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Abstract In a retrospective study, we examined 23 pre-
term infants (18 boys, 5 girls) with a median weight of
1540 g (range 720-2770 g) and a median age of 32 weeks
(range 25-36 weeks) gestation, who were subsequently
operated on after a median of 65 days (range 20-
121 days) for 33 inguinal hernias. The infants were
evaluated with respect to concomitant diseases as well as
peri- and postoperative complications. The following
surgical procedure was used in all patients: a high suture
ligation after excision of the hernia sac, followed by
closure of the groin according to Grob in boys, and
according to Bassini in girls. Co-morbidity was high in
the pre-term infants, both pre- and perinatally. Despite
this high co-morbidity and a high rate of emergency
operations due to incarcerations, the postoperative
complication rate was very low. However, the rate of
testicular atrophy (10%) and recurrent inguinal hernia
(9%) registered by us in the median follow-up of
575 days (range 1051118 days) was much higher than
that seen in older infants. Nevertheless, based on the low
perioperative complication rate registered in the present
study, we postulate that early surgery is tenable in pre-
term infants despite the high co-morbidity and is even
meaningful for the purpose of reducing the high rate of
incarceration and testicular atrophy. The high recur-
rence rate in pre-term infants appears to be related to
the numerous concomitant diseases in these patients, the
resultant increase in intra-abdominal pressure and the
small size of anatomical structures.
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Introduction

The open vaginal process of the peritoneum that plays a
key role in intrauterine descent of the testicles from the
abdominal cavity into the scrotum is the anatomical
basis of congenital pediatric inguinal hernia [7, 22]. The
emergence of inguinal hernia during the development of
the groin is, however, attributed to the increase in
abdominal pressure as a result of concomitant systemic
diseases [14, 22]. As the vaginal process of the perito-
neum is still entirely open in pre-term infants and as such
infants often have several concomitant systemic diseases
associated with an increase in abdominal pressure, the
incidence of inguinal hernia in pre-term infants is as high
as 13-30%, according to published data [1, 3, 10, 14, 22,
37]. This high incidence makes inguinal hernia the most
common indication for surgery in pre-term infants. The
purpose of the present study was to elucidate special
aspects of inguinal hernia and herniotomy in these in-
fants.

Patients and methods

From October 1995 through to February 1998, we operated
on 23 pre-term infants (18 boys and 5 girls) with 33 inguinal
hernias. Their median age was 32 weeks (range 25-36 weeks)
gestation and their birth weight, 1540 g (range 720-2770 g).
Infants with asymptomatic inguinal hernia were operated on
electively, shortly before they were transferred from the neonatal
intensive care unit to the regular ward. In the event of incar-
ceration, a primary reduction was attempted. If this was suc-
cessful, the planned operation was performed about 48 h later.
Irreducible inguinal hernias were operated on immediately. The
standard procedure used in all pre-term infants was high suture
ligation after excision of the hernia sac, followed by closure of
the groin according to Grob in boys and according to Bassini
(modified) in girls.

e Grob’s procedure. Exposure of external inguinal ring, dissection
of external oblique fascia, mobilization of the neck of the hernial
sac with high suture ligation, interrupted sutures between oblique
internal muscle and inguinal ligament, closure of the oblique
external fascia



e Bassini’s procedure (Prof. Sauer’s modification). High suture li-
gation of the hernial sac under separation of lig. teres uteri, su-
ture draws cranial through oblique external fascia and internal
muscle and again the margin of external oblique fascia, caudal
broad grasp of inguinal ligament, closure of caudal to cranial
part of the external oblique fascia with interrupted sutures.

In cases of bilateral hernia, the surgeon decided whether to
perform surgery in a single session or as a two-step procedure.
Routine exploration of the contralateral side in cases of clinically
evident unilateral inguinal hernia was not generally undertaken.
Based on the patient’s history and in the course of an ambulatory
examination, the pre-term infants were followed up with regard to
their herniotomy, postoperative course and subsequent develop-
ment. The data are expressed as percentage prevalences, medians
and ranges.

Results

Approximately one-third of the mothers in our patient
collective had severe metabolic diseases and/or risk
factors. Nearly one-half of the mothers had pregnancy-
related complications (Table 1 and Table 2).

