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Applied anatomy

The development and closure of the processus vaginalis

T.D. Uarnette and J.M. Hutson

F. Douglas Stephens Research Laboratory, Royal Children’s Hospital, Melbourne, Australia

Summary: It is now well known that the failure of the processus vaginalis
(PV) to close off following descent of the testis not only accounts for nearly
all inguinal hernias of childhood [Rothenberg et al, 1953], but also for other
| common congenital conditions of childhood such as scrotal hydroceles and
encysted hydroceles of the cord. Despite the direct relationship of the PV to
these conditions and its intimate association with the mechanism of testicular
descent, surprisingly little is known about this important structure. It is not
known, for instance, how the PV develops, what precise role it plays in testi-
cular descent, what makes it close, or exactly when it closes. The purpose of
this paper is to review the past and present literature on the PV, examining
specifically its role in testicular descent, its postulated modes of development,
and the mechanisms of its closure and disappearence following descent of the

I testis.
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Development of the processus vaginalis

In males, the testis develops at the cra-
nial end of the mesonephros. It is joi-
ned to the area of the future inguinal
canal by a continuous column of
mesenchyme known as the gubernacu-
lum testis. In the abdomen the guber-
naculum forms a well-defined ridge,
the plica gubernaculi, projecting into
the abdominal cavity and carried on a
mesentery continuous with the testicu-
lar mesentery, or mesorchium. Prior to
inguinoscrotal descent, the processus
vaginalis (PV) commences to form

around the junction of the plica guber-
naculi and the gubernacular mesen-
chyme at the site of the future inguinal
canal, as an evagination of the coelo-
mic cavity into the gubernacular
mesenchyme [Backhouse and Butler,
1960; Bergin et al, 1970]. The evagina-
tion extends around three sides of the
column of mesenchyme, leaving the
posterior surface of the gubernaculum
devoid of peritoneum.

The invading PV hollows out the
gubernaculum and divides it into three
parts [Backhouse and Butler, 1960]
(Figs. 1, 2): The plica gubernaculi, the
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intra-coelomic column of mesenchyme
extending from the caudal pole of the
testis to the distal extremity of the PV,
The pars vaginalis is a thin layer of
mesenchyme surrounding the PV, and
from which the cremaster muscle deve-
lops. It is continuous posteriorly with
the plica gubernaculi. Distally it merges
with the pars infravaginalis. The pars
infravaginalis, is the gubernacular
mesenchyme distal to the PV and into
which the processus continues to grow.

The PV closely follows the outgrowth
of the gubernaculum with the fundus
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of the cavity never being more than 1-2
mm from the gubernacular tip [Wen-
sing, 1968]. In consequence the PV is a
blind pouch, open at its cranial end
into the peritoneal cavity, and lined
with coelomic epithelium. [Wyndham,
1943]. The open sleeve of the processus
grows longer as the testis moves down-
wards [Scorer, 1962]. Its walls are
apposed before testicular passage
through the inguinal canal.

The PV invades the gubernacular
tissue in advance of the testis [Wynd-
ham, 1943; Scorer, 1962]. The testis,
gubernaculum and PV do not burrow
through the preformed layers of the
abdominal wall dragging them to form
the coverings of the cord [Backhouse,
1964], as has been suggested [Skanda-
lakis et al, 1993] and still stated in ana-
tomy texts [Johnston and Whillis,
1954]. The abdominal wall muscles and
inguinal canal differentiate around the
gubernaculum and PV. The cremaster
muscle, and both the internal and
external spermatic fascia are derived
from the pars vaginalis [Tayakkanonn-
ta, 1963; Backhouse, 1982], and not
from the abdominal wall muscles. The
nerve supply to the gubernaculum and
cremaster muscle is from the genital
branch of the genitofemoral nerve,
which traverses the inguinal canal.
This nerve supplies branches to the
cremaster muscle on its route to the
bottom of the scrotum, where it turns
back up to supply the gubernaculum
from a caudal to cranial direction
[Tayakkanonnta, 1963].

