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Abstract

Purpose The effect of laparoscopic TEP repair on tes-

ticular perfusion is unclear. The procedure entails dissec-

tion of testicular blood vessels off the hernial sac and

incorporation of a prosthetic mesh. This carries at mini-

mum, a theoretical risk of compromise in testicular blood

supply, which in turn may affect fertility. Our study aims to

establish if any alteration in testicular perfusion occurs in

very early (24 h), early (1 week) or late postoperative

period (3 months) after laparoscopic TEP repair in the

Indian population.

Methods In our prospective trial, 20 patients underwent

unilateral and 8 underwent bilateral laparoscopic TEP

hernia repairs using standard technique by experienced

surgeons. Flow parameters of testicular, capsular and

intratesticular artery were noted using color Doppler

ultrasound preoperatively and postoperatively and the

postoperative resistive indexes of operated side (n = 36)

were compared with preoperative values. Additionally, for

unilateral repairs, flow parameters on operated side were

compared with the non-operated side.

Results No statistically significant difference was noticed

in the resistive index of the arteries upon comparing these

postoperative with preoperative values. For unilateral

repairs, the flow parameters of the operated side were

comparable with that of non-operated side (i.e. p[ 0.05).

Conclusion Laparoscopic TEP performed by experienced

surgeons does not alter testicular flow dynamics in early or

late postoperative period.

Keywords Laparoscopic TEP � Total extraperitoneal
repair � Inguinal hernia � Color Doppler ultrasound �
Testicular perfusion � Polypropylene mesh

Introduction

Laparoscopic inguinal hernia repair is increasingly being

adopted worldwide as a standard of care. For inguinal

hernia surgery, testicular complications affecting sexual

function is one of the rare but serious complications

requiring meticulous care. This is because inguinal hernia

repair is carried out anatomically in close relationship with

the testicular blood vessels. According to Fong et al., pri-

mary ischemic orchitis occurs in 0.65 % of patients

undergoing open hernia surgery. The rate of ischemic

orchitis and testicular infarction increases in case of

extensive dissection of the spermatic cord or delivery of the

testis during surgery or in case of large hernias extending

into scrotum or recurrent hernia [1]. Although the mesh

used in open/laparoscopic tension-free inguinal hernior-

rhaphy is described as an inert material, its long-term

effects are debatable. Experimentally all mesh cause an

initial and chronic inflammatory response in the recipient

after implantation. One of the potential effects of the

inflammation induced by the mesh is ischemic orchitis and/

or testicular atrophy in adult male patients [2].
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High resolution Color Doppler Ultrasound (CDUS) is

capable of imaging small vessels in superficial organs and

non-invasively measuring flow in them. It reliably shows

the testicular arterial anatomy by imaging intra-arterial

blood flow and a knowledge of the normal CDUS

appearance and waveform characteristic of the testicular

artery aids in detecting alteration in blood flow [3].

According to few studies undertaken to evaluate the

influence of laparoscopic inguinal hernia surgery on tes-

ticular perfusion, blood flow normalizes after few months

and is comparable to the preoperative values [4–7]. There

is paucity of literature on the effect of laparoscopic hernia

repair on testicular perfusion.

In this study, we attempt to evaluate the effects of

laparoscopic total extraperitoneal (TEP) repair on testicular

blood flow in Indian population in very early (24 h), early

(1 week) or late postoperative period (3 months).

Materials and methods

Between August, 2011 and January, 2014, 28 patients who

presented to the Department of Surgery, Maulana Azad

Medical College and associated Lok Nayak Hospital, New

Delhi and clinically diagnosed to have inguinal hernia were

included in this prospective controlled study after a written

informed consent. Male patients with age 18 years and

above, fit to undergo general anesthesia and available for

follow-up were included in the study while those with

undescended testis, recurrent hernia, complicated hernia

(irreducible/obstructed/strangulated hernia), complete

inguinal hernia, co-existent varicocele, and history of lower

abdomen/groin surgery were excluded.

Detailed history and examination was recorded for each

patient. Routine preoperative workup was done and anes-

thesia clearance was obtained. Preoperative CDUS evalu-

ation of testicular blood flow was done for each patient

using an ultrasound unit (Philips HD11TM, USA) with a

8 MHz linear array probe in the Department of Radio-di-

agnosis. Patients were scanned in supine position after

10 min of rest in a warm room and bilateral testicular,

capsular and intratesticular arterial flow dynamics were

assessed. Point spectral analysis was performed in the

testicular artery (1 cm superior to the upper pole of testis),

capsular artery and the intratesticular artery and the

parameters evaluated for each artery were peak systolic

velocity (PSV), end-diastolic velocity (EDV) and resistive

index (RI).

