemical characteristics
of equine endometrial maldifferentiation and its relationship with uterine secretory
proteins (26). They found that endometrial maldifferentiation was characterized by
abnormal expression patterns of steroid hormone receptors, atypical stromal expression

of desmin, discontinuous glandular basal lamina and disturbed secretory protein patterns.

2.8. Choice of Fixative:

Bouin’s fluid was first described in 1897 and utilized for the study of
spermatogenesis (14). The first article that the author can find when Bouin’s fluid was
utilized for female reproductive tissue was by Newman in 1912 for the study of ovum in
nine banded Armadillo (62). Bouin’s and several modifications of the original formula
have been in use since the 1900’s. In fact, it was used by entomologists, botanists,
zoologists and marine biologists. The author, however, would like to note that although

utilization of Bouin’s solution for histopathology of the equine endometrium was
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mentioned in 1975 by Ricketts (71), the author did not find any prior study comparing
Bouin’s with 10% neutral buffered formalin (NBF) for endometrial biopsy. However, a
study in 1976 did compare the quantitative differences of fetal rat lenses fixed in Bouin’s
as compared to formalin (9). They concluded that Bouin’s produced less shrinkage,
artifact and better visualization of mitiotic figures than formalin.

Several authors mention their preference to use Bouin’s solution for 2-24 hours of
histopathological fixation of endometrial samples (24,35,49,58). In 1980, Kwittken’s
study concluded that Bouin’s solution was superior to formalin in overall fixation for
tissue pathology (55). It would be noteworthy to mention that he was primarily concerned
with cutaneous histopathology. Still other authors continued to utilize NBF for
endometrial samples (17,85,102).

Some authors mentioned that formalin caused tissue shrinkage and loss of
cytological detail (50). Boonstra and colleagues in 1983 measured the cervical tissue
shrinkage caused by formaldehyde fixation, paraffin wax embedding, section cutting and
mounting and found that it was approximately 15% of the original dimensions (12).

In 1984 Chapin and associates compared the effect of testes from rats, mice and
rabbits fixed in different fixatives and embedded in either paraffin or glycol methacrylate
(19). They concluded that in paraffin, Bouin’s or Helly’s fixative produced the fewest
artifacts when tissues were embedded in glycol methacrylate, NBF produced the greatest
intracellular detail. Steven van Camp in his 1988 review stated that Bouin’s solution
tended to harden tissue and thus help maintain the architecture of the endometrium (97).
He stated that the histology laboratory and the interpreter should be consulted as to the

fixative they preferred.
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The concerns about toxicity of formalin have resulted in the search for alcohol
based fixatives for light microscopy. Bostwick and associates compared NBF to an
alcoholic fixative and found that there was no significant difference in quality of fixation,
and alcohol-polythylene glycol was a suitable substitute to formalin for routine diagnostic
surgical pathology (13). Prento and Lyon in 1997 disagreed with this finding and
concluded that none of the proposed commercial substitutes for formalin are adequate for
critical histopathology (66).

In 1996 Sertich presented an article at the annual conference for the American
Society of Theriogenology which recommended the use of Bouin’s fixative for
endometrial biopsy fixation (82). Although there are several articles available discussing
the type of fixative for testicular tissue, ones for uterine tissue are rare. Currently
researchers have found that although the world-wide regulatory body for testing effects of
medicinal products and chemicals on reproduction has recommended Bouin’s fixative
instead of formalin for testicular tissue, there may be a third fixative that is better. Creasy
and Jonassen suggested the use of modified Davidson’s fixative (mDF) which contained
15% ethanol, 5% glacial acetic acid and 30% formalin (21). In the same context
Latendress and associates in 2002 confirmed this finding for both testicular tissue as well
as eyes (56). This finding was again corroborated in 2005 by Howroyd and colleagues
when they compared mDF against NBF and Bouin’s fixative (44). They found that the
mDF performed better for fetal rat testis as well and they stressed the importance of
establishing the correct fixation conditions for each immunostaining protocol. The most
recent article to work on feline testis again showed the superiority of Bouin or