Seven children (30%) were delivered by Caesarian
section and three (13%) were born in the course of twin
births. In two cases (8%), a feto—fetal transfusion syn-
drome occurred. One pre-term infant (4%) had to be
resuscitated during delivery. In addition to these pre-
and perinatal factors that favored the development of
inguinal hernia, the pre-term infants very frequently had
severe concomitant diseases associated with an increase
in intra-abdominal pressure. Pulmonary diseases in
particular were present in up to 43% of the patients
(Table 3). Specific connective tissue diseases were not
seen in the present patient population. None of the pre-
term infants had undergone a laparotomy before the
herniotomy.

At the initial examination, 12 (52%) hernias were on
the right side, seven (31%) were bilateral and four (17%)
were located on the left side. Three (13%) of the pre-
term infants subsequently developed a hernia on the
contralateral side; in two children, this appeared on the
left side and in one on the right side. Six (26%) pre-term
infants had an irreducible, incarcerated hernia that

Table 1 Metabolic diseases and risk factors of the mothers
(multiple denominations possible)

HELLP syndrome 2
Diabetes mellitus 1
Arterial hypertension 1
Epilepsy 1
Alcoholism 2

Table 2 Pregnancy-related complications (multiple denominations
possible)

Early rupture of membranes
Placenta previa

Vaginal hemorrhage
Threatened abortion
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required emergency surgery. Five children with asymp-
tomatic bilateral hernia were operated on in a single-
step, and two children with bilateral hernia in a two-step
procedure. Surgery on the contralateral side was per-
formed 2 weeks after the initial operation. At the time of
surgery, the median postpartal age of the infants was
65 days (range 20-121 days) and their weight 2540 g
(range 1820-6260 g). At the premedication visit, one
pre-term infant (4%) was assigned to ASA (American
Society of Anesthesiology) category I, 16 (59%) to ASA
category II and 10 (37%) to ASA category III (Table 4).
Anesthetic complications were not encountered.
Intraoperatively, only indirect hernias were found.
Direct hernias or combinations of direct and indirect
hernias did not appear in our patient collective. In 14
herniotomies (42%), an edematous hernia sac was iso-
lated, and three children (9%) had an extensive hydro-
cele. In seven boys (26%), the hernia sac contained the
testicles, in one girl (17%) the ovary, in three children
(9%) portions of the bowel and appendix. In none of the
operations was bowel resection or removal of the gonads
required. A uniform surgical procedure was used, con-

Table 3 Concomitant diseases of our pre-term infants (multiple
denominations possible)

n %
Resuscitation 1 4
Feto—fetal transfusion syndrome 2 8
Sepsis 4 17
Metabolic diseases 6 26
Apnea 10 43
Asphyxia 2 8
Pulmonary hemorrhage 4 17
Pneumonia 2 8
Pneumothorax 1 4
Wet lung 1 4
Infant respiratory distress syndrome 6 26
Cardiomyopathy 1 4
Atrioventricular septal defects 1 4
Persistent ductus arteriosus 3 13
Subependymal hemorrhage 6 26
Intraventricular hemorrhage 2 8
Cerebral palsy 2 8
Fits 1 4
Hydronephrosis 2 8
Renal insufficiency 1 4
Single kidney 1 4
Hypospadia 1 4
Umbilical hernia 2 8
Constipation, neuronal intestinal dysplasia 2 8
Gastro-esophageal reflux disease (GERD) 1 4
Table 4 Summary of anesthetic procedures
n=26 Y%
Endotracheal anesthesia 8 31
Endotracheal/caudal anesthesia 5 19
Endotracheal/regional anesthesia 1 4
Inhalation/caudal anesthesia 4 15
Sedation/caudal anesthesia 8 31
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sisting of excision of the hernia sac with a high suture
ligation and closure of the groin according to Grob in
boys or according to Bassini in girls. If required, an
orchidopexy or removal of the hydrocele was performed
additionally. Perioperative complications were not
encountered in our population. After a brief stay at our
department, the pre-term infants could be discharged or
transferred to the pediatric department the day after
surgery. Postoperative complications such as hematoma,
hemorrhage, wound infection or wound healing disor-
ders did not occur.