Patients presenting with unilateral hernia were coun-

seled regarding the risks and benefits of undergoing a

bilateral repair [8]. Unilateral or bilateral repair for these

cases was performed in accordance with decision of the

patient. Bilateral repair was done for cases presenting with

bilateral hernia. Laparoscopic TEP repair was done for

each patient using standard technique by experienced sur-

geons performing laparoscopic TEP routinely (see Video:

dissection of sac off the cord). A contoured (Bard

3DMaxTM Mesh) polypropylene mesh of appropriate size

was used in each case. Routine postoperative care was

provided to these patients. CDUS (as described above) was

done at 24 h [very early (VE)], 1 week [early (E)] and

3 months [late (L)] postoperatively. All the results are

expressed as mean ± standard deviation. Data were ana-

lyzed using the SPSS (SPSS, Chicago, IL, USA) software

program. Comparison of the results between groups was

performed using the paired t test. A p value less than 0.05

was considered significant. The postoperative (VE, E and

L) resistive index (RI) of above mentioned arteries of

operated side was compared to preoperative (p) values

(paired t test) and the two sides of a bilateral repair were

evaluated independently. For unilateral repairs, the resis-

tive index of operated side was compared with non-oper-

ated side, both pre- and postoperatively (VE, E and L).

Results

A total of 36 sides were operated in 28 patients. The

average age of these patients was 42.4 years (range

18–72 years). 24 of these patients were clinically diag-

nosed to have unilateral hernia (16 right sided and 8 left

sided, 21 indirect and 3 direct hernias) and 4 to have

bilateral hernia (2 direct and 2 indirect). Eventually 20

patients underwent a unilateral repair (14 right sided and 6

left sided) and 8 patients underwent bilateral repair. 1

patient was diabetic, 4 were hypertensive and 8 were

smokers/tobacco chewers. None of them had any history of

cardiac disease, pelvic trauma, orchitis or retractile testis.

In cases of clinically diagnosed unilateral hernia (n = 24),

the resistive index (testicular artery) of the hernia side

preoperatively was 0.74 ± 0.13 and that of clinically nor-

mal side was 0.73 ± 0.11. No statistically significant dif-

ference was seen between the resistive indexes of the two

sides (p = 0.43; paired t test).

The average operative time taken for a unilateral and a

bilateral repair was 82.75 and 115.65 min, respectively. Of

the 36 operated sides, large sized mesh was used in 22,

medium sized contoured mesh was used in 13 and extra-

large sized contoured mesh was used in 1 side. Peritoneal

breach occurred in 7 cases and there was no instance of

spermatic cord, vascular or visceral injury.

The average duration of stay in hospital was 1.5 days

(range 1–3 days). Postoperatively, nine patients had

pneumo-scrotum (which resolved within 48 h), three

patients had seroma (which resolved within 4 weeks), one

patient had urinary retention (required catheterization).
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The average RI (mean ± SD) of the operated side both

preoperatively and postoperatively (VE, E and L) are

described in Table 1. The resistive index of all the three

arteries increased in VE and then decreased to the preop-

erative values by E. However, this trend did not achieve

statistical significance using paired t test (Table 2).

In addition, in cases of unilateral repair (n = 20), see

Table 3, the preoperative and postoperative resistive

indexes of the three arteries of the operated side was

compared with their corresponding values on the non-op-

erated side using paired t test. The resistive indexes of

testicular, capsular and intratesticular arteries of the oper-

ated and non-operated side were similar preoperatively and

did not differ significantly at any time postoperatively (VE,

E or L).

Discussion

Laparoscopic total extraperitoneal repair has established

itself as a favored procedure with comparable results to

open surgery and is set to become the future standard of

Table 1 Resistive index [mean ± SD] of testicular artery (TA), Capsular artery (CA) and ITA (ITA) preoperatively and postoperatively [very

early (VE), early (E) and late (L)]

Timing of CDUS measurement Resistive indexes [Mean ± SD]

Testicular artery (TA) Capsular artery (CA) Intratesticular artery (ITA)

Preoperative (P) 0.74 ± 0.11 0.66 ± 0.10 0.62 ± 0.13

Very early postoperative (VE) 0.78 ± 0.08 0.69 ± 0.09 0.64 ± 0.09

Early postoperative (E) 0.75 ± 0.08 0.66 ± 0.10 0.62 ± 0.10

Late postoperative (L) 0.72 ± 0.07 0.64 ± 0.09 0.61 ± 0.09

n = 36; CDUS color Doppler ultrasound, SD standard deviation

Table 2 Alteration in resistive index [Mean difference ± SD (p value)] of the arteries of operated side postoperatively

Time period of CDUS measurements compared Alteration of RI in postoperative period [Mean difference ± SD (p value)]