Davidson’s fixative over formalin for histological processing (87).
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While Bouin’s fixative has been recommended for use with testicular biopsies, it
is not without drawbacks. Besides having the risk of over-hardening tissues Bouin’s
fixative is labor intensive, requiring multiple alcohol rinses to remove picric acid for
optimum preservation and immunohistochemical detection of tissue antigens that may
potentially be used to identify and quantify cells and functional proteins with critical
roles. The picric acid in Bouin’s fixative is a health and safety hazard, as well as a
laboratory waste disposal problem (55). Furthermore, picric acid when allowed to
crystallize is a dangerous explosive. In summary of this part of the review, NBF and
Bouin’s fixative have significant drawbacks, whereas mDF may be a superior fixative to

use for fixation of reproductive tract tissue samples.
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Chapter 111

Material and Methods

3.1. Animals

Ten open adult, cycling mares, with ages varying from 8-15 years, in residence at
the Oklahoma State University College of Veterinary Medicine (OSU CVM) Ranch were
used in this study. All the selected animals were normal on physical examination as well
as had a normal appearing reproductive tract on physical examination and
ultrasonographic examination. The study was undertaken between April 15 and July 15
of 2006. All the guidelines of the Institutional Animal Care and Use Committee of

Oklahoma State University were followed throughout the experiment.

3.2. Ultrasound

The machine used was an Aloka 500 ultrasound scanner with a transrectal 5 Mhz
linear transducer. The mares were scanned on a three times per week basis to gather
information on the length of their estrus cycles and note their date of ovulation. After this
information was gathered the mares were followed closely to determine the phase of
estrus. Mares were considered to be in estrus when they had a pre-ovulatory follicle
larger than 35 mm in diameter. There was an associated increased heterogeneous
echotexture of the endometrium due to increased edema of endometrial folds and a
palpably softening of the cervix. This was when the estrus samples were collected.

Similarly diestrus was defined as the period when no follicle was above 25mm and there
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was a functioning corpus luteum in one of the ovaries, increased homogenous
echotexture of the endometrium as well as palpably firm cervix. It is important to note
that ultrasonic appearance of the mare uterine tract was not the sole criteria for
determining estrus and diestrus and that these findings were correlated to the estrus cycle
noted in each mare. A period of 45 days was allowed after the first collection (i.e. estrus)
before the second sample set was collected (i.e. diestrus). This was done with an idea to

minimize the effects of the first biopsy set on the second set.

3.3. Biopsy

Three sites, base of the right and left uterine horn and uterine body, were biopsied
from each mare. The mares were restrained in stocks with their tails wrapped. Their
rectum was emptied and the perineum was cleaned using chlorhexidine scrub 2% and
rinsed with water. Jackson uterine biopsy forceps with an overall length of 60 cm with an
alligator type sample basket of 20 X 43 mm (Jorgensen Laboratories, Inc., Loveland, CO)
were used to collect the biopsy samples. The clinician used sterile shoulder length sleeves
covered by a sterile surgical glove that was sufficiently lubricated with sterile water
soluble lubricant. The closed sterile biopsy forceps were inserted with the sterile gloved
hand into the caudal genital tract. Using the forefinger of the sterile gloved hand as a
guide the biopsy forceps was passed through the cervix and into the uterine body. The
closed biopsy forceps were stabilized within the uterus with the opposite hand while the
gloved hand was withdrawn and placed rectally.

By manipulation per rectum the biopsy instrument was positioned on the ventral

aspect of the base of one of the uterine horns. The jaws of the basket were then opened
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while an endometrial fold was pushed inside the jaws per rectum. The forceps were then
closed and withdrawn. Care was taken that the sample obtained was large enough for it to
be divided into three > 5 mm linear sections with a surgical scalpel blade and placed in
the three different fixatives. This procedure was repeated for the opposite horn as well as
the body of the uterus. The whole procedure was repeated for collection of both estrus

and diestrus sample sets.

3.4. Tissue handling and fixation

The three fixatives chosen were 10 % normal buffered Formalin (NBF), Bouin’s
fixative and modified Davidson’s solution (mDF). All three fixatives were obtained from
Oklahoma Animal Disease Diagnostic Laboratory (OADDL). The mDF was prepared as
per formula obtained from Latendresse et al. (56) which included 30% of a 37-40%
formaldehyde, 15% ethanol, 5% glacial acid, and 50% distilled water.

