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Hydrocele in Pediatric Population
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ABSTRACT
Hydrocele is a collection of fluid within the tunica vaginalis. Based upon the etiology and the pathophysiology, it is divided into, 
the primary and secondary. The primary hydrocele includes the neonatal or the congenital, the communicating and the non-
communicating or the closed or the adult type. The secondary hydrocele can develop in the substrate of a pre-existing disease. After 
systematic and thorough systematic and thorough research of the relevant literature, we aim at describing all the aspects of this 
entity, with specific emphasis on the issues that remain unanswered from the scientific community.
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ETIOLOGIC CLASSIFICATION

Hydrocele is the collection of fluid within the tunica vag-
inalis of the testis. Based on the pathophysiological sub-
strate, it is divided into primary and secondary. The pri-
mary hydrocele includes the neonatal or the congenital, 
the communicating and the non-communicating or closed 
type (1).

The secondary hydrocele can develop on the grounds of 
a pre-existing disease such as inflammation (epididymitis, 
epididymo-orchitis), testicular torsion or its embryonic 
appendages (appendiceal torsion), previous surgical inter-
vention in the inguinal region or scrotum (e.g. varicoce-
lectomy), hypoproteinemia due to a systemic disease and 
trauma or tumor of the intrascrotal structures. In third-
world countries parasitic diseases (lymphatic filariasis, 
Wuchereria bancrofti etc.) are common causes of second-
ary hydrocele (2).

In the context of patent processus vaginalis pathology, 
the following disorders may occur: the processus vaginalis 
is almost obliterated from the level of the internal inguinal 
orifice. The rest of it fills with fluid which descends from 
the peritoneal cavity, so we have the neonatal or congenital 
hydrocele.

When the processus vaginalis remains obliterated on 
either side of a complete with fluid cavity, it is referred as 
a cystic hydrocele or a cyst of the spermatic cord. When 
the processus vaginalis is patent in its entire length, the 
result is the communicating hydrocele.

A  particular entity is the abdomino-inguino-scrotal 
hydrocele. It is believed that the cause is the presence of 
a valve type obstruction of the processus vaginalis above 
the internal inguinal orifice. The fluid is collected up to 
the level of the internal inguinal orifice. In contrast to the 
large compliance of the scrotum, the inguinal canal is rela-
tively small, due to its fibromuscular nature. The accumu-
lated fluid within the processus vaginalis causes the devel-
opment of high pressure at the internal inguinal orifice. 
However, this pressure overcomes the intra-abdominal 
one, then the hydrocele spreads intra-abdominally and so 
the abdominal part of the abdomino-inguino-scrotal hy-
drocele is formed. The collected fluid can be spread both 
intraperitoneally and retroperitoneally (3).

The non-communicating or closed type hydrocele most 
often manifests in prepubertal age. The mechanism of 
development remains unknown. It has been suspected 
that the cause could be a small communication between 
the processus vaginalis and the peritoneum that remains 
asymptomatic during early childhood and manifests later. 
However, with the surgical confirmation of an absence of 
a patent processus vaginalis, this hypothesis is disputed. 
Koutsoumis et al conducted a biochemical analysis of the 
fluid in 13 patients with a closed type hydrocele and found 
that it was serous fluid in all cases (4).

According to the latest postulation, the primary 
non-communicating hydrocele is caused by a disorder in 
the balance between the rate of production and reabsorp-
tion of the fluid from the tunica vaginalis epithelial cells. 
Therefore, it concerns either an increased rate of produc-
tion, or a reduced rate or reabsorption of the collected flu-
id within the tunica vaginalis (4, 5).

EMBRYOLOGY

The processus vaginalis develops as a peritoneal protru-
sion during the 12th embryonic week. Gradually it exits 
from the internal inguinal orifice, it traverses the inguinal 
canal and in girls, it is inserted in the pubic tuberculum. 
In boys, it reaches the scrotum with its last part forming 
the two layers of the tunica vaginalis which surrounds in 
part the homolateral testis. The processus vaginalis takes 
part catalytically in the testicular descent from the lumbar 
region to the scrotum, like a “hydraulic” force.

After birth, the progressive obliteration of the proces-
sus vaginalis continues. Because the descent of the left 
testis is completed earlier, the obliteration of the right 
processus vaginalis is delayed (6). This fact explains the 
prevalence of right-side manifestation of the entities in 
the context of patent processus vaginalis (7). The proces-
sus is patent in 80–94% of newborn boys. Sachs proved 
that in ages ranging from 4 to 12 months, it remains pat-
ent in 57% of infants (8). Autopsy studies of adults showed 
that the processus vaginalis is patent in 5% (5–37%) of 
 cases (9). In 80–88% of adult males the processus vaginalis 
is turned into a fiber chord after its obliteration. In females 

Fig. 1 Congenital hydrocele.

