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ABSTRACT

Aims: The optimal management for boys under 3-months of age with an indirect inguinal hernia (IIH) and ipsilateral palpable undescended testis (IPUDT) is unknown. We aimed to: 1) determine the current practice for managing these boys across the UK, and 2) compare outcomes of different treatment strategies.

Methodology: We undertook two studies. Firstly, we completed a National Survey of all surgeons on the British Association of Paediatric Surgeons email list in 2014. Subsequently, we undertook a multi-centre, retrospective, 10-year (2005-2015) review across 4 paediatric surgery centres of boys under 3 months of age with concomitant IIH and IPUDT. Primary outcome was testicular atrophy. Secondary outcomes included need for subsequent orchidopexy, testicular ascent and hernia recurrence. Data are median (range). Chi squared test and multivariate binomial logistic regression analysis were used for analysis; p<0.05 was considered significant.

Results: 

Survey: Consultant practice varies widely across the UK, with a tendency towards performing concurrent orchidopexy at the time of herniotomy under 3-months of age. Concurrent orchidopexy is favoured less in cases where the hernia is symptomatic.
Case Series Review: Forty-one boys with 43 concomitant IIH and IPUDT were identified, and all included. 32 (74%) hernias were reducible, 11 (26%) were symptomatic requiring urgent or emergency repair. Post-conceptual age at surgery was 45 weeks (36-65). Primary operations included: 29 (67%) open hernia repair and standard orchidopexy, 8 (19%) open hernia repair with future orchidopexy if required, 4 (9%) laparoscopic hernia repair with future orchidopexy if required, 2 (5%) open hernia repair and suturing of the testis to the inverted scrotum without scrotal incision. 

Variation in atrophy rate between different surgical approaches did not reach statistical significance (p = 0.42). Overall atrophy rate was 18%. If hernia repair alone was undertaken (8 open and 4 laparoscopic), the testis did not descend in 8 patients, requiring subsequent orchidopexy (67%); if orchidopexy was undertaken at the time of hernia repair, 1 in 29 required a repeat orchidopexy (3%) (p=0.0001). No hernia recurred.

Conclusion: This study suggests that orchidopexy at the time of inguinal herniotomy does not increase the risk of testicular atrophy in boys under 3 months of age.

1. INTRODUCTION

Large patient population studies in children have demonstrated that indirect inguinal hernias tend to present early in life, particularly in premature infants, who are also at greater risk of having undescended testes [1]. Current literature suggests approximately 1-3% of boys with an inguinal hernia also have a concomitant undescended testis [1,2].  

The majority of reducible inguinal hernias in infants under 3-months of age are managed operatively on a semi-urgent basis within 1-2 weeks of diagnosis or before discharge if an inpatient. Some are managed on an emergency basis sooner if complications arise.  Infants with a palpable undescended testis are typically offered an orchidopexy between 6-12 months of age in keeping with recent commissioning guidelines from the Royal College of Surgeons of England in collaboration with the British Association of Paediatric Surgeons (BAPS) and the British Association of Paediatric Urologists (BAPU)[3]. The most recent BAPU consensus recommends undertaking orchidopexy from 3 months and operating upon all infants with an undescended testis before the age of 12 months [4]. However, orchidopexy is not recommended under 3 months due to presumed increased risks of testicular atrophy in smaller infants and the chance of spontaneous descent [5], which continues after birth but rarely after the age of 6 months [6,7]. 

The evidence base for these recommendations is limited and there is no guidance, to our knowledge, regarding the optimum management of boys less than 3 months of age with a concomitant indirect inguinal hernia (IIH) and ipsilateral palpable undescended testis (IPUDT).

We aimed to establish the current practice in the UK by way of a national survey. Following on from this, a multi-centre, retrospective analysis aimed to compare the outcomes of different treatment strategies.

2. MATERIALS AND METHODS
2.1 National Survey
We undertook a national online survey of all contactable consultant paediatric surgeons and paediatric urologists on the BAPS email list in 2014 (n = 100) (Appendix 1: Survey Questions). From this we have been able to define the current practices of paediatric surgeons for this patient population in the UK. 

