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Summary

In human medicine computer assisted GSA is part of specific examinations like heart transplantation Lieback et al (799/), hepatic cirrhosis
Raeth et al. ftg84l, evaluation of changes of the thyroid glard Mudlet et al. (1989). Hermes et al. (1997, 1998) applied this method in zoo-
and wildlife medicine.
With computer assisted GSA from ultrasonographic images of the equine endometrium it was possible to distinguish between physiological
and inflammatory changed endometrium. The advantages of this method of examination are its non-invasive nature, its repeatability and the
fact that it gives immediate results. In addition to this it is possible to analyse regions of interest (ROl) of the entire equine endometrium.
Costs and practicability of the equipment are factors which need to be improved in further investigations.
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Ultrasonographische Graustufenanalysen (GSA) des Uterus der Stute - praktische Bedeutung für die Fruchtbarkeitsprognose

In der Humanmedizin wird die Graustufenanalyse (GSA) von Ultraschallbildern als Ergänzung der Ultrasonographje zur Beantwortung spezifi
scher Fragestellungen eingesetzt flibback el al. 1991; Raeth et al. 1984). Hermes et al. (1997, 1998)haben diese Untersuchungsmethode in
der Zoo- und Wildtiermedizin eingesetzt.
t\,4it Hilfe der computerunterstützen GSA von Ljltraschallaufnahmen des Endometrium der Stute ist es möglich, zwischen einem physiologi-
schem Endometrium und einem entzündlich/degenerativ verändertem Endometrium zu unterscheiden. Diese lJntersuchungsmethode konn-
te als diagnostisches Hilfsmittel neben der mikrobiologischen und pathohistologischen Untersuchung etabliert werden. Die Untersuchung ist
nicht invasiv und jedezeit wiederholbar. Es besteht die N,löglichkeit ,,Regions of interest" (ROl) aus dem gesammten ultrasonographisch dar-
gestelltem Endometrium zu analysieren und die Ergebnisse in kurzer Zeit zur Verfügung zu stellen. Als Nachteil werden hohe Anschaffungs-
kosten und eln großer Geräteaulwand angesehen.

Schlüsselwörter: Stute, Endometrium, Ljterus, Ultraschall, computerunterstützte Graustufenanalyse, Gewebeanalyse

lntroduction

Ultrasonography of the mare's reproductive tract is an es-
sential part of the gynaecological examination. The interpre-
tation of ultrasonographic images is important in determi-
ning ferti l i ty prognosis.
Visual analysis and interpretation of ultrasonographic ima-
ges is restricted through a loss of information, This is cau-
sed by the human eye's l imited abil ity in distinguishing grey
scales as well as the influence of subjective factors. Com-
puter assisted grey scale analysis (GSA) combines ad-
vanced ultrasonography with image analysing systems.
In human medicine ultrasonography, computer assisted
GSA is well established (Lieback et al. 1991, Raeth et al.
1984 and Mueller et al. 19Bg). Hermes et al. (1997,1998)
applied computer assisted GSA in zoo and wildlife medi-
cine. Ultrasonographic images of the endometrium of the
roe deer were analysed to characterise changes of the en-
dometrium during embryonic diapause.
The purpose of this study was to incorporate GSA into
equine gynaecological ultrasonography and to use it to ob-
jectify physiological and pathological variations in ultrasono-
graphic echotexture of the equine endometrium.
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Material and methods

Mares
Seven mares (n--7; group 1) were examined in the main
study over a time period of ten to twelve weeks. In estrus
and when the foll icle diameter was more than 30 mm ex-
aminations were carried out in 24 hour intervals until six
days post ovulation, In diestrus the mares were examined
every two or three days.
In addition to the main study there was a second group
with three mares (group 2; n=3).
These mares were referred to the clinic with endometrit is.
The computer assisted GSA was performed in the preovu-
latory time (1-4 days before ovulation). The lowest mean
median of the grey scale histogram during this time was
compared with the results of the gynaecological, microbio-
logical and pathohistological examinations.