The uterine biopsies from each site of each mare (left horn, right horn and body)
were divided and fixed in each of the above 3 fixatives. This procedure was repeated for
the diestrus collection as well. For samples in NBF and mDF, the tissues were allowed to
fix for 24 hours and then transferred to 70% ethanol and kept there until processed.
Samples fixed in Bouin’s fixative were removed after 8 hours of fixation and transferred
to 70% ethyl alcohol (ETOH). Post fixation, the ETOH was changed 2-3 times over the
course of the day before transferring the specimens to a saturated solution of 70% ETOH
and lithium carbonate to neutralize the picric acid in Bouin’s fluid. This solution was
changed 2-3 times further until the yellow color of Bouin’s fluid was almost completely

depleted from the sample. The samples were then stored in 70% ETOH until processed.
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After trimming the tissues were processed through graded alcohols and xylene,
embedded in paraffin, sectioned at Sum, mounted, and stained with hematoxylin and

eosin before being cover slipped.

3.5. Histopathological Grading

All the samples were then coded so that the pathologist was blinded to biopsy site,
fixative and stage of estrus. The slides were graded histopathologically according to the
Kenney and Doig (52) four category system (I, Ila, IIb and III) by a board certified
pathologist who is accustomed to reading endometrial slides. Once all the slides were

graded the samples were decoded and statistical analysis was performed.

3.6. Statistical Analysis

The statistical analysis was performed using PC-SAS software (SAS Institute,
Cary, N.C.). The significance of site, fixative and time of collection was compared using
analysis of variance (ANOVA) procedures (PROC MIXED in SAS) assuming a
randomized complete block design with split plot arrangement where the block was the
mares, the site of collection was the main plot factor and the split unit factors were
fixative and time.

Additionally the data were also subjected to regression analysis followed by
forward step wise regression analysis with the biopsy score assigned as the dependent

variable and the criterion for an independent variable to enter was P <0.1.
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Chapter IV

Results

Once the slides were given histopathological grades as per the Kenney and Doig
(52) scale by a single pathologist blinded to site, fixative and stage of estrus, they were
decoded. The decoded data were analyzed statistically using the analysis of variance
procedure with a randomized complete block design with split plot model. No interaction
was seen between the tree variables i.e. site of collection, fixative and stage of estrus
cycle. The result of the histopathological grading for each horse is shown in Appendix 1.

In addition the data were also subjected to forward step wise regression analysis
with the biopsy score assigned as the dependent variable and the criterion for independent
variable to enter was P <0.1. Even with such a liberal criterion, stage of estrus cycle was

the only variable that could be included significantly.

4.1. Comparison among Sites:

Assigned histopathological grades of endometrial biopsy samples obtained from each
respective site (i.e. left horn, right horn and uterine body) from individual mares were
compared to assess potential intra-mare differences among grade and site of biopsy.
There was no significant difference in the endometrial grades (p = 0.5299) among the
sites of sample procurement. The means and standard errors intra-mare are shown in

Table 1. Our findings indicate that there is no significant variation in histopathological
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grading irrespective of the site of collection of the biopsy sample. So a sample collected
from any of the three locations (i.e. left horn, right horn or body of the uterus) would be
representative of the histopathological grade of the uterus provided no abnormalities were

detected.

Table 1. Result of analysis of intra-mare variance between grade and site of biopsy.

Site of collection Mean Standard Error
Body of uterus 3.08333 0.079872

Left horn of uterus 3.08333 0.083333

Right horn of uterus 3.15245 0.089852
p=10.5299

4.2. Comparison between fixatives:

The three fixatives, buffered neutral formalin 10%, Bouin’s and modified
Davidson’s we used to collect the sample were compared to assess their effect on the
grading pattern for each site and the results showed no significant difference regardless of
which of the three fixatives was used (p = 0.6373). As per the low standard error we can
discern that there is very little variation in histopathological grading for an endometrial
sample collected from a particular site of the uterus regardless of the 3 different fixatives
used (Table 2).

When we compared the results of the biopsy scores in formalin, which is taken as

the gold standard for most histopathology, with samples collected in the other fixatives
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(i.e Bouin’s or mDF) we see a negative coefficient (-0.24). Although the estimate of this
measure is not statistically significant it does point to an improvement in the biopsy score

if fixatives other than formalin were used.

