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Increased prevalence and recurrence of retrograde
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This study was done to test the hypothesis that the incidence
and recurrence of retrograde menstruation is higher in
baboons with spontaneous endometriosis than in those
without A total of 399 laparoscopies was performed on
113 female baboons. Group 1 consisted of 84 animals
with a normal pelvis (including 23 that later underwent
induction of endometriosis and were assigned to group
4), group 2 comprised nine baboons with spontaneous
endometriosis acquired during the last 2 years of the study,
group 3 had 18 baboons with long-term spontaneous
disease, and group 4 comprised 25 animals with induced
endometriosis. Retrograde menstruation was defined
by the presence of blood-stained peritoneal fluid (red
or dark brown) during menses. Recurrence of retro-
grade menstruation was analysed during the first two
laparoscopies in 13 baboons. Peritoneal fluid was 10 times
more frequently blood-stained during menses (62%) than
during non-menstrual phases (6%). Retrograde menstru-
ation was observed more frequently in animals with spon-
taneous disease (groups 2 and 3, 83%) than in animals with
a normal pelvis (group 1, 51%). Recurrence of retrograde
menstruation was observed more frequently in baboons
with spontaneous endometriosis (5/5) than in those without
(3/8). The results of this study demonstrate that retrograde
menstruation is common in baboons, with a higher preval-
ence and recurrence in animals with spontaneous endo-
metriosis than in those without.
Key words: baboon/endometriosis/laparoscopy/menstruation/
peritoneal fluid

Introduction

Retrograde menstruation can be defined as the reverse flow of
both blood and endometrial cells or glands through the
Fallopian tubes during menstruation. Macroscopically blood-
stained peritoneal fluid, suggesting retrograde menstruation,
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has been reported in 76% (Liu and Hitchcock, 1986), 82%
(Blumenkrantz et al., 1981) and 90% (Halme et al, 1984a) of
women during menstruation. Retrograde menstruation with
ectopic implantation of endometrial cells is considered to be
important in the pathogenesis of endometriosis (Sampson,
1927), a leading cause of subfertility and pelvic pain in women.
We postulate that the prevalence and recurrence of retrograde
menstruation is increased in patients with endometriosis when
compared to women with a normal pelvis. Few data are
available to either support or reject this hypothesis which is
crucial in understanding the pathogenesis of endometriosis.
One study (Liu and Hitchcock, 1986) reported a significantly
higher prevalence of retrograde menstruation in patients with
endometriosis (97%) than in women with a normal pelvis
(60%), but other investigators reported a similar prevalence of
retrograde menstruation (90%) in both groups (Halme et al,
1984a). For ethical reasons, it is impossible to assess the
recurrence of retrograde menstruation in women in longitudinal
studies. The baboon has emerged as a potential model for the
study of spontaneous endometriosis with prevalence, laparo-
scopic appearance and histology similar to the human disease
(D'Hooghe et al, 1991). Retrograde menstruation has been
reported in this species (D'Hooghe et al, 1991) but so far no
systematic study has been performed to document the preval-
ence of retrograde menstruation in non-human primates. The
purpose of this study was to test the hypothesis that the
prevalence and recurrence rate of retrograde menstruation in
baboons is higher in baboons with spontaneous endometriosis
than in those without.

Materials and methods

Animals

The study was performed over a 3 year period in 113 female baboons
(five Papio cynocephalus, 108 Papio anubis) of reproductive age and
proven fertility housed in single (n = 43) or group (n = 70) cages
at the InsUtute of Primate Research, Nairobi, Kenya. During the study
animals were not involved in protocols that could interfere with their
reproductive function. The study protocol had been reviewed and
approved by the Institution Scienufic Resources Evaluation and
Research Committee. This committee reviews all research projects
with respect to the experimental design, welfare of the study animals,
management and necessity of the use of the pnmate model. Animals
with a normal pelvis were included in group 1 (n = 84, including
23 animak that later underwent induction of endometriosis and
were assigned to group 4). Group 2 comprised nine baboons with
spontaneous endometriosis acquired during the last 2 years of the
study. Group 3 consisted of 18 primates with long-term spontaneous
endometriosis since the onset of the study. Group 4 contained 25
baboons with experimentally induced endometriosis. Induction of
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endometnosis was accomplished by intra- or subpentoneal injection
of menstrual or luteal endometnum in the pelvic cavity as described
previously (D'Hooghe et aL, 1995) In all, 32 baboons (group 1,
n = 7; group 2, n = 1; group 3, n = 9, group 4, n = 15) had
undergone at least one hystcrotomy for termination of pregnancy or
for induction of endometriosis before the onset of this study. All
animals with endometriosis had histologically proven disease
(presence of both endometrial glands and stroma) Penneal staging
was used to detect ovulation, since perineal inflation and deflation in
the baboon were known to correspond well with the folhcular and
luteal phase respectively, and ovulation was known to occur 3 days
before perineal deflation in the baboon (Hendnckx and Kraemer,
1971).