Inguinoscrotal descent commences
at about the seventh month [Scorer,
1962; Hutson, 1985] with rapid passage
of the testis through the internal ingui-
nal ring. After passage through the
inguinal canal, the gubernaculum and
PV extend toward the scrotal floor
[Wensing, 1968]. Further descent of the
testis is brought about by lengthening
of the pars vaginalis, moving the testis,
situated at the apex of the plica giber-
naculi, closer to the bottom of the.s¢ro-
tum [Backhouse, 1964] (Fig 2). Finally,
there is shortening of the plica guber-
naculi, either due to a loss of the extra-
cellular component of the gubernacular
mesenchyme [Wensing, 1968] or as a
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Schematic representation of the gubernaculum testis and PV shortly
before testicular descent, showing its component parts and also its
relationship with the surrounding structures. Reprinted with
permission of Camibridge Uuniversity Press from Backhouse K.M.
{1982]

Schematic sectional representation of PV and
gubernaculum testis, removed from the scrotum
shortly after testicular descent. Reprinted with
permission of Cambridge University Press from
Backhouse K.M. {1982]

consequence of its involvement by fur-
ther growth of the testis and cauda epi-
didymis [Backhouse and Butler, 1960].
At the same time, there is also rapid
growth of the vas deferens and testicu-
lar vessels which allows testicular des-
cent to occur [Wensing, 1968]. Adequa-
te development of the PV is essential
for testicular descent, and is dependant
on an intact gubernacular core [Back-
house, 1964]. However, a patent PV
does not guarantee testicular descent
since undescended testes are often
accompanied by a patent hernial sac
[Jones, 1966]. The PV provides a chan-
nel through which the testis can des-
cend [Backhouse, 1964], as the testis is
a truly intra-abdominal organ descen-
ding inside the patent PV, rather than
remaining retroperitoneal.

Following closure of the PV bet-
ween the internal inguinal ring and the
upper pole of the testis, the most distal
part of the processus persists as the
tunica vaginalis [Gier and Marion,
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1969]. It is often stated that the tunica
vaginalis has a visceral and parietal
layer [Johnston and Whillis, 1954]. This
is incorrect. During early development
of the testis the coelomic peritoneum is
absorbed into the tunica albuginea
[Bergin et al, 1970]. As a result, the tes-
tis lies wholly within the peritoneal
cavity during descent [Gier and
Marion, 1969]. The PV becomes only
the ‘parietal’ tunica vaginalis [Gier and
Marion, 1969]. Similarly, the ovary, has
no true peritoneal coat on the part that
projects into the peritoneal cavity.

The initial phase of development of
the PV is the same in females [Wilson
et al, 1981; Skandalakis et al, 1993].
There is no further development of the
PV or gubernaculum after 17 weeks
[Backhouse, 1984], with the PV persis-
ting as the Canal of Nuck until its clo-
sure. The gubernaculum differentiates
and forms the suspensory ligament of
the ovary and the round ligament of
the uterus [Attah and Hutson, 1991].
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It is often stated that the PV and round
ligament in the female extends as far
distally as the labium majorum. This is
based on the assumption that the
labium majorum and scrotum are
homologous, and therefore the guber-
nacular attachments should be the
same in both sexes. In fact the guberna-
culum in the female fails to reach the
labium majorum and attaches just out-
side the external inguinal ring [Attah
and Hutson,1991]. Moreover the Canal
of Nuck extends to a level just distal to
the external inguinal ring. This is borne
out by the fact that inguinal hernias in
girls do not occur in the labial folds,
but remain pubic in position.

Despite many theories, the factors
controlling evagination of the PV into
the gubernaculum remain unknown.
Some theories represent the evagina-
ton of the PV as a secondary phenome-
non, while others propose an actively
invading structure.

The most popular theory of PV
development is that it is ‘pushed out’ by
raised intra-abdominal pressure. Gier
and Marion [1969] propose that the PV
represents a hernia in a weak triangle
resulting from increased fluid pressure
in the abdomen. This increased fluid
pressure is thought to result from sepa-
ration of the intra-coelomic and extra-
coelomic cavities following closure of
the umbilical ring. Bergin et al [1970]
attribute the elongation of the PV to
gubernacular swelling, which results in
increased fluid pressure on the proces-
sus in the inguinal canal. The increased
intra-abdominal pressure may result
from the rapid growth of the gut and its
distension with meconium, while others
[Shrock, 1971] have suggested that the
development of the PV coincides with
the herniation of the mid-gut out of the
abdominal cavity at a time of high intra-
abdominal pressure.