Table 2. Result of analysis of intra-mare variance between histopathological grade

and fixative used for sample collected at each site.

Fixative Mean Standard Error
Bouin’s Fixative 3.06667 0.081880

10% neutral buffered formalin 3.13333 0.093478
Modified Davidson’s 3.11864 0.076773
p=0.6373

4.3. Comparison of time of collection:

We compared the time of collection of endometrial biopsy (i.e. estrus vs.
diestrus). A graphical representation of the data at diestrus and estrus collections shows
that the histological grades at estrus are consistently higher (Fig. 1). Analysis as per the
regression model shows that with an R square of 0.050, stage of estrus cycle accounts for

5% of variation in the biopsy score.
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We did find a significant difference in the histopathological grading scale
depending on the time the sample was collected (p = 0.0001). Thus a paired biopsy
sample taken from a mare at different stages of the estrus cycle may show variation in
their histological grades despite using the same site of location or similar fixative. (Table

3)

Table 3. Analysis of variance between histopathological grade in mares and the

stage of estrus cycle the sample was collected:

Time of Collection Estrus Mean Standard Error
Diestrus 2.95506 0.074800

Estrus 3.25556 0.058190

p =0.0001
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Chapter V

Discussion

Endometrial biopsy has proven to be a vital diagnostic tool in mare reproductive
management. Although histopathology will continue to be the central basis for diagnosis
of the health of the uterus, new emerging technologies and their application to the biopsy
will not only expand the use of biopsy to predict the health status of mare’s uterus but
also minimize the subjective nature of histopathology (78).

It may be argued that the histopathological grading system as presented by
Kenney and Doig (52) has outlived its efficacy and needs a long overdue upgrade to be
consistent with the modern technologies available. Currently, the grading pattern does not
take other pathological criteria like angioses and endometrial maldifferentiation into
consideration, these should be included together with conventional categorization and
“epicrisis” to achieve a more representative fertility prognosis of the mare (54,79).

Since the emphasis in the foreseeable future will be on predicting the health status
of the uterus of the mare on the basis of tissue taken from an endometrial biopsy, we
elected to reinvestigate the extent to which taking one sample was representative of the
entire uterus and if choice of fixative has an impact on the biopsy grade. Our results
corroborated the findings of Ricketts (71) and Bergman and Kenney (7) since there was
no significant difference between the histopathological grades from tissue collected from
the left horn, right horn or body of the uterus. Our results are from mares with no

abnormalities of the uterus that could be detected either by palpation or transrectal
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ultrasound. Kenney and Doig reiterated these findings in 1986 and noted that tissue
sample “should be a minimum of 10 to 20 x 3 x 3 mm in size for proper histologic
interpretation” (52). Blanchard and associates found significant differences in occurrence
of inflammatory changes depending on site of biopsy collection; however, along with the
fibrotic changes from samples at different locations, they too concluded that one biopsy
was generally representative (11). However, they expressed their concerns on a few of
their findings. For example, a grade III biopsy score, should be repeated. Also location of
biopsy, if taken near the cervix, may exhibit a decreased number of glandular elements
thereby affecting the mean number of fibrotic nests present. Thus, although they agreed
with the consensus on this issue they did have a word of warning for practitioners and
pathologists alike. Since our biopsy sites were not located near the cervix, there is little
danger of this affecting our findings. Our results did not concur with the findings of
Ricketts and Alonso, although our samples were paired as well. This may be due to the
fact that no treatment was done between collections of the paired samples as in their case
(72).

It would be pertinent to mention that in most cases pathologic changes occur
uniformly throughout the surface of the endometrium, but occasionally they do tend to be
incompletely uniform and thus confirmation of the pathologic changes may require a
biopsy at a different site. Unless quantitative measurement techniques are applied to
analyze routine endometrial tissue samples, histopathology reading will remain
subjective. Hence, one must never condemn a mare on the basis of a single biopsy alone.
Lastly, one should also consider that although the endometrial pathological changes

diagnosed by histopathology point to a decreased ability of the mare to carry a foal to
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term, these mare are not sterile. So one does have to consider the value of the mare’s
offspring as it may be worth the expense of maintaining and breeding the mare over
several years and / or utilizing assisted reproductive techniques such as embryo transfer
(52).