Examination
Prior to the examination period a biopsy of the endometri-
um was taken. A uterine swab for bacteriological cultering
was taken once in a sexual cvcle,
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The aim of ultrasonographic examination was to provide re-
presentative and artefact free sonographic images of the
ovaries and the uterus. To obtain comoarative results the
ultrasonographic examinations and the grey scale analysis
were carried out under identical conditions. Frequency
(7,5 MHz), output, resolution, Qain, depth of penetration
and correlation of the ultrasound machine SONOLINE
VERSA PRO (Fa, Siemens) were kept on the same standard
values throughout the study. The mares were treated with
0.2 mg/kg bwt N-Butylscopolamin-bromid (Buscopan@,
Fa, Boehringer) to avoid the influence of intestinal contrac-
tions during the examination. Prior to the examination, fae-
ces were removed from the horses' rectum and 100 ml lu-
bricant was applicated, The ultrasonographic examination
includes the ovaries, the uterine horns and the uterine body
in cross section. The entire examination was recorded on
S-VHS videotapes for retrospective analysis.

Analysis
The analysing system consisted of a video recorder, a mo-
nitor, and a PC equipped with a frame grabber card. Single
video frames were digit ised and analysed using the soft-
ware program ANALYSIS PRO (Soft lmaging Software
Gmbh, Munster). After selection and digit isation of re-
presentative artefact free images from the videotape a so
called region of interest (ROl) was selected. The region of
interest was always projected into the endometrium at a
depth of penetration of 1-2 cm. The ROI had a size of
16 x 16 Pixel  (Fig.  1) .

Fig. 1: Ultrasonographic image of inflammatory changed endo-
metrium with ,,region of interest" (yellow) in a maximum
depth of penetration of two centimetres (red).

Ultraschallbild von entzündlich verändertem Endometri-
um mit eingezeichneter ,,region of interest" (gelb) in einer
maximalen Eindringtiefe von zwei Zentimeter (rot).

Using the software ANALYSIS PRO 256 different grey
scales were determined. Based on the distribution of grey
scales a histogram was calculated from which the median
and standard deviation were determined. GSA were per-
formed at three different positions within one image. Per
examination three images of the uterine horns and the ute-
rine body were analysed. Mean median and the standard
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deviation (SD) of the mean was calculated for each exami-
nat ion (Fig.  2) .

Grey scale
Fig.2: Grey scale histogram with mean median and standard

deviation from a mare with physiological endometrium
two days before ovulation.

Graustufenhistogramm mit mitt leren Median und Stan-
dardabweichung einer Stute mit physiologischem Endo-
metrium zweiTaoe vor der Ovulat ion.

Results

Group 1
Figure 3 gives an example of the results obtained showing
the mean median of the grey scale histogram during one
sexual cycle from two of the seven mares out of group 1.
Mare A had no signs of uterine inflammation and the uterine
swab was free of pathogenious micro-organisms, Mare B
was infected with B-hem. sc. and had uterine inflammation,
Due to the pathohistological f indings mare A was catego-
rised I and mare B was categorised lll according to Kenney
and Doig 1986.
Physiological endometrium (as seen in mare A figure 2)
showed a preovulatory decrease in the mean median of the
grey scale histogram (33.24 + 4.21). Based on these chan-
ges a prediction of ovulation was possible (3 t 1 day after
decrease of mean median). After the preovulatory decrease
the mean median increase ti l l  three davs after the ovulation.
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Fig.3: Mean median of grey scale histogram during sexual
cycle. A=rTräfO with physiological endometriurt't, B=[näf€
with inflammatory changed endometrium

Verlauf der mittleren Mediane der Grauwerthistogramme
während des Zyklus. A=Stute mit physiologischem En-
dometrium, B=Stute mit entzündlich veränderlem Endo-
metrium.
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Three days post ovulation the values of the mean median
remained constant (80,23 + 6,64).
Endometrium altered through inflammation (as seen in mare
B figure 2) did not show a preovulatory decrease in the
mean median (97 .67 t 13,82). The prediction of the ovulati-
on was not possible.

Group 2
The decrease of the lowest preovulatory mean median from
the first cycle to the second cycle as seen in mares no l
and no 3 correlates well with a decrease of the clinical
signs of the uterine inflammation and the improvement of
the microbiological and pathohistological results (tab. 1, 3).
The mean median of the grey scale histogram from the en-
dometrium of mare No 2 did not show a preovulatory
decrease in the following cycles during the treatment of the
uterine inflammation (tab. 2). ln the third cycle the uterus
was found to be free of pathogenious bacterias but the pa-
thohistological examination showed that the mare sti l l  suffe-
red from endometrit is and endometrosis,