Hunter [1926] counteracts the argu-
ment that intra-abdominal pressure
cannot act selectively on the testis by
pointing out that each testis lies in a
gutter of peritoneum at the entrance of
the inguinal canai, and although the
pressure within the abdomen acts
equally in all directions, it pushes the

testis because it lies at the opening of
the inguinal canal. Despite this, the
pressure theory fails to explain why the
PV develops to such a great extent in
males, but is only rudimentary in the
female. It also fails to explain asymme-
trical descent of the testis [Radhakrish-
nan et al, 1979], which is best explai-
ned, rather, by asymmetrical develop-
ment of the gubernaculum and PV due
to local factors [Heyns and Hutson,
1995; Radhakrishnan et al, 1979].

Curling [1841] and others [Pearson,
1956; Lewis, 1948] believed that muscu-
lar fibres from the gubernaculum pas-
sed up to the testis in the abdomen and
that contraction of these fibres served
to draw the testis and PV into the
inguinal canal. These traction theories
of development of the PV fail to explain
why the PV forms prior to descent of
the testis, because although a close lin-
kage exists between these events, the
PV still invades the gubernacular tissue
ahead of the testis [Scorer, 1965; Hes-
sert, 1910]. The PV was not thought to
be an evagination, but a portion cut off
from the peritoneum by encroachment
of the anterior abdominal wall during
its formation. Wyndham [1943]
thought that the PV formed due to
growth changes of the abdominal wall,
rather than by proliferation.

The most plausible theory of deve-
lopment of the PV is active invasion of
the gubernacular core by the PV. Evi-
dence for this comes from the finding
of actively growing cuboidal epithelial
cells with visible mitotic figures at the
tip of the PV, in contrast to the flatte-
ned mesothelium of the surrounding
peritoneum [Backhouse, 1964]. Active
invasion may explain why the PV
becomes large and well developed in
the male, but remains rudimentery in
the female. This theory is supported by
the finding in human embryos, that the
inguinal canal already contains the
gubernaculum, PV, and cremaster
muscle prior to both testicular descent
and differentiation of the abdominal
wall musculature [Pearson, 1956]. That
testicular descent is preceeded by very
rapid distal growth of the PV provides
further evidence for active invasion.
[Scorer, 1965; Hessert, 1910].
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Active migration of the PV requires
a specific signal or controlling factor.
The development of the PV is best
separated into two distinct phases - an
initial phase of development which is
the same in both sexes, and a subse-
quent phase occurring only in males. It
is therefore likely that the factors
controlling the first phase of develop-
ment may well differ from those
controlling the second phase. Early
formation of the PV may be genetically
determined by an as yet unknown
mechanism. Androgens are implicated
in the subsequent PV development in
males as this occurs at a time when
large amounts of androgen are being
produced by the fetal testis [Backhou
se, 1964]. However, evidence against a
direct role for androgens comes from
the failure to identify androgen recep-
tors in samples of human PV from
males aged 4 months to 65 years
[Johansen and Klein, 1993].

Closure and disappearance of the PV

In females the PV fuses and obliterates,
while in-males, the upper part of the
PV between the internal inguinal ring
and the upper pole of the testis under-
goes closure and disappearance, lea-
ving the most distal part persisting as
the tunica vaginalis [Bergin et al, 1970].
Two poorly understood aspects of this
important event in the life of the PV
are the exact time at which closure and
disappearance takes place, and the
mechanisms involved.