Twenty-one (91%) of our operated pre-term infants
could be followed up after a median of 575 days (range
105-1118 days). We diagnosed three recurrent inguinal
hernias, which signified a recurrence rate of 9% for the
entire population. One male and extremely premature
infant developed bilateral recurrent hernia 14 weeks af-
ter a two-step herniotomy. The operation for the re-
current hernia in this patient has not yet been
performed. One further male patient had an indirect
recurrent inguinal hernia at the follow-up and at the
repeat operation performed 6 months after initial sur-
gery. Having undergone repeat surgery with the same
surgical technique, the child is still free of recurrence.
None of the girls we operated on developed a recurrent
hernia. Testicular atrophy of the ipsilateral side was seen
in two boys (10%). One inguinal testicle in the contra-
lateral side after surgery for hydrocele was seen in one
boy. Discrete bilateral hydroceles were observed in four
boys (22%) in the follow-up period (Table 5).

Discussion

As a result of their physical immaturity and numerous
concomitant diseases, pre-term infants have a high rate
of co-morbidity, often associated with cardiopulmonary
and respiratory complications [6, 15]. In concordance
with the authors who reported this, a high rate of co-
morbidity was observed in our pre-term infants as a
result of both pre- and perinatal complications and
concomitant cardiopulmonary and cerebral diseases.
Some authors suggest that inguinal herniotomy be per-
formed as late as possible in pre-term infants [6, 15]
because of the frequently reported severe intra- and
perioperative complications, such as cardiac arrest,
sepsis and respiratory insufficiency, occasionally with a
fatal outcome [1, 14, 16, 19, 25]. However, the contrary

Table 5 List of complications

n Y%
Irreducible, incarcerated hernias 6 26
Recurrent hernias 3 9
Ipsilateral testicular atrophy 2% 10
Bilateral hydroceles 4 22

“One emergency operation due to incarceration, one bilateral
cryptorchismus

is postulated by some authors who observed a low
complication rate [18] and even an improvement in re-
spiratory function in pre-term infants who had been
operated on early [4]. The approach to perform surgery
as early as possible is supported by the fact that the
frequency of incarceration of the contents of the hernia
sac is highest during the first few weeks of the life of pre-
term infants (between 7% and 31%) [10, 16, 19, 25, 29]
and is associated with a markedly high rate of compli-
cations and morbidity (up to 5%)[1, 5, 8, 16, 19, 20, 21,
22,25, 28,29, 31]. Six (26%) of our pre-term infants had
an irreducible incarcerated hernia. However, no infant
required bowel resection and no postoperative compli-
cations were encountered.

In a large surveillance study concerning the commonly
used procedures for elective herniotomy in pre-term
infants and infants born at term, the authors recommend a
minimum weight of 2200 g and a post-conception age of
40-60 weeks at the time of surgery [32]. In cases of
inguinal hernia appearing during the course of hospi-
talization, the majority of pediatric surgeons reported
having operated on their patients before the latter were
discharged from the neonatal intensive care unit, provided
the infant’s weight was more than 1000 g and age
more than 29 weeks post-conception [32]. In the event
of incarceration, in most cases a primary reduction
was attempted first. If this was successful, the planned
operation was performed within 48 h. The most
frequently used surgical technique was high suture liga-
tion of the hernia sac. In pre-term infants with asymp-
tomatic inguinal hernia, we also performed the operation
before the patients were transferred from the neonatal
intensive care unit to the regular ward. Their median age
on the day of surgery was 65 days (range 20—121 days)
post-partum and their weight 2651 g (range 1820-
4820 g). In cases of incarcerated hernia, we also first
attempted reduction. If this was successful, the planned
operation was performed after 48 h. Patients with
irreducible incarcerations were subjected to emergency
surgery. Pre-term infants undergoing emergency surgery
had a median weight 3020 g (range 2190-4820 g) on the
day of surgery and were 68 days (range 20-96 days) old
post-partum. The surgical technique we used was high
suture ligation and closure of the groin according to Grob
in boys, and according to Bassini in girls.