We hypothesized Bouin’s to be a better fixative than NBF, and mDF to be the
best of all the three fixatives used for the study. For years Bouin’s has been touted as the
best fixative for endometrial biopsy for its ability to preserve certain tissues and it’s
compatibility with trichrome stains. Kwittken did complete an objective study on
cutaneous histopathology and concluded that Bouin’s was better than formalin for several
reasons (55). Bouin’s fixative has been recommended for endometrial biopsy fixation by
the Society for Theriogenology and the American College of Theriogenology in their
symposia (82). However, depending on the preference of the histology laboratory and
interpreter, NBF or Bouin’s fixative has been used predominantly. Steven van Camp in
his review stated that although most scientists preferred Bouin’s because “the solution
hardens the tissue and helps maintain the architecture of the endometrium”, there were
still other scientists who “found that putting the tissue directly in 10% buffered neutral
formalin is satisfactory” (97). In this study we found no significant change in
histopathological grading irrespective of the fixative used.

In 1987, the Formaldehyde Standard became law in the United States, alerting
laboratory workers to the potential carcinogenicity of formaldehyde and laid down
threshold levels to minimize exposure of employees (65). This led to a trend to move
away from formaldehyde containing fixatives, or at least limit their quantities. Bouin’s

fixative is composed of the following constituents; buffered formaldehyde, acetic acid,
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and picric acid. This solution is generally considered to be hazardous. Specifically,
picric acid and formaldehyde are the most dangerous components of Bouin’s Fixative.
Picric acid is highly explosive when in crystal form and crystals often form as the
solution evaporates along the edges of containers. Especially with the current growing
concerns about bioterrorism Bouin’s fixative is not only difficult to dispose of but also
expensive for laboratories to deal with. In addition, Bouin’s fixative is labor intensive as
it requires multiple alcohol rinses to remove the picric acid. The formaldehyde is a
known carcinogen and environmental hazard and although mDF does contain
formaldehyde, the quantity is small as compared to NBF or Bouin’s. With most human
medicine and research laboratories recommending a switch from Bouin’s to mDF as a
means of eco-conservation, these results should be welcomed by pathologists and
environmentalists alike as a less toxic fixative that could be used as a substitute for Bouin
and NBF 10%. Our results are similar to the findings of Latendresse et al. in testicular
tissue and eye tissue (56) that indeed mDF can be used to supplant Bouin’s fixative.
Although we did not find it superior to Bouin’s or formalin as far as histological grading
is concerned of the 10 mares used in the experiment, we did not find it to be inferior
either.

Our results also seem to contradict Prento and Lyons study as well as Titford and
Horenstein wherein they tested commercially available fixatives proposed to be formalin
substitutes and found that none of the proposed fixatives performed as well as formalin
for critical histopathology (66,91). It might be pertinent to mention, however, that neither

Bouin’s nor mDF was included in the trials.
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A recent abstract presented at the 2006 conference of the Society of
Theriogenolgy studied the effect of the three fixatives (NBF,Bouin’s and mDF) on
testicular and endometrial tissue collected at necropsy (10). For endometrial samples they
concluded that formalin produced a higher number of artifacts as compared to the other
two fixatives while the staining and contrast quality was best for mDF. Like our results
they too found no difference between Bouin’s fixative and mDF for morphological detail.

With new fixatives being developed for surgical diagnostic pathology (91), there
should be systematic research done with these fixatives on endometrial biopsies as well.
The goal of this research should be to find an environmentally friendly, nontoxic fixative
that does not alter the histological prognostic grading pattern and is friendly to
immunohistochemical staining as well.