There are many theories on the
timing of closure and disappearance
of the PV, deduced from autopsies,
looking specifically at the patency of
the PV, and studies looking at the
patency of the contralateral PV in
inguinal hernial repair. Mitchell [1939]
examined 19 term babies and found
that the PV was patent in 82% of
males. The patency rate in fernales was
only 60% at birth. The results from
several studies [Rowe et al, 1969; Clau-
sen et al, 1958; Gilbert and Clatworthy,
1959; McLauthin and Coe, 1960] on the
incidence of patency of the contralate-
ral PV at various ages, during bilateral
inguinal exploration'in cases of clini-
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cally unilateral hernia, suggest a paten-
cy rate at birth of about 70-80%. This
gradually decreases to about 30-40%
by 3-4 years of age, although Anson et
al [1960] only found 5.1% in 254 adult
autopsies. These studies make it diffi-
cult to predict the exact ontogeny of
closure of the PV. However, PV is part-
ly or completely patent in up to 80% of
infants. By 1 year of age, the patency
rate seems to fall considerably to
around 30-40% . After 1 year of age,
the patency rate falls much more gra-
dually, reaching a plateau by 3-5 years
of age. Autopsy findings suggest that
the left PV closes first. The right sided
PV remains patent in infancy twice as
often as on the left side. In dissections
of newborns, Mitchell [1939] found
that the PV was closed on the right side
in 30% of cases at birth, compared with
40% on the left. This has always been
suspected clinically, as inguinal her-
nias occur twice as frequently on the
right side [Atwell, 1962].

The first event that occurs in the
disappearance of the PV is the fusion of
its lumen, followed by subsequent
disappearance of the mesenchyme
[Mitchell, 1939; Hessert, 1910]. The PV
may become occluded by zygosis,
which is defined as a process of deve-
lopmental adhesion, not preceeded by
inflammatory changes. Russell [1899]
postulated that the mesothelial lining
of the PV prevented fusion, since the
use of a truss failed to cure infant
inguinal hernias. In anatomical dissec-
tions carried out by Lockwood [1888]
the interior of the PV was always smoo-
th and shining, and he concluded that
there was no evidence to suggest that
the PV closed by adhesions. It is not
known whether PV closure and disap-
pearance occurs in response to a speci-
fic signal or whether it is a spontaneous
event occurring in the absence of a
mechanical barrier. The high incidence
of a patent PV in association with
congenital undescended testes [Jones,
1966; Johansen, 1988; Herzog et al, 1993]
suggests that the PV can only close off
once the testis has descended [Scorer,
1962]. Alternatively, the mechanisms of
testicular descent and PV closure may
be linked. Evidence from patients with
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testicular feminization (TFM) suggest
that androgens are linked to the closure
of the PV. Inguinal hernias are present
in most cases of complete TEM, in
which complete end-organ resistance
to androgen occurs [Griffin and Wil-
son, 1980]. The presence of an undes-
cended testis may be a physical barrier
to prevent closure of the patent PV,
however, this does not explain patency
where the testis is intra-abdominal.
Further evidence linking androgens to
the closure of the PV comes from the
degree of androgen-dependent epididy-
mal development [Elder, 1992], in the
presence of a patent PV. Epididymal
abnormalities are more frequent when
there is a patent PV [Herzog et al,
1992]. Other evidence arises from stu-
dies using hormonal treatment for
cryptorchidism [Bica and Hadziselimo-
vic, 1993; Herzog et al, 1992]. A combi-
nation of luteinizing hormone- release
hormone (LH-RH) and human chorio-
nic gonadotrophin (hCG) reduced the
frequency of a patent PV from 69% to
31%. LH-RH and hCG both result in

Fig.3a-f

a Normal obliteration of the PV
between the internal inguinal ring
(IR} and the upper pole of the
testis, leaving only the mast distal
part of the processus vaginalis
patent as the tunica vaginalis (TV).
b Complete patency of the PV
which allows abdominal contents to
prolapse through the inguinal canal
to the bottom of the scrotum,
resulting in an inguino-scrotal
hernia. ¢ Proximal patency of the PY
leading to the common inguinal
hernia presenting as a lump just
outside the external inguinal ring
(EIR). d Narrow patency of the PV
allows intraperitoneal fluid to
trickle down and collect around the
testis to produce a hydrocele. e
Narrow patency of the PV extending
just beyond the external inguinal
ring resulting in an encysted
hydrocele of the cord. f Obliteration
of the lumen of the PV but
persistence of the tissues as an
inelastic fibrous remnant prevents
normal elongation of the cord,
leading to relative ascent of the
testis out of the scrotum as the boy
grows