2.2 Case Series Review
A 10-year retrospective review of case notes across 4 centres was performed. Cases were identified through coding and departmental databases. We included all boys with concomitant IIH and IPUDT who were under 52 weeks post conceptual age at the time of diagnosis. This included boys with either bilateral inguinal herniae or bilateral undescended testes. We excluded any patient with an impalpable testis or where the unilateral hernia was contralateral to the UDT.

The primary outcome was testicular atrophy – defined as a documented decrease in the size of the operated testis. If the testicular size was not documented at the time of surgery, but later documented to be smaller than the contralateral side, then it was assumed to have atrophied. If post-operative follow-up information regarding testicular size was unavailable, the case was excluded from the analysis to avoid an underestimation of the atrophy rate, which could happen if included in the whole denominator. Secondary outcomes included need for subsequent orchidopexy, testicular ascent and hernia recurrence. Need for subsequent orchidopexy was determined from the patient’s notes, operation waiting lists and theatre logbooks; this information was available for all patients. Testicular ascent was defined as a testis that had been in the scrotum at the end of primary surgery and later was outside the scrotum requiring subsequent orchidopexy. 
Data was collected on patient demographics, presentation of the hernia (reducible, difficult to reduce and operated urgently within 48-hours, or irreducible and operated as an emergency) and operation performed. Primary operation was categorised into: open inguinal herniotomy with standard orchidopexy using a dartos pouch as described by Brown[8], open inguinal herniotomy and modified orchidopexy with a suture to the inverted scrotum and no dartos pouch, open inguinal herniotomy and no orchidopexy, laparoscopic inguinal herniotomy and no orchidopexy. Detail regarding whether dissection was undertaken to lengthen the cord, as described in the survey, was not used in the case series review due to the inherent unreliability of such data retrospectively. Duration of follow-up was defined as time from primary surgery to last clinic appointment in months.

Chi-squared test and multivariate binomial logistic regression analysis were used for statistical analysis; p<0.05 was considered significant.

3. RESULTS

3.1 National Survey

Seventy-eight consultants responded (78%): 66 paediatric surgeons, 12 paediatric urologists. In the absence of an UDT, 81% respondents (n=63) routinely perform open herniotomy in boys <3months, whereas 19% (n=15) perform laparoscopic hernia repair. In the absence of clinical evidence of an inguinal hernia, 4% (n=3) undertake orchidopexy for a palpable UDT at 3-6months, 64% (n=50) at 6-12months and 32% (n=25) >12 months of age.
In boys <3 months with both reducible IIH and IPUDT, 54% (n=42) would proceed to herniotomy and orchidopexy at this age, 24% (n=19) would undertake herniotomy at this age and delay orchidopexy until over 3-months of age if necessary and 8% (n=6) would delay both until over 3-months (Fig.1). Fourteen percent (n=11) would vary management depending on clinical and operative findings. Among those who would proceed with IIH repair under 3-months (n=71), choice of operative procedure varied widely [Fig.2]. The most common was open herniotomy and standard orchidopexy using a dartos pouch; favoured by almost half of those choosing to operate at this stage (44%, N=31). A further 14% (N=10) would undertake a modified orchidopexy with a suture to the inverted scrotum, but no dartos pouch.

If the hernia was difficult to reduce, fewer surgeons would undertake concurrent standard orchidopexy (35%) and fewer still in the presence of an obstructed, irreducible hernia (22%). The proportion undertaking laparoscopic hernia repair and future orchidopexy was similar in all 3 scenarios, 15-18%.

3.2 Case Series Review

Forty-one patients were included in the study; this included 43 IIH with IPUDT. The patient demographics and presentation of the hernia are documented in Table 1. Median gestational age was 37-weeks (24-42) and birth weight 2.5kg (0.56-4.95). 20 (49%) herniae were right sided, 15 left (37%) and 6 (15%) bilateral; 4 bilateral IIH had unilateral undescended testes and 2 had bilateral. Thirty-two (74%) hernias were reducible and managed electively, 8 (19%) were incarcerated, reduced with difficulty and operated within 48-hours, 3 (7%) were irreducible requiring emergency surgery. 

