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The widespread clinical incidence of tubal pregnancy appears to be the result of a complex 
and varying set of etiologic factors that may involve altered tubal physiology or aberrant 
trophoblastic function. The absence of spontaneous tubal pregnancy coupled with the in
ability to experimentally induce tubal gestation in infrahuman species makes it difficult to 
model the disorder and undertake systematic studies. Mounting evidence suggests the re
fractoriness of the infrahuman oviduct to implantation is due to the elaboration of a sub
stance or substances by the endosalpinx that prevents implantation and suppresses embryo 
development. The nature and mechanism of action of such factors as well as their regulation 
is presently unknown. 

INTRODUCTION 

Ectopic pregnancy in women is a relatively 
frequent, poorly understood phenomenon. 
Approximately one in one hundred clinical 
pregnancies occurs outside the uterus 
(1, 2), most commonly in the ampullary 
segment of the fallopian tube (3). Only one 
third to one half of women who experience 
an ectopic pregnancy will subsequently 
give birth to a living child (4, 5) while up 
to twenty percent may experience a repeat 
ectopic (5, 6). This poor prognosis reflects 
a continuation of the underlying etiologic 
factors and the inability to clinically 
identify and correct them. If the mecha
nism, or mechanisms, that result in the 
human trophoblast developing and im
planting in the tube were known, it would 
be possible perhaps to prevent or cure 
ectopic pregnancy. 

ETIOLOGY 

Etiologic factors contributing to tubal 
pregnancy in humans include those that 
involve the tube, manifested by altered 
embryo transport function and normal or 
increased receptivity to implantation, and 
those intrinsic to the conceptus itself. 
In nearly half of the patients with ectopic 
pregnancy some antecedent damage to the 

tubes is recognized on histopathologic 
examination (7-10). Because humans, unlike 
animals, contract infectious salpingitis 
which damages the tubal mucosa, the 
ability of the affected tube to efficiently 
transport the fertilized, cleaving egg into 
the uterus may be impaired or destroyed. 
In many cases of tubal pregnancy no pre
existing tubal pathology can be document
ed highlighting the etiologic role of the 
conceptus itself and its ability to develop 
and implant in the tube (11). 

In order for tubal pregnancy to occur, 
certain conditions must be met: 1) The 
fertilized egg must be located within the 
tube. This may reflect its continued pre
sence within the tube due to its inability 
to reach the uterine lumen, its reflux back 
into the tube from the uterus, or its delay
ed entrance into the tube following intra
abdominal fertilization and delayed fimbrial 
pick up. 2) The tube must supply condi
tions conducive to support egg cleavage 
and differentiation. 3) Tubal receptivity 
leading to functional interaction between 
trophoblast and endosalpinx must exist. 

ANIMAL MODELS 

Attempts to create animal models in which 
tubal ectopic pregnancy can be replicated 
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and studied have proved difficult to achieve. 
Spontaneous ectopic pregnancies in animals 
do occur (12-25) but primarily involve 
non-tubal sites (Table 1). Spontaneous 
tubal pregnancy is rare in all infrahuman 
species particularly in nonhuman primates 
(26-28). Preimplantation cleavage stage 
eggs may implant in animals following 
transfer to a variety of non-tubal extraute
rine sites (Table 2). The transfer of cleavage 
stage tubal eggs gives rise, with few excep
tions, only to trophoblast and extraem
bryonic membranes whereas approximately 
one in four uterine blastocysts form 
morphologically normal embryos (29-47). 
In contrast cleavage stage eggs arrested in 
the oviduct never develop beyond the 
blastocyst stage and fail to implant in the 
guinea pig (48, 49), rabbit (50-52), rat 
(53), pig (54), or mouse (55-57). Uterine 
blastocysts returned to and confined to 
the oviduct similarly fail to implant (58, 
59). The nonhuman mammalian oviduct 
appears either incapable of functionally 
interacting with endogenous trophoblastic 