Fig. 2 Spermatic cord hydrocele. Notice the distal part of processus 
vaginalis (red arrow), the cyst (black arrow) and the proximal part of 
processus vaginalis (blue arrow).
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the corresponding structure is called the Nuck canal and it 
reaches the ipsilateral major labium.

The existence of a  patent processus vaginalis is an 
 essential but not catalytic factor for the development of 
an indirect inguinal hernia, because only 8–12% of adults 
develop indirect inguinal hernia (10).

Hutson et al. claim that the androgen-dependent ac-
tion of the genitofemoral nerve through the secretion of 
a neuropeptide (calcitonin gene-related peptide, CGRP) is 
responsible for the physiologic obliteration of the proces-
sus vaginalis (11). Reduced secretion of CGRP prenatally 
causes disorders in the descent of the testis, while the 
reduced secretion antenatally leads to inguinal hernia or 
hydrocele. CGRP causes in vitro obliteration of the pro-
cessus vaginalis in infants with inguinal hernia. Initially 
the peptide acts on the fibroblasts of the wall of the pro-
cessus vaginalis, in which the presence of CGRP recep-
tors have been documented. The mechanism however by 
which these changes occur in the mesothelium of the pro-
cessus vaginalis that have been observed in vitro studies 
and the following obliteration have not been clarified yet 
(11, 12).

Tanye et al. believe that the failure of  obliteration 
of  the processus vaginalis is caused by the presence 
of smooth muscle fibers in its wall. This hypothesis is 
based on studies in which increased expression of dif-
ferent markers, such as actin and desmin in the proces-
sus  vaginalis wall of  patients with inguinal hernia or 
communicating hydrocele, were recorded (12). Based on 
these observations, the existence of smooth muscle fibers 
was proven in the wall of a patent processus vaginalis, 
in contrast to their absence from a normally obliterated 
one. However, the exact mechanism by which the smooth 
muscle fibers keep the processus patent is not completely 
understood.

The degeneration of myofibroblasts induces the apopto-
sis of the smooth muscle fibers and the mesothelium of the 
processus vaginalis, which leads to its obliteration. There-
fore, disorders in this procedure cause disturbance in the 
normal obliteration of the processus vaginalis (12, 13).

It has been estimated that the quantity of smooth mus-
cle fibers that remain on the wall of the processus vagina-
lis, correlates with the manifestation of either hydrocele-
(less), or inguinal hernia(more). In the above mechanism, 
the autonomic nervous system and activity of androgen 
disorders are involved, since these two factors are con-
sidered to affect the smooth muscle fibers. The androgens 
affect the fibers both directly and indirectly through the 
sympathetic nervous system, which has an androgen de-
pendent activity. The sympathetic innervation plays an 
important trophic role for the smooth muscle fibers, in-
creasing the intracellular cAMP through β-adrenergic re-
ceptors. Consequently, with the reduction of the activity 
of the sympathetic nervous system and the reactive in-
crease in the parasympathetic activity, the smooth muscle 
cell apoptosis is induced (13).

Especially in females, due to a smaller number of sym-
pathetic nerve fibers, the sympatholytic activity causes 
apoptosis of the smooth muscle fibers on the walls of the 
Nuck canal. Based on this analysis, the rarer manifestation 
of inguinal hernia in females might be explained (13, 14).

CLINICAL MANIFESTATION AND EVOLUTION 

Due to a progressive obliteration of the processus vagi-
nalis, the neonatal or congenital hydrocele is reversed on 
its own in 63–89% of cases until the age of 12–24 months 
(15, 16). Indeed, this obliteration is completed within the 
first six months of life in 75% of cases (1).

If  the processus vaginalis remains patent, however, 
then the communicating hernia develops. The communi-
cating hydrocele usually presents during infancy and is bi-
lateral. The increase and decrease of swelling are pathog-
nomonic findings.

Hydrocele must be differentiated from the inguinal 
hernia especially when it expands to the scrotum. The cer-
vix of the hydrocele is narrow at the level of the external 
inguinal orifice, in contrast to the inguinal hernia which 
expands into the inguinal canal. The content of the ingui-
nal hernia can be repositioned, while the hydrocele one 
cannot be repositioned. The latter is difficult to assess in 
neonates and infants, especially if it concerns a hydrocele 
under pressure. In this case, a digital rectal examination is 
necessary to exclude an incarcerated inguinal hernia. Dur-
ing the effort of repositioning a hydrocele under pressure, 
the fluid can be directed internally through the external 
inguinal orifice, giving the impression of repositioning an 
incarcerated inguinal hernia. The hydrocele, however, is 
mobile and painless, while the inguinal hernia is fixed to 
the wall of the inguinal canal and is painful during pal-
pation. Transillumination can contribute diagnostically, 
however an incarcerated air-filled intestinal helix can 
 appear similarly to a hydrocele.