Tab. 1: Lowest preovulatory mean median of grey scale histo-
gram compared with results of gynaecological, micro-
biological and pathohistological examination of mare
no.1. (+ = low grade, ++ = ff iedium grade, *** = severe)

Vergleich der Ergebnisse der klinisch gynäkologischen,
der mikrobiologischen und der pathohistologischen Un-
tersuchungen mit dem niedrigsten präovulatorischen
mittleren Median des Grauwerthistogrammes Stute Nr.'1.
(+ = geringgradig, ++ = rnittelgradig, *** = hochgradig)

mare no 1 cl in ical
signs of
inf lamm.

microbiol .

exam.

pathohistol.

examination

preovulat. mean
median of grey

scale histogram

1 nrrnlo +++ t++ endometritis+++
endometrosis++

88,44t14,24

2. cycle + + endometritis+
endometrosis++

47,56x7,84

4. cycle endometritis-
endometrosis+/++

45,78t6,24

Discussion

Although computer assisted image analysing has been in
use in human medicine for nearly two decades (Sch/aps
1983) its use in veterinary medicine is l imited. Hermes et al.
(1997, 1998) studied the endometrium of roe deer. Based
on grey scale analysis of the endometrium they were able
to distinguish between pregnant and non pregnant animals
during the period of embryonic diapause.
The computer assisted grey scale analysis of ultrasonogra-
phic images offered the possibil i ty to quantify structural
changes of the examined tissue.
The computer assisted GSA was a suitable method to do-
cument changes in the equine endometrium. In the preovu-
latory period it is possible to distinguish between physiolo-
gical and inflammatory changed endometrium. The endo-
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metrial f luid accumulation, caused by the influence of oest-
rogens were responsible for the preovulatory decrease of
the mean median. Inflammatory reactions correlated with a
high echogenity of the endometrium, Therefore we did not
see the typical decrease of the mean median of the grey
scale histogram of inflammatory changed endometrium,
The results of this study introduce computer assisted GSA
as an additional diagnostic tool in equine gynecological ul-
trasonography.

Tab.2: Lowest preovulatory mean median of grey scale histo-
gram compared with results of gynaecological, micro-
biological and pathohistological examination of mare
no.2. (+ = low grade, ++ = ff iedium grade, +++ = severe)

Vergleich der Ergebnisse der klinisch-gynäkologischen,
der mikrobiologischen und der pathohistologischen Un-
tersuchungen mit dem niedrigsten präovulatorischen mitt-
leren Median des Grauwerthistogrammes der Stute Nr. 2.
(+ = geringgradig, ++ = mittelgradig, *** = hochgradig)

mare no 2 cl in ical
signs of
inf lamm.

microbiol .
exam.

pathohistol.

examination

preovulat. mean
median of grey

scale histogram

1 . \ /n lo +++ +++ endometritis++
endometrosis+++

92,89r15,07

2 atnla + + 90,67t15,67

? nrrnla
T- endometritis++

endometrosis+++
89,78t11,09

During the treatment of endometrit is the computer assisted
GSA was a useful diagnostic tool in order to quantify the
healing process and the therapeutical success.
Further investigations of the endometrium will be concen-
trated around the preovulatory period. The aim of such in-
vestigations would be to define standard values for mares
with physiological endometrium and those with endometri-
t is and endometrosis.
The advantages of this method of examination are its non- in-
vasive nature, its repeatability and the fact that it gives imme-
diate results. In addition to this it is oossible to visualise the
entire equine uterus ultrasonographically. lt is therefore pos-
sible to analyse regions of interest of the whole endometrium.

Tab.3: Lowest preovulatory mean median of grey scale histo-
gram compared with results of gynaecological, micro-
biological and pathohistological examination of mare
no.3. (+ = low grade, ++ = ri ledium grade, +++ = severe)

Vergleich der Ergebnisse der klinisch-gynäkologischen,
der mikrobiologischen und der pathohistologischen Un-
tersuchungen mit dem niedrigsten präovulatorischen mitt-
leren Median des Grauwerthistogrammes der Stute Nr. 3
(+ = geringgradig, ++ = mittelgradig, *** = hochgradig)

mare no 3 cl in ical
s igns of
inf lamm.

microbiol .

exam.

pathohistol.

examination

preovulat. mean
median of grey

scale histogram

1 a\ /^ la +++ +++ endometrosis+ 67.22t9.23

2 atralo 48.12t5.46
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Disadvantages include the high costs and the practicabil ity
of the equipment
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