In a large study, 70% of the interviewed pediatric
surgeons reported having operated on their patients
using general anesthesia, whereas 11% had used caudal
anesthesia [32]. According to Conroy et al., caudal an-
esthesia permits more early surgery, as it allows early
extubation or circumvents such extubation and, in ad-
dition, significantly reduces the need for postoperative
painkillers in these high-risk patients [2]. We have been
using caudal anesthesia as well as our pediatric anes-
thetics increasingly often, with a high rate of success and
with no perioperative complications.

Due to high incidence of contralateral hernia, some
authors recommend routine exploration of the contra-
lateral side in cases of evident unilateral groin hernia,



with a view to avoiding additional and often rather early
repeat surgery [16, 25]. Other authors make this decision
dependent on further clinical symptoms, the patient’s
age and/or gender [14, 26, 27]. Yet other authors advise,
on principle, no routine exploration of the contralateral
side [1, 17, 19, 30]. Their concern is that the prolonged
operation time and the fact that unnecessary surgery
would be performed in cases of no hernia on the
contralateral side may have deleterious effects on the
pre-term infants and increase perioperative complica-
tions [19] as well as the rate of iatrogenic injury to the
spermatic cord, eventually leading to infertility [28, 31].
At the present time, neither clinical nor radiological
investigation procedures provide an adequately reliable
means of excluding a contralateral inguinal hernia
[11, 12, 13, 35]. Intraoperative placement of a pneumo-
peritoneum, the Goldstein test [21], as well as laparo-
scopic exploration of the contralateral side offer novel
diagnostic options [11, 12, 33]. However, these methods
have been rarely used [32] and their application in pre-
term infants has not been attempted so far. In our
patients, a contralateral inguinal hernia was excluded by
clinical examination alone.

Pediatric patients usually have direct inguinal herni-
as; these are extremely rare [9, 34, 36]. We also observed
only indirect hernias and no direct hernias. Based on the
frequency of indirect hernias with an intact posterior
wall of the inguinal canal, high ligation of the hernia sac
is recommended as the surgical method of choice, both
in the literature as well as in surgical practice. Only in
cases of an extremely wide inner inguinal ring is addi-
tional constriction advised. Reconstruction of the pos-
terior wall of the inguinal canal is usually not performed
[8]. In all our operations, the inguinal canal was opened,
the hernia sac exposed and a high, absorbable ligation of
the hernia sac performed. The groin was closed ac-
cording to Grob’s procedure in boys and according to
Bassini’s procedure in girls. Constriction of the inner
inguinal ring and further exploration of the posterior
wall of the inguinal canal were not performed.

According to the literature, specific postoperative
complications such as hematoma and wound infection
are very rare. However, in cases of incarceration re-
quiring bowel resection, complications are reported to
be as high as 5% [1, 5, 16, 19, 20, 22, 25, 29, 31]. In
concordance with other authors, we observed no bowel
damage, hematoma or wound infection [16]. The rate of
testicular asymmetry after inguinal herniotomy without
previous incarceration is approximately 10% [16]. In
another study, shrunken testicles were seen in 5.8% of
cases and the rate of testicular atrophy was 1% [30]. In a
study in patients with proven incarceration, a testicular
atrophy rate of 5% was reported [26]. Misra et al. in-
vestigated 59 incarcerated hernias in pre-term infants
and observed 2 testicular atrophies, with 1 testicle re-
quiring emergency excision [19]. During the follow-up
period, we found 2 ipsilateral testicular atrophies after
one initially reducible and one irreducible inguinal
hernia, respectively. Furthermore, we observed one
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iatrogenic elevated testis in the contralateral side after a
hydrocele operation. According to published literature,
the rates of iatrogenically induced elevated testes after
inguinal herniotomy in children have been reported as
0.3% [31], 2.3% [23] and 3% [30].