Fig. 3 Adult type hydrocele.
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The congenital or neonatal hydrocele should not worry 
the parents as in most cases it subsides within the first year 
of life. A periodic follow-up is required every 3–6 months 
during this period. Urgent evaluation may be required if it 
suddenly increases in size or pressure develops. If the hy-
drocele persists beyond first 1–2 years of life, then it possi-
bly concerns a communicating one. Before the last 15 years, 
most pediatric surgeons were aggressive concerning the 
time of treatment, assuming it was potentially an inguinal 
hernia. Today a more conservative approach is followed 
(17). Besides that, the probability of inguinal hernia is less 
than 5% and without a reported episode of incarceration 
(16). A  longer follow-up, however, is usually required.

In cases of delayed manifestation of hydrocele, Chris-
tensen et al. believe that the indication for surgical in-
tervention is better to be set after a  monitoring period 
of 6–9 months, during which there is a 75% chance of re-
version (18). In spermatic cord hydrocele, surgical inter-
vention is recommended, if it persists beyond the age of 
18 months (16, 18).

In conclusion, the advised strategy is to avoid surgical 
procedure during the first 2 years of life, except for the 
following cases: a) the existence of inguinal hernia can-
not be excluded, b) it concerns a large, symptomatic and 
under pressure hydrocele and c) it concerns a communi-
cating hydrocele with frequent increase and decrease of 
its size, a fact that means that a great volume of fluid is 
being transferred between the peritoneal cavity and the 
processus vaginalis, so its width is large, suggesting a po-
tential inguinal hernia. After the first two years of life the 
hydrocele must be surgically corrected if it does not tend 
to subside or if it manifests acutely, as at this age its rever-
sion is extremely rare.

PRINCIPLES OF MANAGEMENT 

The basis of the communicating hydrocele operative man-
agement is the high ligation of the processus vaginalis 

at the level of the internal inguinal orifice with creation 
of a fenestration in the homolateral tunica vaginalis. Re-
version of the tunica vaginalis is not required (Bottle 
procedure) (6, 19). Reversion of the tunicae is indicated 
in a hydrocele under pressure as well, as in cases, where 
the tunica vaginalis is thickened, by fibrotic and with ele-
ments of inflammation (6, 19).

In tense neonatal hydrocele, in abdomino-scrotal hy-
drocele and in closed type hydrocele the procedure can be 
performed via scrotal approach with trans-scrotal incision. 
Tunica albuginea reversion, with or without tunica vagina-
lis excision, along with joining the tunicae- with sutures- 
in the posterior surface of the testis, without spermatic 
cord compression (Lord method), is recommended (2–5).

The advantages of the scrotal approach include a better 
aesthetic result, reduction in operative time and no danger 
of damaging the ilioinguinal nerve (2–5).

POSTOPERATIVE HYDROCELE 

The most characteristic example includes the hydrocele 
that is formed in the ipsilateral hemi-scrotum – usually the 
left – after varicocelectomy. Usually they develop within 
2–22 months after surgery, although cases observed more 
than 6 years after surgery have been reported (20, 21). 
Possibly, in most cases, the post-surgical follow-up period 
is short, thus cases of hydrocele that develop late can be 
missed. It is not considered a relapse, since pre-surgically 
hydrocele does not exist. This entity affects 1–40% of males 
that have undergone varicocelectomy (22, 23). Etiological-
ly it is believed that the cause is destruction or blockage 
of the lymphatic vessels, whose course is parallel to the 
internal spermatic vessels. It has been established that the 
hydrocele improves and reverses in 14–60% of cases, either 
due to development of collateral lymph circulation or re-
growth of the blocked lymphatic vessels (20, 21).

In cases when the postoperative hydrocele persists 
beyond the first year after varicocelectomy, its surgi-

Fig. 4 1. Normal anatomy, 2. Adult type hydrocele, 3. Communicating hydrocele, 4. Spermatic cord hydrocele, 5. Inguinal hernia, 
6. Inguinoscrotal hernia; a. peritoneal cavity, b. scrotum, c. tunica vaginalis, d. testis, e. epididymis, f. spermatic duct, g. processus vaginalis.
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cal management is indicated. Initially, aspiration under 
aseptic conditions is recommended and, if it relapses, hy-
drocelectomy by scrotal approach is required. It should be 
noted that the possibility of relapse is much greater than 
the documented in other cases of hydrocele. Esposito et 
al. in their small series observed that 2 out of 6 cases with 
postoperative hydrocele in the context of varicocelectomy 
finally relapsed (22). 