Testicular artery Capsular artery Intratesticular artery

Preoperative (P) and very early postopertive (VE) -0.04 ± 0.13 (0.116 ns) -0.03 ± 0.12 (0.162 ns) -0.01 ± 0.14 (0.548 ns)

Preoperative (P) and early postoperative (E) -0.01 ± 0.12 (0.634 ns) 0.00 ± 0.13 (0.888 ns) 0.01 ± 0.14 (0.671 ns)

Preoperative (P) and late postoperative (L) 0.03 ± 0.10 (0.117 ns) 0.02 ± 0.11 (0.294 ns) -0.02 ± 0.11 (0.360 ns)

Paired t test; n = 36

ns not significant, P Preoperative resistive index, VE very early postoperative resistive index, E early postoperative resistive index, L late

postoperative resistive index, CDUS color Doppler ultrasound, RI resistive index, SD standard deviation

Table 3 Resistive index [Mean ± SD] of operated and non-operated side pre- and postoperatively in cases of unilateral hernia repair

Timing of CDUS measurement Resistive indexes [Mean ± SD]

Testicular A. Capsular A. Intra-testicular A.

Operated Non-operated Operated Non-operated Operated Non-operated

Preoperative (P) 0.73 ± 0.13 0.74 ± 0.11 0.66 ± 0.12 0.65 ± 0.10 0.64 ± 0.15 0.64 ± 0.13

p = 0.65 ns p = 0.27 ns p = 0.94 ns

Very early postoperative (VE) 0.79 ± 0.09 0.77 ± 0.08 0.70 ± 0.10 0.67 ± 0.09 0.64 ± 0.08 0.65 ± 0.09

p = 0.30 ns p = 0.17 ns p = 0.59 ns

Early postoperative (E) 0.76 ± 0.08 0.74 ± 0.08 0.67 ± 0.11 0.68 ± 0.08 0.62 ± 0.12 0.60 ± 0.11

p = 0.37 ns p = 0.64 ns p = 0.44 ns

Late postoperative (L) 0.72 ± 0.07 0.73 ± 0.08 0.65 ± 0.12 0.66 ± 0.12 0.61 ± 0.11 0.63 ± 0.08

p = 0.63 ns p = 0.51 ns p = 0.42 ns

Paired t test; n = 20

ns not significant, P Preoperative resistive index, VE very early postoperative resistive index, E early postoperative resistive index, L late

postoperative resistive index, CDUS color Doppler ultrasound, SD standard deviation
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care [9, 10]. Effect of the presence of hernia itself on tes-

ticular perfusion is debatable and not studied well in detail.

Beddy et al. and El-Awady et al. found the resistive index

on the side of unilateral hernia to be significantly higher

than that on the normal side [4, 11]. However, Neto et al.

and Ramadan et al. did not find any statistically significant

elevation in resistive indexes which is also the finding in

our study [12, 13]. Our finding reaffirms that the presence

of hernia does not affect testicular blood supply.

We speculate that the early postoperative changes in

testicular perfusion (i.e. at 24 h and 1 week postopera-

tively) may occur due to surgical insult or handling of the

testicular vessels and late changes are reflective of inter-

action of the mesh with the spermatic cord structures due to

fibrosis. Measurement of resistive index of testicular ves-

sels by CDUS is an objective method to evaluate such

changes [14]. The studies evaluating effect of mesh hernia

repair on testicular perfusion are summarized in Table 4.

Ischemic orchitis has been reported in 0.65 % cases of

primary inguinal hernia repairs and 2.25 % in recurrent

repairs. By leaving intact all significant distal hernial sacs

and not dissecting beyond the pubic tubercle the incidence

rates were reduced to 0.03 and 0.97 %, respectively. These

data help us to emphasize the importance of surgical insult

on testicular perfusion [1]. Since laparoscopic total

extraperitoneal repair is relatively a new procedure and

entails dissection of the sac off the spermatic cord, the

question of its effect on testicular perfusion is pertinent.

Aydede et al., in his patients undergoing open mesh

hernioplasty, demonstrated a significant increase in resis-

tive index of testicular vessels in early postoperative per-

iod. In addition, Stula et al. demonstrated a statistically

significant increase in RI of ITA at day 2 postoperatively.