Post-conceptual age at time of diagnosis of IIH with IPUDT was 43 weeks (33-52). Post-conceptual age at surgery was 45 weeks (36-65). In 37/43 (86%) of the cases, the infant was < 3-months of age at the time of surgery; all were under 6-months of age at the time of surgery. The most commonly performed operation was open hernia repair and standard orchidopexy with a dartos pouch (67%, n=29), followed by open hernia repair with delayed orchidopexy if required (19%, n=8), laparoscopic hernia repair with delayed orchidopexy if required (9%, n=4) and open hernia repair with suturing of the testis to the inverted scrotum (5%, n=2). 
The atrophy rate (including all operative types) for patients with a reducible hernia was 14% (4/28), 25% (2/8) for hernias that were difficult to reduce and operated urgently within 48-hours and 33% (1/3) for hernias operated as an emergency (p=0.60). The overall atrophy rate was 18% (7/39). Four elective cases were excluded from the analysis due to inadequate follow-up documentation.
The atrophy rate for open hernia repair with standard orchidopexy was 12% (3/26), open hernia repair with delayed orchidopexy if required 29% (2/7), laparoscopic hernia repair with delayed orchidopexy if required 25% (1/4) and for open hernia repair with suturing of the testis to the inverted scrotum 50% (1/2) [Table 2]. This variation in atrophy rate between different surgical approaches did not reach statistical significance (p = 0.42).  Standard orchidopexy using a dartos pouch was undertaken in 72% (23/32) of patients operated electively for their hernia, in 63% (5/8) of those operated urgently within 48hrs and in 33% (1/3) of those operated as an emergency (p=0.37).

There was no statistically significant relationship between mode of presentation of the hernia (reducible versus difficult to reduce or irreducible) and testicular atrophy on either univariate analysis or multivariate analysis that also took into account the procedure performed and post-conceptual age at the time of surgery. On univariate analysis, there was no significant relationship between age at surgery and atrophy rate. On separate analysis of just those under 3-months of age at the time of surgery, the atrophy rate was 21% (7/34); this was not significantly different to the infants operated after 3-months of age (p=0.26). The atrophy rate between different surgical approaches did not reach statistical significance in those operated under 3-months of age (p=0.43).
If hernia repair alone was undertaken (8 open and 4 laparoscopic), the testis did not descend in 8, requiring subsequent orchidopexy (67%); if orchidopexy was undertaken at the time of the hernia repair, 1 in 29 required a repeat orchidopexy (3%) (p=0.0001). No hernia recurred. Median follow-up was 10-months (3-51).

4. DISCUSSION

Inguinal hernias are common occurring in 1-5% of term males and in up to 12% of preterm neonates at 32-weeks gestation[9]. The incidence of incarceration is variable at 12 – 17% [10]. There is evidence that younger infants, especially the premature, are more likely to present with a symptomatic hernia [11]. 39% of the premature infants in Ein’s study of 6361 inguinal hernias were incarcerated at presentation [1]. Hence, an inguinal hernia in an infant in the first 3-months of life necessitates surgical intervention, at least in an expedited elective fashion. 
The incidence of undescended testes is 3% in term boys and as high as 33% in premature boys[11], with the ability to descend spontaneously up to 6-months of age [7]. The incidence of concomitant IIH with IPUDT has been quoted as 1-3%, but may be higher in the preterm population [1]. Testicular atrophy rates for boys undergoing orchidopexy over 6-months of age are reported at 2-5% [2,12,13]. The atrophy rate for orchidopexy in boys less than 3-months of age has not been previously documented. The overall atrophy rate in our study was 18%, with a median age at surgery of 45 weeks post-conceptual age. The atrophy rate was 12% in those undergoing standard orchidopexy at the time of inguinal hernia repair. Incarcerated hernias, which are more common in this population, have been associated with testicular atrophy rates up to 30% [1,14,15]. Consistent with this, in our study, the atrophy rate for hernias that were difficult to reduce and operated urgently was 25% and for those operated as an emergency, 33%.  This information may be useful when counseling the parents of such boys.

67% (8/12) of infants who did not have an orchidopexy at the time of primary surgery required subsequent orchidopexy compared to 3% (1/29) of those who underwent orchidopexy at the time of primary surgery (p<0.0001). If orchidopexy is not undertaken at the time of primary surgery and the testis does not descend, a second general anaesthetic for subsequent orchidopexy is required. There is a growing body of evidence to suggest a detrimental impact of general anaesthesia on the developing brain [16–18]. A significant number of animal-based experiments have shown an objective loss in performance in learning and memory tasks [19], which has been identified to be more profound in models of multiple exposures [20]. This is proposed to carry across to human brain development. By extension, even in the absence of definitive evidence in humans, it may be prudent to avoid multiple exposures to general anaesthetic agents where possible. In addition, the presence of scar tissue from the previous procedure could make surgery more technically challenging in this group.