Laparoscopies

The colour of pentoneal fluid was prospectively assessed during a
total of 399 laparoscopies that were performed to document the
incidence of endometnosis in group 1 (mean no of laparoscopies
2.1 ± 1.7, range 1-9), and the spontaneous evolution of endometnosis
in group 2 (mean 6.8 ± 2.2, range 2-9), group 3 (5 5 ± 2 8, range
1-9) and group 4 (mean 2.7 ± 1.7, range 1-8). Although the study
was done over a 3 year penod with a defined end point (March
1993), the number of laparoscopies varied from baboon to baboon
since they entered the study penod at different times

Anaesthesia, laparoscopy and aspiration of pentoneal fluid were
performed as descnbcd previously (D'Hooghe et al, 1991). The
uterus was not manipulated before the aspiration of pentoneal fluid
to prevent latrogeruc retrograde menstruation. This study only included
cycles in which blood-stained pentoneal fluid was not a result of
manipulation of adhesions or pelvic organs, or from bleeding at the
abdominal incision sites. The colour of collected pentoneal fluid was
prospectively assessed during each laparoscopy by the same observer
and was visually classified as either clear (including yellow) or blood-
stained (red, dark brown). Retrograde menstruation was defined as
the presence of blood-stained peritoneal fluid dunng menses. Absence
of blood-stained peritoneal fluid dunng menses was classified as
absence of retrograde menstruation. The recurrence of retrograde
menstruation was assessed dunng the first two laparoscopies
performed during menses in 13 baboons (group 1, n = 5, group 2,
n = 2; group 3, n = 3; group 4, n = 3).

The pelvis was also inspected for the presence of adhesions A
Methylene blue test was performed in 36 animals to document patency
of the Fallopian tubes. The presence of dense adhesions involving
minimally one-third of at least one Fallopian tube and/or ovary was
defined as 'considerable'. In baboons without pre-existing adhesions
caused by previous hysterotomies, endometriosis was staged according
to the revised classification of the Amencan Fertility Society (APS,
Amencan Fertility Society, 1985) adapted for the smaller size of
the baboon.

Concentration of red blood cells in peritoneal fluid

Since the observer was not blinded to the group to which each animal
belonged and could be prone to reporting bias, the reliability of visual
assessment of pentoneal fluid was assessed by determining the
concentration of red blood cells (RBC) in pentoneal fluid obtained
from 58 consecutive laparoscopies (group 1, n = 29; group 2,
n = 7; group 3, n = 13; group 4, n = 9) performed dunng a 7 month
interval towards the end of the study (July 1992-January 1993)
Pentoneal fluid was aspirated into a hepannized syringe, measured,
centnfuged for 10 min at 400 g and the pellet was resuspended in
1 ml phosphate-buffered saline (PBS) An aliquot of 20 U.1 of this
suspension was mixed with 180 ul of a 0.05% Trypan blue solution

and the number of RBC was counted in a Hausser haematocytometer
(Thomas Scientific, Swedesboro, NJ, USA).

Data analysis

Since each baboon contnbuted a different number of exposed cycles
to the study, the number of cycles was the sample size of importance
The prevalence of retrograde menstruation was defined as the number
of laparoscopies with blood-stained peritoneal fluid dunng menses
divided by the total number of laparoscopies performed during
menses The recurrence of retrograde menstruation was assessed by
blocking the data per animal for repeated measurements dunng the
first two laparoscopies performed dunng menses. The results were
analysed with Mann-Whitney and x2 (Fisher exact) tests

Results

'Considerable' pelvic adhesions were noted more frequently
(Spearman r = 0.8, P < 0.05) in baboons from group 4
(induced endometnosis; 12725) than in those from group 3
(3/18), group 2 (1/9), or group 1 (4/84). The prevalence of
these adhesions was significantly higher (Fisher exact test,
P = 0.01) in baboons with induced (12/25) than in those with
spontaneous endometnosis (4/27). A Methylene blue test was
performed and was positive in 34 animals without pelvic
adhesions (group 1, n = 20; group 2, n = 2; group 3, n = 8;
group 4, n = 4), but was either unilaterally (group 3, n = 1)
or bilaterally negative (group 4, n = 1) in two baboons with
'considerable' pelvic adhesions. When analysis was performed
at the level of cycles (laparoscopies), adhesions were also
more prevalent (%2 test, P < 10""6) in laparoscopies carried out
in baboons from group 4 (induced endometriosis; 36762 cycles)
than in primates from group 3 (18/99 cycles), group 2 (4/59
cycles) and group 1 (9/179 cycles). During menses, nine of
the 10 laparoscopies performed in baboons from group 4 were
done in animals with considerable adhesions. In baboons
without pre-existing adhesions caused by previous hysterotom-
ies, endometriosis was staged according to the revised classi-
fication of the AFS and 175 laparoscopies were done in animals
with revised AFS stage I (n ~ 90 cycles, 84 spontaneous, six
induced), stage II (n = 55 cycles, 32 spontaneous, 23 induced),
stage EH (n = 15 cycles, eight spontaneous, seven induced)
and stage TV (n = 15 cycles, four spontaneous, 11 induced)
endometriosis.