TABLE 1 

Spontaneous ectopic pregnancy in animals 

Species Site o f ectopic Reference 

Cat Abdominal cavity 12-15 
Dog Duodenal mesentery, 

abdominal wall 14, 16 
Guinea pig Stomach, abdominal wall 17 
Hamster Abdominal cavity 18, 19 
Monkey Mesentery 20 
Rabbit Omentum, small intestine 14, 21-24 
Sheep Abdominal wall, omentum 25 

TABLE 2 

Experimentally induced ectopic pregnancy in animals 

Species Site o f ectopic Reference 

Mouse Anterior eye chamber 2 9 , 30 
Brain 31 
Kidney 32-38 
Lung 39 
Peritoneal cavity 2 9 , 4 0 
Spleen 41 
Testis 4 2 , 4 3 
Uterus, non-pregnant 44 , 45 

Rat Peritoneal cavity 4 6 
Kidney 47 

tissue, for example via constitutional 
absence of cell surface receptors, inability 
to synthesize obligate embryo growth 
supporting factors, etc., or of actively 
preventing such interaction through syn
thesis and release of one or more substan
ces that inhibit embryo growth and dif
ferentiation, tubal receptivity, trophoblastic 
invasiveness, etc. The virtual absence of 
spontaneous tubal pregnancy in animals 
in contrast to its common occurrence in 
humans, coupled with the inability to 
experimentally induce tubal pregnancy in 
animals strongly suggests fundamental dif
ferences in reproductive function between 
human and infrahuman species. The highly 
effective ability of the animal oviduct to 
avoid pregnancy appears not to have been 
conserved and passed on to the human. 
The mechanism that spares animals from 
tubal pregnancy seems either to be absent 
in the human, poorly developed, or subject 
to compromise in tubes damaged by sal
pingitis. While it may be possible that the 
human embryo is uniquely capable of 
advanced development and differentiation 
within the oviduct and that the tubal 
environment may be conducive to or may 
actively promote embryo development and 
trophoblastic invasiveness, the weight of 
evidence seems to support the hypothesis 
that the human tube, unlike that of ani
mals, has an imperfectly developed ability 
to inhibit embryo growth, differentiation, 
and implantation. 

In animals the failure of tube locked 
embryos to develop to advanced stages 
and to implant suggests a tubal inhibitory 
mechanism. Mouse blastocysts retained in 
the oviductal lumen do not implant or 
differentiate into trophoblast. If transfer
red to the uterus 3.5 days after mating, 
about half develop into normal embryos. 
If kept in the tube for 4.5 days, none 
develop normal embryos or trophoblast 
after uterine transfer. The blastocysts do 
not degenerate until they are retained in 
the oviduct for eight days (56). Some 
factor in the mouse oviduct therefore 
appears to prevent implantation. Prior 
exposure of the embryo to the uterine 
environment does not overcome the ability 
of the oviduct to prevent implantation (56, 
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59, 59). Moreover, actively invasive tro-
phoblast recovered from ectoplacental 
cones in the uterus when transferred to 
the tubal lumen does not interact with 
tubal epithelium but will with other tis
sue (59). 

Arrest of the rabbit zygote in the oviduct 
results in similar failure of the embryo 
to develop beyond the early blastocyst 
state. If embryos retained in the ligated 
oviduct are transferred to the uterus 3.5 
days after mating, almost all are capable 
of developing to term. With increased 
length of time in the oviduct this capacity 
progressively declines. After 4.5 days in 
the oviduct only 8% of blastocysts transfer
red to the uterus will develop to term. 
This capability is entirely lost by five 
days of retention in the tubal environ
ment (51, 52). 

In the rabbit, an estrogen-mediated 
factor found in serum and in oviductal 
fluid inhibits growth of the embryo beyond 
the morula stage (60). A small peptide 
that is produced under estrogen influence 
inhibits development of pronuclear stage 
embryos fertilized in vivo and then cultur
ed in vitro (61, 62). Comparable results are 
obtained in the mouse (63). It is not clear 
why the oviductal environment, which is 
the site of fertilization and early embryo 
cleavage, should become hostile to ad
vanced embryo development and survival. 
Such a function is, however, consistent 
with a mechanism to prevent tubal preg
nancy. 