HYDROCELE RECURRENCE 

Recurrence usually develops after the treatment of in-
guinal hernia or hydrocele of the homolateral inguinal 
region. Commonly, this occurs several months postoper-
atively. Morecroft et al. treated 556 males with hydrocele 
or inguinal hernia and observed that 8 out of 556 (1.4%) 
developed hydrocele postoperatively (23). Ein et al. treated 
5,343 males with hydrocele or inguinal hernia and post-
operative hydrocele developed only in 2 patients (0.038%) 
(24). Davies et al. found that the hydrocele recurrence was 
greater (11%) when the male patients that had undergone 
surgery for hydrocele or inguinal hernia weighted less 
than 3 kilograms (25). In the contrary, Moss et al. demon-
strated that only 2 out of 328 neonates (0.6%) experienced 
hydrocele recurrence (26).

There is no algorithm concerning the surgical strate-
gy that should be followed for this complication (21, 27). 
The first step is the observational approach for at least 
6 months. The next step is the trans-scrotal paracentesis 
and the absorption of the fluid with the use of a needle un-
der aseptic conditions and local anesthesia, in cases when 
the hydrocele persists, or the volume of the collected fluid 
increases, or local discomfort appears. A contraindication 
for this procedure is the existence of homolateral inguinal 
hernia or communicating hydrocele. 

Surgical management is advised if  the fluid aspira-
tion – which can be repeated up to 5 times – does not solve 
the problem. Surgical intervention can be performed ei-
ther via scrotal or inguinal incision. The majority of pedi-
atric surgeons prefer the inguinal approach, as this allows 
the exploration and correction of a potential inguinal her-
nia or a communicating hydrocele. 

The inguinal approach is also advised in those cases, in 
which the first operation was performed trans-scrotally, 
because the anatomy and the potential presence of ingui-
nal pathology were not thoroughly assessed.

NUCK’S HYDROCELE 

Nuck’s  hydrocele concerns a  communicating hydrocele 
in females resulting from the persistence of a  patent 
Nuck’s  canal, the equivalent of the processus vaginalis 
in males. Nuck’s canal was named after the Dutch Anton 
Nuck, who first described this anatomic entity (28). This 
peritoneal protrusion accompanies the round ovarian lig-
ament in its extra-abdominal course. It passes through the 
inguinal canal and attaches to the ipsilateral pubic tuber-
culum. The wall of this peritoneal protrusion is comprised 
of mesothelial cells with single or multi-layered cuboidal 

or cylindrical epithelium internally, which are surround-
ed by a thick fibrotic connective tissue, which is in turn 
traversed by bundles of smooth muscle fibers.

It is possible for the Nuck’s canal to obliterate, resulting 
in fluid accumulation within the canal due to an imbalance 
between the production rate from the mesothelial cells 
and the rate of its absorption. 

Nuck’s hydrocele can be classified into 4 types (29):
– the equivalent to the spermatic cord cyst in males,
– the equivalent to communicating hydrocele in males,
– the “hour glass” type or the type of two-space hy-

drocele. In this type, two cavities are observed, one 
peripheral, closed type and one central that commu-
nicates with the peritoneal cavity through the patent 
Nuck’s canal,

– the equivalent to the non-communicating or closed 
type hydrocele in males.
It is a rare entity, as relevant literature mainly con-

sists of case reports or small case studies. In general, 
Nuck’s hydrocele is 8 times rarer than the communicating 
hydrocele in males (28, 29). It is characterized by painless 
and non-reversible swelling, usually mobile, with well-de-
fined boundaries, located in the right inguinal region that 
can expand to the ipsilateral major labium of the vagina. 
Swelling can range from 2.3 to 5.6 cm (28). The physician 
must differentiate it from an incarcerated inguinal her-
nia or an incarcerated femoral hernia, especially from 
one which contains ovary or part of the small intestine or 
omentum or a lipoma, the soft tissue tumors of the ingui-
nal area and the inguinal region lymphadenopathy.

It is worth highlighting that 98.7% of cases of swelling 
of the inguinal region in females correspond to an ingui-
nal hernia and only 0.76% to Nuck’s hydrocele (28).

Diagnosis is confirmed by ultrasonography. Major find-
ings are the hypo-echoic or anechoic content, the single 
cavity or multiple cavities with thin septa and the depic-
tion of the “comma sign” (29). Rarely, magnetic resonance 
imaging may be required.

Treatment of choice is the ligation of the Nuck’s canal 
at the level of internal inguinal orifice – as long as it is pat-
ent – and its removal down to its peripheral attachment to 
the homolateral pubic tuberculum (29). 
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