In both cases the resistive index normalized by late post-

operative period [15, 16]. A similar trend (p[ 0.05) is

apparent in our study where increase in resistive index of

Table 4 Summary of clinical studies evaluating resistive index (RI) of testicular blood supply after mesh hernia repair

Study N Design Groups Result

Beddy [4] 37 PCS Lichtenstein vs TEP Significant decrease in RI after repair in both group

to normal at median follow-up of 6.1 months

El-Awady [11] 40 PCS Lichtenstein Significant decrease in RI after repair to normal by

3 months (follow-up 9 months–normal)

Neto [12] 39 PCS Lichtenstein No significant difference at 3 and 6 months follow

up

Ramadan [13] 48 PCS Mesh repair (unspecified) No significant difference at 2 months follow-up

Aydede [15] 60 RCT Open posterior preperitoneal vs

open anterior tension-free mesh

repair

Significant difference between RI of preoperative

and early postoperative period (higher RI) in both

groups which normalizes by late postoperative

period (6 months)

Stula [16] 43 PCS TAPP vs open anterior tension-

free mesh repair

Significant increase in RI of ITA in early

postoperative period (day 2) in TAPP group which

normalizes by late postoperative period (5 months)

Koksal [6] 32 RCT Lichtenstein vs TEP No significant difference in both groups at 3 days or

6 months postoperatively

Celik [7] 40 RCT TEP (slit vs non-slit mesh) No significant difference at day 5

Significant decrease in RI at 6 months in both

groups

Ersin [5] 44 PCS Open anterior tension-free mesh

repair vs TEP

No significant difference in RI of TA in both groups

Significant decrease in RI of CA and ITA at POD 1

in TEP group which normalized by POD 7

Dilek [18] 26 RCT Lichtenstein vs TEP No significant difference in either groups at

3 months follow-up

Brisinda [19] 24 PCS Open anterior tension-free mesh

repair

No significant difference at 1, 3 and 9 months

follow-up

Skawran [20] 59 PCS TEP No significant difference in RI at 3 months or more

Sucullu [22] 64 RCT Lichtenstein vs mesh plug repair Significant increase in RI postoperatively at

3 months in both groups; no effect on

spermiogenesis

Our study 36 PCS TEP No significant difference

RCT randomized controlled trial, PCS prospective controlled trial, TEP total extraperitoneal repair, TAPP transabdominal preperitoneal repair
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testicular vessels occurs at day 1 and approaches preoper-

ative values by day 7. Koksal et al. and Celik et al. in their

studies demonstrated no significant change in RI in early

postoperative period (day 3 and 5, respectively) after

laparoscopic TEP repair [6, 7]. However, Ersin et al., on

the other hand, in patients of TEP, did notice a significant

decrease in RI of capsular and intratesticular artery at day 1

postoperatively, which normalized by postoperative day 7

[5]. These findings suggest that whatever initial changes

occur in testicular perfusion at 24–48 h, they get reversed

by postoperative day 7 and become comparable to the

preoperative values.

The long-term effect of polypropylene mesh used in

tension-free repair of hernia is under evaluation. Upon

animal studies, in a dog model, Uzzo et al. found no dif-

ference in testicular arterial perfusion or testicular volumes

after mesh or non-mesh repair [17]. Several studies have

demonstrated that the resistive index of testicular vessels at

varying intervals from 3 to 9 months do not differ signif-

icantly from preoperative values [6, 12, 13, 16, 18–20]. In

studies of El-Awady et al. and Beddy et al. the raised

preoperative RI of the hernial side normalized by late

postoperative period (at 3 and 6.1 months, respectively) [4,

11].. In our study, the resistive indexes of testicular vessels

in late postoperative period were comparable to the pre-

operative values. These findings suggest that in both

laparoscopic and open mesh hernia repairs, interaction of

mesh with testicular vessels in the cord structures does not

affect testicular perfusion at 3, 6 or 9 months

postoperatively.

On the other hand, Peiper et al. in a rabbit model

observed a typical foreign body reaction, which appeared

1–12 weeks after surgery, typically at the interface

between mesh and surrounding tissue. This inflammation

was not detectable after non-mesh (Shouldice) repair. The

mesh repair, in contrast to Shouldice repair, led to a

decrease in testicular arterial perfusion [21]. Also, Sucullu

et al. demonstrated in 64 patients undergoing open anterior

mesh repair a statistically significant increase in RI at

3 months postoperatively. However, this increase in RI did

not adversely affect spermiogenesis [22].

Although it would have been useful to our understand-

ing of the subject, a thorough review of literature did not

reveal any study evaluating the effect of different meshes

(e.g. PTFE, Biological meshes) or non-mesh techniques

(e.g. Shouldice repair) on testicular perfusion.

Though the sample size of our study (n = 36) is rela-

tively small and does not have the power of statistics, the

findings of our study are in concert with the majority of the

world literature. The preoperative as well as postoperative

resistive index of the testicular vessels (testicular artery,

capsular artery and intratesticular artery) on the operated

side were comparable to the non-operated side. Also, the

preoperative and postoperative resistive index of the tes-

ticular vessels did not differ. Therefore, we can conclude

that in Indian population laparoscopic TEP repair does not

adversely affect testicular perfusion, when performed by

experienced minimal access surgeons performing laparo-

scopic TEP procedures routinely.
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