However, in 33% (4/12) of the infants who did not have an orchidopexy at the time of primary surgery, their testis descended spontaneously and hence an unnecessary orchidopexy was avoided. Operative time was not investigated in this study, however it could be argued that avoiding an orchidopexy at the primary operation could reduce the overall operative time and hence affect of the anaesthetic on the infants developing brain at this young age.
This study has some limitations; these include a relatively small cohort size, particularly of patients with a symptomatic hernia requiring urgent (n=8) or emergency herniotomy (n=3). Furthermore, the retrospective data collection means that definitions of ascent and atrophy were taken from medical record entries rather than being defined qualitatively and prospectively. A small number of cases had inadequate follow-up documentation to determine atrophy; these were excluded from the atrophy rate calculation to reduce the chance of underestimating the atrophy rate. The follow-up period was limited to a median of 10-months, which reflects common practice patterns.  However, given the paucity of data to inform practice in this area, the information provided in this study may prove useful to the consenting surgeon dealing with such cases. We propose a large, prospective multi-centre study in order to further establish an evidence base for recommendation of best practice.

5. CONCLUSION
Within the limitations of our study, we have shown that performing a standard orchidopexy at the time of inguinal herniotomy in boys under 3-months of age did not increase the risk of testicular atrophy. Furthermore, this strategy resulted in a significantly lower need for subsequent orchidopexy and hence second general anaesthetic during infancy.  This practice is in line with the clinical decisions being taken by the majority of surgeons within our UK national survey. 
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Figure 1. UK surgeons’ preference regarding the timing of surgery in boys presenting with an IIH and IPUDT under 3-months of age (n = 78)
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Figure 2. UK Surgeons’ preference regarding operative technique in boys undergoing surgery for a reducible IIH and IPUDT under 3-months of age (n=71, [7 would not operate at this age])
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Table 1. Demographic data and presentation of hernia

	
	Overall (n=43)
	Open hernia repair and orchidopexy (n=29)
	Open repair and subsequent orchidopexy if needed (n=8)
	Laparoscopic hernia repair and subsequent orchidopexy if needed (n=4)
	Open hernia repair and suturing of the testis to the inverted scrotum (n=2)

	Demographic Data [median + range]

	Gestational age at birth (weeks)
	37 (24-42)
	38 (24-42)
	35 (33-41)
	35 (26-37)
	35.5 (31-40)

	Birth weight (kg)
	2.5 (0.6-4.95)
	2.2 (0.56-4.95)
	2.69 (1-3.2)
	2.58
	2.5

	Post-conceptual age at diagnosis of IH with IPUDT (weeks)
	43 (33-52)
	44 (33-52)
	41 (38–44)
	45 (38-47)
	40(39-41)

	Post-conceptual age at surgery (weeks)
	45 (36-65)
	45 (36-65)
	46 (41-65)
	52 (44-53)
	43.5 (42-45)

	Presentation of hernia [n, (%)]

	Reducible 
	32 (74%) 
	23 (79%) 
	4 (50%) 
	4 (100%) 
	1 (50%)

	Incarcerated, reduced with difficulty, operated within 48 hours
	8 (19%)
	5 (17%)
	2 (25%)
	0
	1 (50%)

	Irreducible/ obstructed/ strangulated requiring emergency surgery
	3 (7%)
	1 (3%)
	2 (25%)
	0
	0

	Laterality [47 hernias; 43 associated with IPUDT and hence included in the study]

	Right
	20 (49%)
	13
	2
	3
	2

	Left
	15 (37%)
	10
	4
	1
	0

	Bilateral
	6 (15%)
4 with a unilateral UDT and 2 with bilateral undescended testes
	5 (1 with bilateral undescended testes)
	1 (1 with bilateral undescended testes)
	0
	0


Table 2. The outcome of different operative strategies for boys under 3-months of age with concomitant IIH and IPUDT

	
	Open hernia repair and orchidopexy (n=29)
	Open repair and subsequent orchidopexy if needed (n=8)
	Laparoscopic hernia repair and subsequent orchidopexy if needed (n=4)
	Open hernia repair and suturing of the testis to the inverted scrotum (n=2)