Pentoneal fluid could be observed, aspirated, and assessed
with respect to its colour in 352 laparoscopies in groups 1
(n = 155), 2 (n = 53), 3 (n = 88) and 4 (n = 56) during
menses (n = 66), the follicular (n = 54) and luteal (n = 182)
phases, pregnancy or while nursing (n = 23), and when
animals were acyclic for unknown reasons (n = 27). Peritoneal
fluid was not present in sufficient amount for aspiration and
colour assessment in 47 laparoscopies. The incidence of absent
peritoneal fluid was comparable in baboons with and without
endometriosis dunng menses and dunng the follicular and
luteal phases Data on retrograde menstruation are presented
in Table I. Similar data (not shown) were obtained when the
cycles with absent pentoneal fluid were excluded from statist-
ical analysis Blood-stained pentoneal fluid was observed 10
times more frequently (P < 10""6, X2 test) in laparoscopies
performed dunng menstruation (41/66 or 62%) than dunng
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Table L Prevalence of blood-stained peritoneal fluid during 399
laparoscopies performed in baboons with and without endometriosis during
and out of the menstrual period

Menses Non-menstrual P-value

Total
Group 1
Group 2
Group 3
Group 4
Groups 1, 4
Groups 2, 3

41/66 (62)
17/33 ( 5 1 ) ^
8/10 (80)
11/13 (85)»
5/10 (50)
22/43 (51)c

19/23 (83)bx

19/333 (6)
8/146 (5)
5/49 (10)
4/86 (5)
2/52 (4)
10/198 (5)
9/135 (7)

<io-6

-CIO-8

2 X 10-5

<10~8

7 x lcr4

<icr6

<io-*

Group 1 = normal pelvis; group 2 = recent spontaneous endometriosis;
group 3 = long-term spontaneous endometriosis; group 4 = induced
endometnosis
Values in parentheses are percentages
t-b-cValues with same superscript were significantly different, P < 0 04
(Fisher exact test), P = 0 03 (x2 test), P = 0 02 (x2 test) respectively

Table IL Prevalence of blood-stained peritoneal fluid during 354
laparoscopies performed in baboons with a normal pelvis and revised
American Fertility Society (1985) classification-staged primates with
endometriosis during and out of the menstrual period

Menses Non-menstrual P-value

Total
Normal pelvis
Endometnosis I-IV
Stage I
Stage n
Stage m
Stage IV

42/60 (70)
17/33 (51)'
25/27 (93)»
13/15 (87)
6/6
3/3
3/3

14/294 (5)
8/146 (5)
6/148 (4)
3/75 (4)
1/49 (2)
2/12
0/12

KlOr6

•CIO"8

<icr8

<io-*
2 X 10-7

002
0002

Values in parentheses are percentages
•Significantly different, P < 0.01.

any other time (19/333 or 6%, Table I). Active bleeding from
endometriotic lesions was not observed during any stage of
the menstrual cycle. When all cycles were analysed, retrograde
menstruation was found more frequently (%2 test, P = 0.03)
during menses in baboons with spontaneous endometriosis
(19/23 in groups 2 and 3) than in baboons with a normal
pelvis (17/33 in group 1). The prevalence of retrograde
menstruation was comparable between animals with a normal
pelvis (17/33 cycles) and primates with induced endometriosis
(5/10 cycles), and also between baboons with recent (8/10
cycles) and those with long-term (11/13 cycles) spontaneous
endometriosis (Table I). Retrograde menstruation was found
more frequently (/> < 0.01, Table II) in primates whose
endometriosis could be classified according to AFS criteria
(25/27 cycles) than in baboons with a normal pelvis (17/33
cycles), but no differences were observed between AFS stages
I, H, m and IV.

When only data of the first two laparoscopies performed in
13 animals during menses were considered, recurrent retrograde
menstruation was observed more frequently (P = 0.04, Fisher
exact test) in baboons with spontaneous endometriosis (five
out of five), than in primates without spontaneous disease
(three out of eight, including two out of five animals with a
normal pelvis and one out of three in primates with induced
endometriosis). The five animals without recurrent retrograde
menstruation included four baboons without any retrograde
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menstruation and one with induced endometriosis which had
retrograde menstruation during only one of the two cycles
studied. When analysis was based on the number of cycles
(laparoscopies), this difference became even more significant
(P < 0.004, Fisher exact test): retrograde menstruation was
noted in 10/10 laparoscopies in baboons with spontaneous
endometriosis but in only seven out of 16 laparoscopies
performed in baboons without spontaneous endometriosis.