The recurrence rate after inguinal herniotomy in pre-
term infants is generally considered to be higher than
that for older infants, although comparative studies fo-
cusing on this subject have not yet been published. Misra
and co-workers examined children less than 6 months of
age, of which 36% were pre-term infants, and reported a
recurrence rate of 1.9% [19]. Rajput et al. reported a
recurrence rate of 2.6% in very-low-birthweight infants
operated on 28 weeks postnatally [24]. In our patients,
all of whom were pre-term infants, a recurrence rate of
9% was registered. With respect to girls, Grosfeld et al.
reported one patient with several recurrences, but de-
scribed her as an exceptional case [9]. Other authors
have reported no recurrent inguinal hernia in girls [35].
This is in agreement with our results. Connective tissue
diseases and an increase in intra-abdominal pressure as a
result of concomitant diseases are regarded as potential
co-factors for the appearance of recurrent inguinal her-
nia. Errors in surgical technique — such as incorrect
positioning of the ligature at the base of the hernia sac;
an unconstricted, widely open inner inguinal ring; an
undetected concomitant direct hernia or iatrogenic in-
jury to the posterior wall of the inguinal canal — may
also lead to recurrent hernia. Postoperative complica-
tions such as hematoma or wound infection additionally
favor recurrent hernia [9, 31, 35]. In view of the fact that
we used the same surgical technique in children of all age
groups, the size of anatomical structures and the
numerous concomitant diseases in pre-term infants
appeared to have had a substantial influence on the high
recurrence rate in our pre-term infants compared with
other age groups. Wound infection or hematoma were
not encountered in the present study. Grosfeld and
co-workers reported in their studies that 4.2% of
recurrences occurred during the patient’s hospitaliza-
tion, 50% within 6 months and 76% within 2 years
postoperatively [9]. Our pre-term infants developed a
left-sided recurrence after about 8 weeks; in the second
case, a bilateral recurrent hernia appeared after about
14 weeks.

Conclusion

The present retrospective study confirmed the high co-
morbidity in pre-term infants as a result of peripartal
complications, physical immaturity and several con-
comitant diseases. Such co-morbidities appear to have a
significant influence on the appearance of inguinal her-
nia and on herniotomy. Early surgery to avoid incar-
ceration and/or strangulation of the contents of the
hernia sac with its consequences seem to be meaningful
because of the high rate of testicular atrophy and also
seem to be feasible in view of the low rate of surgical
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complications encountered in the present study. The
anesthetic procedure of choice is, in our experience,
caudal anesthesia. The frequent concomitant diseases in
pre-term infants, which are associated with an increase
in intra-abdominal pressure, and the small size of ana-
tomical structures are, in our opinion, responsible for
the high recurrence rate in our pre-term infants, since the
same surgical procedure was associated with a markedly
lower recurrence rate in older infants.

References

10.

1.

12.

13.

14.

15.

16.

. Boocock GR, Todd PJ (1985) Inguinal hernias are common in

preterm infants. Arch Dis Child 60:669-670

. Conroy JM, Othersen HB, Dorman BH (1993) A comparison

of wound instillation and caudal block for analgesia following
pediatric inguinal herniorrhaphy. J Pediatr Surg 28:565-567

. Darlow BA, Dawson KP, Mogridge N (1987) Inguinal hernia

and low birthweight. N Z Med J 100:492-494

. Emberton M, Patel L, Zideman DA, Karim F (1996) Early

repair of inguinal hernia in preterm infants with oxygen-de-
pendent bronchopulmonary dysplasia. Acta Paediatr 85:96-99

. Fung A, Barsoum G, Bentley TM, Wild K (1992) Inguinal

herniotomy in young infants. Br J Surg 79:1071-1072

. Gollin G, Bell C, Dubose R (1993) Predictors of postoperative

respiratory complications in premature infants after inguinal
herniorraphy. J Paediatr Surg 28:244-247

. Grosfeld JL (1988) Hernias in children. In: Rob & Smith’s

operative surgery, paediatric surgery, 4th edn. Butterworth and
Co, Ltd.

. Grosfeld JL (1989) Current concepts in inguinal hernia in in-

fants and children. World J Surg 13:506-515

. Grosfeld JL, Minnick K, Shedd F, West KW (1991) Inguinal

hernia in children: factors affecting recurrence in 62 cases.
J Paediatr Surg 26:283-287

Harper R, Garcia A (1975) Inguinal hernia: a common prob-
lem of premature infants weighing 1000 grams or less at birth.
Paediatrics 56:112-115

Holcomb IIT GW, Brock III JW, Morgan III WM (1994) La-
paroscopic evaluation for contralateral patent processus vagi-
nalis. J Paediatr Surg 29:970-974