	Atrophy

	Partial
	2 reducible hernias

1 hernia that was difficult to reduce *
	1 reducible hernia

1 irreducible hernia
	 1 reducible hernia

	0

	Complete
	0
	0
	0
	1 hernia that was difficult to reduce * 

	Not recorded
	3
	1
	0
	0

	Total
	3/26 (12%)
	2/7 (29%)
	1/4 (25%)
	1/2 (50%)

	Subsequent orchidopexy
	1/29 (3%)
	5/8 (63%)
	3/4 (75%)
	0


* operated within 48-hours

APPENDIX 1: Survey Questions

1) Surgeon specialty: 

- Paediatric surgeon

- Paediatric urologist

- Other. Please detail:

2) What is your usual/preferred operative approach to unilateral indirect inguinal hernias in infants <3months?

- open repair 

- laparoscopic repair

- other. Please detail:

3) At what age do you normally undertake an elective orchidopexy in infants with a palpable unilateral undescended testis?

- 0-3months

- 3-6months

- 6-12months

- >12months

4) Scenario A
You are referred an infant <3months with concomitant reducible indirect inguinal hernia and ipsilateral palpable undescended testis: 

a) how would you manage this patient? 

- proceed to herniotomy and orchidopexy <3months of age. Go to question 4b.

- herniotomy at present and orchidopexy >3months of age. Go to question 4b.

- herniotomy and orchidopexy >3months of age. Go to question 5.

b) If you would proceed to surgery <3months of age what would be your operative approach?

- open repair of inguinal hernia, leave testis in current position.

- open hernia repair and suturing of the testis at the position it is identified in the groin with a planned future orchidopexy.
- open hernia repair, place testis in lowest position possible, but no suturing to scrotum.


i. with dissection to optimise length of cord. 

ii. without dissection to optimise length of cord.

- open hernia repair, place testis in lowest position possible and in addition suturing the testis to the inverted scrotum (no scrotal incision). 

i. with dissection to optimise length of cord. 

ii. without dissection to optimise length of cord.

- open hernia repair and standard orchidopexy.
- open hernia repair and other method of managing undescended testis. Please detail:

- laparoscopic repair of inguinal hernia, leave testis in current position and undertake a future elective orchidopexy as required.

- other operative approach. Please detail:

5) Scenario B

You are referred an infant <3months of age with incarcerated indirect inguinal hernia and ipsilateral palpable undescended testis. You are able to reduce the inguinal hernia with difficulty.

What is your operative approach?

- open repair of inguinal hernia, leave testis in current position.

- open hernia repair and suturing of the testis at the position it is identified in the groin with a planned future orchidopexy.

- open hernia repair, place testis in lowest position possible, but no suturing to scrotum.


i. with dissection to optimise length of cord. 

ii. without dissection to optimise length of cord.

- open hernia repair, place testis in lowest position possible and in addition suturing the testis to the inverted scrotum (no scrotal incision). 

i. with dissection to optimise length of cord. 

ii. without dissection to optimise length of cord.

- open hernia repair and standard orchidopexy.

- open hernia repair and other method of managing undescended testis. Please detail:

- laparoscopic repair of inguinal hernia, leave testis in current position and undertake a future elective orchidopexy as required.

- other operative approach. Please detail:

6) Scenario C 

You are referred an infant <3months of age with bilious vomiting and incarcerated indirect inguinal hernia and ipsilateral palpable undescended testis. You are unable to reduce the hernia and hence proceed to emergency repair.

What would be your operative approach?

- open repair of inguinal hernia, leave testis in current position.

- open hernia repair and suturing of the testis at the position it is identified in the groin with a planned future orchidopexy.

- open hernia repair, place testis in lowest position possible, but no suturing to scrotum.


i. with dissection to optimise length of cord. 

ii. without dissection to optimise length of cord.

- open hernia repair, place testis in lowest position possible and in addition suturing the testis to the inverted scrotum (no scrotal incision). 

i. with dissection to optimise length of cord. 

ii. without dissection to optimise length of cord.

- open hernia repair and standard orchidopexy.

- open hernia repair and other method of managing undescended testis. Please detail:

- laparoscopic repair of inguinal hernia, leave testis in current position and undertake a future elective orchidopexy as required.

- other operative approach. Please detail:
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