The concentration of RBC in blood-stained peritoneal fluid
(median 16X106 RBC/ml, range 3-108X106 RBCs/ml) was
significantly higher (P = 2X10"9, Mann-Whitney test) than
in clear or yellow stained peritoneal fluid (median 0.7X106

RBC/ml, range 0-6 X106). The prevalence of baboons with
a concentration of >5X1O6 RBC/ml peritoneal fluid was
significantly higher (P < 10"6, y} test) among animals with
blood-stained peritoneal fluid (16/20) than among primates
with clear or yellow-stained peritoneal fluid (1/38).

Discussion

To the best of our knowledge, this study is the first report
documenting the prevalence of retrograde menstruation in non-
human primates. The results suggest that the prevalence of
retrograde menstruation was within the same range in baboons
(62%) as in women (76-90%; Blumenkrantz et al, 1981;
Halme et al, 1984a; Liu and Hitchcock, 1986). Blood-stained
peritoneal fluid was rarely (6%) found in other stages of the
menstrual cycle, pregnancy, nursing or non-cycling conditions.
These data are in agreement with most studies in women
reporting that peritoneal fluid is straw-coloured during non-
menstrual phases of the cycle (Haney et al, 1981; Halme
et al, 1982, 1984b; Badawy et al, 1984). However, some
investigators found a 60—80% prevalence of pink- to red-
stained peritoneal fluid in women during the non-menstrual
stage of the cycle (Halme et al, 1984a), and a 75% prevalence
of haemorrhagic peritoneal fluid has been observed during the
first 5 days after ovulation (Scheenjes et al, 1990).

Retrograde menstruation had a significantly higher preval-
ence in baboons with spontaneous endometriosis (83%) than
in animals with a normal pelvis (51%). This finding is in
agreement with studies in women by some (Liu and Hitchcock,
1986) but not all (Halme et al, 1984a) investigators. The
comparable prevalence of retrograde menstruation in baboons
with induced endometriosis and those with a normal pelvis is
not surprising since primates with induced disease also had a
normal pelvis before induction of endometriosis. It is also
likely that pelvic adhesions impaired retrograde menstruation
in baboons with induced endometriosis, since nine of 10
laparoscopies performed during menses were done in animals
with pelvic adhesions. It is unlikely that serial laparoscopies
in individual baboons would affect peritoneal fluid colour
because the time interval between two subsequent laparoscopies
was at least 1 month and iatrogenically blood-stained peritoneal
fluid would most likely have been cleared during that period.

The observation that retrograde menstruation was more
recurrent in baboons with spontaneous endometriosis than in
those widiout is new, since it is impossible for ethical reasons
to study this in women. Both the higher prevalence and
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recurrence of retrograde menstruation in baboons with spontan-

eous endometriosis than in animals with a normal pelvis or

with induced endometriosis support the Sampson hypothesis

that spontaneous endometriosis is related to an increased

degree of retrograde menstruation (Sampson, 1927)

Defining retrograde menstruation as the presence of blood-

stained peritoneal fluid during menses was subjective and

could be prone to reporting bias, since the colour assessment

was performed by the same observer who was not blinded to

the type of female baboon undergoing laparoscopy. Objective

measurement of peritoneal fluid RBC in a haemacytometer

confirmed that blood-stained peritoneal fluid contained far

more RBC than clear or yellow-stained peritoneal fluid, sug-

gesting that colour assessment was a fairly accurate method

to detect the presence of blood in peritoneal fluid.

The presence or absence of endometrial cells in peritoneal

fluid during menstruation was not examined in this study, but

such knowledge is important in understanding the pathogenesis

of endometriosis. The presence of endometrial cells in periton-

eal fluid has been reported in 59-79% of women during

menses/early follicular phase and was not more prevalent in

patients with endometriosis than in women with a normal

pelvis, possibly due to the small number of study subjects in

each group (Korunckx et al., 1980; Bartosik et al, 1986;

Kruitwagen et al., 1991). Only one report (Badawy et al,

1984) found an increased prevalence of endometrial cells in

the peritoneal fluid from patients with endometriosis, but this

may not be significant because control subjects included

patients with obstructed Fallopian tubes. Further studies are

needed in women and baboons with a normal pelvis and

with endometriosis to quantify the amount and implantation

potential of these cells at various stages of the menstrual cycle.

In conclusion, the results of this study demonstrated that

retrograde menstruation is a frequent phenomenon in baboons,

with a higher prevalence and recurrence in animals with

spontaneous endometriosis than in those without.
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