In order to examine the mechanism 
by which the animal tube fails to support 
implantation, use was made of the techni
cal capability to micro surgically autotrans-
plant genital tissue in the rabbit (64). By 
transplanting tubal tissue into the mid 
portion of the rabbit uterine horn, the 
ability of a segment of transplanted endo-
salpinx to either support or inhibit im
plantation was examined in an organ nor
mally conducive to implantation. Groups 
of animals underwent unilateral circum
ferential resection of endometrium from 
the mid uterine horn followed by its re
placement with autologous endosalpinx or 
endometrium. Two months later animals 
were mated and examined on day 10 post 

coitum. All grafted tissue survived, un
derwent neovascularization, remained ter
minally differentiated, and exhibited nor
mal histology by light microscopy (Figu
res 1, 2). All operated uterine horns were 
patent. The spatial distribution of implants 
throughout operated uterine horns relative 
to the position of the grafted endosalpinx 
or endometrium is shown in Figure 3. 
The presence of endosalpinx within the 
uterine horn was associated with a de
crease in pregnancy rate, a lowering of the 

Fig. 1: Histologic appearance of autotransplanted endo
salpinx 10 weeks after surgery. H & E x 300. 

Fig. 2: Histologic appearance of autotransplanted endo
metrium 10 weeks after surgery. H & E x 2 4 0 . 

ratio of ova released to those that implant
ed, a decrease in the size of implantations 
and of embryonic growth, and a uniform 
failure of implantation to occur within 
the segment of uterine horn lined with 
endosalpinx (Table 3). In addition to these 
findings unattached blastocysts were seen 
within the endosalpinx lined segment of 
uterine horn in five of nine animals (Figure 
4). No unattached blastocysts were seen 
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Fig. 3: Distribution o f implantations along the length of uterine horns bearing a circumferential 
segment of autotransplanted endosalpinx (above) or endometrium (below). Distances have 
been normalized to the transplantation site. UTJ: utero tubal junction; CX: cervix; • : im
plantation; o : unattached embryo. 

TABLE 3 

Effects o f autotransplanted endosalpinx or endometrium on 
implantation and embryo development* 

Tissue N ° animals N ° animals with N ° of implants 
transplanted pregnant implants at graft site with embryos 

Endosalpinx 5/9 0 /9 3 /11 
Endometrium 9/9 8/9 11/11 

* Pauerstein et al, (1964) . 

Fig. 4: Hatched, unattached blastocyst located within 
segment of uterine horn lined with autotransplanted 
endosalpinx, day 10 postcoitum. H & E x 180. 

in control uterine horns grafted with en
dometrium. 

These results document a marked in
hibitory influence of grafted endosalpinx 
upon uterine-embryo interaction and sug
gest the rabbit endosalpinx produces a 
factor or factors that prevents implanta
tion and suppresses embryo development. 
The nature and mechanisms of action of 
such factors as well as the regulation of 
their production is presently unknown. 
The uniform failure of implantation to 
occur within endosalpinx-lined segments of 
uterus, in contrast to its normal occurrence 
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in control uteri lined with grafted endo
metrium may reflect a cell-surface phe
nomenon, tissue-specific to the endosal
pinx. In contrast, the decline in numbers 
of implantations and the inhibition in 
embryo development in uterine areas 
proximal and distal to grafted endosalpinx 
is consistent with the synthesis and release 
of inhibitory substances from the endo
salpinx which affect the entire uterine 
horn. Follow-on studies are required to 
further examine the tube's ability to alter 
trophob last-epithelial interaction and em
bryo development. Such studies will hope
fully lead to a better fundamental under
standing of tubal function and of the 
pathophysiology of tubal gestation. 
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