Since 1975 as the endometrial biopsy was generally applied in practice,
practitioners and pathologists have been aware of the variation in histological
architectural of the endometrium not only throughout the estrus cycle but also the annual
physiological breeding cycle. In fact, several authors, including Ricketts, felt endometrial
biopsy should be collected during diestrus “since the changes of normal estrus may make
interpretation difficult” (71). Other authors, including Kenney, were of the opinion that a
biopsy could be collected at any stage of the estrus cycle (49) as long as stage of the cycle
was duly noted. In 1986, Kenney and Doig (52), however, cautioned that although
endometrial biopsy could be performed during any stage of the estrus cycle “to minimize
the variability and avoid misinterpretation the inexperienced practitioner may prefer to
obtain the biopsies only during diestrus when the endometrium is under maximum luteal

influence.” Yet others prefer estrus as the time of collection of biopsy sample (58). This
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practice could also stem from the fact that Waelchli and associates discovered that there
was a trend to get more positive cytological samples during estrus as compared to
diestrus or anestrus (101) as well as the fact that a collection in estrus minimizes the
chances of iatrogenic infection of the uterus as compared to diestrus.

In 1984 Gross and LeBlanc noted that seasonal changes reflected in endometrial
glands and stroma influenced quantitative assessment of fibrosis, thus occasionally
resulting in changes of the assigned prognostic category (35). Our results corroborate
their findings as well as those of Blanchard and associates who felt that as a consequence
of normal stromal edema during estrus as well as enlargement of nonfibrotic glands
between gland nests, the number of nests per millimeter becomes less frequent which
could affect the final biopsy interpretation (11). Despite these critical findings the
scientific community has not yet acknowledged the need to fix the stage of the cycle for
biopsy collection in the mare. To add to this confusion is a well established fact, that
even, “experienced pathologists who do not regularly examine endometrial biopsies are
apt to misapply Kenney’s prognostic criteria.” (20). All of these might result in
misinterpretation of the prognostic grade and thus undermine the value of a diagnostic
biopsy itself. Like Gross and Leblanc, we took the precaution of utilizing the services of
only one pathologist to avoid bias in histologic interpretation. Even with selecting a
pathologist who is conversant with histological grading of biopsies our results showed
significant differences in histological grades allotted to each mare depending stage of
cycle.

In summary, we found no significant changes in endometrial grading associated

with any of the three fixatives used. However, in light of processing, carcinogenicity and
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laboratory safety, mDF may be the fixative of choice. Our findings corroborated earlier
findings that one biopsy sample is sufficiently representative of overall endometrial

health. Finally, we found a significant difference in endometrial grades associated with
stage of the estrus cycle, therefore, we recommend biopsies be obtained during diestrus

when there are fewer edema-induced changes within the endometrium.
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Chapter VI

Conclusion

As expected the results of this study indicate that the site of biopsy collection had
no bearing on the histopathological grade. The results also show that one biopsy sample
appears to be representative of the entire endometrium.

Our results showed that there was no significant difference between the
histological grades despite fixing them in three different fixatives, i.e., 10% neutral
buffered formalin, Bouin’s fixative and modified Davidson’s fixative.

Although our results did not indicate any significant improvement of using
modified Davison as compared to the other two fixatives for endometrial samples, we
recommend that practitioners consider switching to modified Davidson as a fixative for
endometrial biopsy samples. Additionally, the fact that formalin and Bouin’s have a
large component of formaldehyde, which is a known carcinogen, should draw attention to
our recommendation. Furthermore, Bouin’s also contains Picric acid which is an
explosive and a disposal biohazard by itself. While the shelf life of all three fixatives used
in this study is the same, the cost of formalin is the lowest followed by Modified
Davidson and then closely by Bouin’s. Finally, almost all the literature indicates that
fixing in Bouin’s should not exceed 24 hours, after which the practitioner must transfer
the sample to 70% ethanol or NBF before submission. All these factors lead to the

conclusion that it would be more practical to collect samples in Modified Davidson as
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compared to Bouin’s or normal buffered formalin saline, although our results do not
show any statistical difference amongst them.

Although several publications have conceded that the time of collection of
endometrial biopsy could affect the endometrial grade, as far as the author knows, our’s
is the first study that found a significant difference in the histological Kenney and Doig
(4 category) grading pattern depending on whether the sample was collected at estrus or
diestrus. This is a crucial finding considering that although one pathologist was used for
both estrus and diestrus sample grading for 180 endometrial samples, there was a
variation in the histological grade.