increased androgen secretion by the
testis, implicating androgens in PV
closure. The action of androgens is
likely to be indirect, since androgen
receptors have not been detected in the
PV [Johansen and Klein, 1993]. It has
previously been shown [Larkins et al,
1991] that the genitofemoral nerve
(GFN) exhibits sexual dimorphism ,
with the male GFN having a greater
number of cell bodies in the spinal
cord. It has been suggested [Hutson
and Beasley, 1987] that androgens
released from the developing testis
masculinize the GFN, resulting in the
release of the neuropeptide known as
calcitonin gene-related peptide
(CGRP), to influence gubernacular
migration. Recent work in our laboro-
ratory [Paxton, 1993; Albano, 1995; Hut-
son et al, in press] has led us to hypo-
thesize that CGRP released from the
GFN causes closure of the PV by brin-
ging about fusion of its inner mesothe-
lial layer. The location of the GFN in
the inguinal canal [Tayakkanonnta,
1963} is quite consistent with such an
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hypothesis. It is also postulated that the
reason for the postnatal androgen
surge found in boys, between 1 and 3
months of age [Gendrel et al, 1980], is
to stimulate the GEN to release CGRP
in order to bring about closure of the
PV. This hypothesis could also explain
a role for the GFN in females. The func-
tion of the small amount of CGRP pre-
sent in the female is currently unk-
nown, so it is possible that it is required
to bring about closure of the rudimen-
tary PV.

Clinical conditions resulting
from the persistence of the PV

Failure of complete closure and oblite-
ration of the PV results in the follo-

Fig.4

Schema illustrating ‘ascent’ of the
testis. The testis is fully descended
at birth, With further growth the
fibrous remnant of the PV prevents
elongation of the vas deferens and
gonadal vessels. Note that the
position of the testis in relation to
the pubis has not changed, but
appears to ascend out of the
scrotum due to progressive growth
of the scrotum

Stationary
position
of testis

wing clinical conditions. Wide patency
at the level of the internal inguinal ring
allows abdominal contents, such as
bowel, to enter the patent sac, leading
to an inguinal hernia (Fig. 3b, c). Enti-
re PV patency results in an inguinos-
crotal hernia (Fig. 3b). More common-
ly, only the proximal portion of the PV
remains patent and the hernia presents
as a lump at the external inguinal ring
(Fig. 3¢). Partial involution of the PV
leaves a narrow connection to remain
between the peritoneal cavity and the
tunica vaginalis which only allows per-
itoneal fluid to enter the sac, thus for-
ming a scrotal hydrocele (Fig. 3d).
Occasionally, this narrow connection
does not extend all the way down to
the tunica vaginalis, and an encysted
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hydrocele of the cord results (Fig. 3e).
It has been proposed recently {Clarnet-
te and Hutson, 1997] that the spec-
trum of disorders resulting from
abnormalities of closure and disappea-
rance of the PV may also extend to
include the ‘ascending testis’, a term
used to describe a testis which is
undescended later in childhood after
apparent normality in infancy {Hutson
and Beasley, 1992]. The PV closes, but
may fail to disappear, and leave a
fibrous remnant within the spermatic
cord that prevents elongation of the
spermatic cord in proportion to grow-
th [Smith et al, 1989]. Thus, a testis in
the scrotum at birth becomes undes-
cended later in childhood (Figs. 3f, 4).
The testis does not actually ascend, but
rather, remains stationary in posi-
tion.The persistence of a fibrous rem-
nant at some stage during the normal
closure and disappearance of the PV
has been noted by several authors
[Mitchell, 1939; Johnston and Whillis,
1954], and its presence is a typical fin-
ding at operation for correction of the
ascending testis .

The hypothesis that the GFN effects
closure of the PV via the release of
CGRP may explain the indirect role of
androgens in the closure of the PV,
and, a possible role for the small
amount of CGRP present in the female
GFN. This is potentially an exciting
development as it offers the hope of
providing a locally administered agent
to bring about closure of the PV, allo-
wing non-operative management for
indirect inguinal hernias, scrotal
hydroceles, and possibly even, ascen-
ding testes.
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