Holcomb III GW, Morgan III WM, Brock 111 JW (1996) La-
paroscopic evaluation for contralateral patent processus vagi-
nalis: part II. J Paediatr Surg 31:1170-1173

Jewett TC, Kuhn JP, Allen JE (1996) Hernigraphy in children.
J Paediatr Surg 11:451-454

Joppich I, Lochbiihler H (1991) Besonderheiten der Leisten-
hernie im Kindesalter. Der Chirurg 62:663-667

Joppich I, Schuster T (1997/1998) Operationsindikation der
Leistenhernie bei Frithgeborenen und ehemaligen Friihge-
borenen. Chir Praxis 53:667-669

Krieger NR, Shochat SJ, McGowan V (1994) Early hernia
repair in the premature infant: long term follow up. J Paediatr
Surg 29:978-982

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

McGregor DB, Halverson K, McVay CB (1980) The unilateral
pediatric inguinal hernia: should the contralateral side be ex-
plored? J Paediatr Surg 15:313-317

Melone JH, Schwartz MZ, Kenneth RT (1992) Outpatient in-
guinal herniorraphy in premature infants: is it safe? J Paediatr
Surg 27:203-208

Misra D, Hewitt G, Potts SR (1994) Inguinal herniotomy in
young infants, with emphasis on premature neonates. J Pae-
diatr Surg 29:1496-1498

Nagar H (1993) Stitch granulomas following inguinal herni-
otomy: a 10 year review. J Paediatr Surg 28:1505-1507
Powell RW (1985) Intraoperative diagnostic pneumoperitone-
um in pediatric patients with unilateral inguinal hernias: the
Goldstein test. J Paediatr Surg 20:418-421

Powell TG, Hallows JA, Cooke RW (1986) Why do so many
small infants develop an inguinal hernia? Arch Dis Child
61:991-995

Puri P, Guiney EJ, O’Donnell B (1984) Inguinal hernia in in-
fants: the fate of the testis following incarceration. J Paediatr
Surg 19:44-46

Rajput A, Gauderer MW, Hack M (1992) Inguinal hernias
in very low birth weight infants: Incidence and timing of repair.
J Paediatr Surg 27:1322-1324

Rescorla FJ, Grosfeld JL (1984) Inguinal hernia repair in
the perinatal period and early infancy: clinical considerations.
J Paediatr Surg 19:832-837

Shun A, Puri P (1988) Inguinal hernia in the newborn. A
15 year review. Pediatr Surg Int 3:156-157

Steinau G, Schleef J, Lambertz M, Schumpelick V (1997) In-
cidence of contralateral inguinal hernia in infancy and child-
hood. Langenbecks Arch Chir 382:252-256

Stephens BJ, Rice WT, Koucky CJ (1992) Optimal timing of
elective indirect inguinal hernia repair in healthy children:
clinical considerations for improved outcome. World J Surg
16:952-957

Stylianos S, Jacir NN, Harris BH (1993) Incarceration of in-
guinal hernia in infants prior to elective repair. J Paediatr Surg
28:582-583

Surana R, Puri P (1993) Is contralateral exploration necessary
in infants with unilateral inguinal hernia? J Paediatr Surg
28:1026-1027

Tiryaki T, Baskin D, Bulut M (1998) Operative complications
of hernia repair in childhood. Paediatr Surg Int 13:160-161
Wiener ES, Touloukian RJ, Rodgers BM (1996) Hernia survey
of contralateral patent processes the section on surgery of the
American Academy of Pediatrics. J Paediatr Surg 31:1166—
1169

Wolf SA, Hopkins JW (1994) Laparoscopic incidence of con-
tralateral patent processus vaginalis in boys with clinical uni-
lateral inguinal hernias. J Paediatr Surg 29:1118-1121

Wright JE (1994) Direct inguinal hernia in infancy and child-
hood. Pediatr Surg Int 9:161-163

Wright JE (1994) Recurrent inguinal hernia in infancy and
childhood. Pediatr Surg Int 9:164-166

Wright JE, Gill AW (1991) Direct inguinal hernias in the
newborn. Aust N Z J 61:78-81

Yeo CL, Gray PH (1994) Inguinal hernia in extremely preterm
infants. J Paediatr Child Health 30:412-413