We do have to concede that we blinded the pathologist with regards to the origin
of the samples, as well as the physical and clinical findings and hence he was not able to
form a proper “epicrisis” with regards to the samples. The fact that a multitude of
endometrial biopsy samples, in practicality, are sent without proper history or clinical
findings, can be attested to by any pathologist. In several situations the practitioner
himself may be presented with a poor history and hence is unable to fix the stage of
estrus when the biopsy is collected. This makes our findings significant as the prognostic
value of the endometrial biopsy is undermined if there is no repeatability of the
histological grade irrespective of the estrus cycle.

In certain cases paired biopsy samples are indicated and if we consider the
variation in histology due the estrus cycle the reliability of these paired biopsies would be
in question. Similar to the physiological estrus cycle the endometrium undergoes

histological changes associated with the annual reproductive cycle as well. Considering
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the significant manner in which histological grading is affected by the estrus cycle, it
makes us wonder how the histological grading would be affected by the annual
reproductive cycle as well.

Although our study only encompasses ten mares, we postulate that collection of
endometrial biopsy be limited to a fixed stage of the estrus cycle of mare depending on
the pathologist/laboratory concerned where the sample is to be read. This is indicated

more so in cases where paired or multiple biopsies are proposed to be used.
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Appendix

Histological grades as per mare, site, fixative and stage of estrus cycle.

Mare Site Fixative Diestrus Collection | Estrus Collection
892 Left Horn Formalin 2A 2B
Bouin 2A 2A
Mod
Davidson 2B 2B
Right Horn Formalin 1 2B
Bouin 2A 2B
Mod
Davidson 2A 2B
Body Formalin 2A 2B
Bouin 2A 2B
Mod davidson 2B 2B
918 Left Horn Formalin 2A 2B
Bouin 2B 2B
Mod davidson 2B 2B
Right Horn Formalin 2B 2B
Bouin 2B 2B
Mod davidson 2A 2B
Body Formalin 2A 2B
Bouin 2B 2B
Mod davidson 2B 2B
919 Left Horn Formalin 2A 2B
Bouin 2A 2A
Mod davidson 2A 2A
Right Horn Formalin 2A 2B
Bouin 2A 2B
Mod davidson 2A 2B
Body Formalin 2B 2A
Bouin 2A 2B
Mod davidson 2B 2A
920 Left Horn Formalin 3 2B
Bouin 2B 2B
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Mod davidson 2B 3
Right Horn Formalin 2B 2B
Bouin 2B 2B
Mod davidson 2B 3
Body Formalin 2B 2B
Bouin 2B 2B
Mod davidson 2B 2B
921 Left Horn Formalin 2B 3
Bouin 2B 2B
Mod davidson 2B 2B
Right Horn Formalin 2B 2B
Bouin 2B 2B
Mod davidson 2B 3
Body Formalin 2B 3
Bouin 2A 2B
Mod davidson 2B 2B
924 Left Horn Formalin 3 3
Bouin 2B 3
Mod davidson 2B 3
Right Horn Formalin 3 3
Bouin 3 3
Mod davidson 3 3
Body Formalin 3 2B
Bouin 2B 3
Mod davidson 2B 3
925 Left Horn Formalin 2B 2B
Bouin 3 2B
Mod davidson 2B 2B
Right Horn Formalin 2B 3
Bouin 3 2B
Mod davidson 3 3
Body Formalin 2B 3
Bouin 3 3
Mod davidson 2B 2B
926 Left Horn Formalin 3 2B
Bouin 2B 2B
Mod davidson 2B 2B
Right Horn Formalin 2B 3
Bouin 2B 2B
Mod davidson 2B 2B
Body Formalin 2B 3
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Bouin 2B 2B
Mod davidson 2B 2B
927 Left Horn Formalin 2B 2B
Bouin 2A 2B
Mod davidson 2B 2B
927 Right Horn Formalin 2A 2B
Bouin 2B 2B
Mod davidson 2B 2B
Body Formalin 2A 2B
Bouin 2B 2B
Mod davidson 2A 2B
930 Left Horn Formalin 3 3
Bouin 3 3
Mod davidson 3 3
Right Horn | Formalin 3 3
Bouin 3 3
Mod davidson 3 3
Body Formalin 3 3
Bouin 3 3
Mod davidson 3 3
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