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Introduction

Hernias of the anterior abdominal wall are one of the most common
diseases that require surgical treatment [39,100]. One of the urgent tasks and
goals of modern surgery is optimization of surgical ways and methods in
patients with hernias of the anterior abdominal wall. The problem of
treatment of inguinal hernias remains relevant today [41].

Hernia has a negative effect on the aesthetic condition, lowers the
quality of life, limits the possibilities of patients. Wide distribution of the
mentioned pathology in working age and male patients determines their high
socio-economic and reproductive importance [6,7].

Inguinal hernias are a widespread disease affecting 5-10% of the
population [20,27]. In the human population, inguinal hernias occur in 27-
43% of men and 3-6% of women and account for 80% of all types of anterior
abdominal wall hernias [85]. Hernioplasty is also one of the most common
operations in surgery; Every year in the world more than 20 million inguinal
hernia surgeries are performed: in the USA more than 700 thousand, in
Europe - up to 1 million, in Russia - more than 200 thousand [126], in Georgia
up to 4000 [8].

Despite the accumulated experience in the treatment and diagnosis
of inguinal hernias, many issues related to risk factors, age and gender
characteristics of treatment, strategy, reduction of disease recurrence, still
remain the subject of lively discussion. This fact is clearly demonstrated in
the international guidelines for the treatment of inguinal hernias by the
HerniaSurge Group (2018), where 166 key questions have been collected,
most of which still remain unanswered [85].

The Lichtenstein method revolutionized the treatment of inguinal
hernias. But this method is accompanied by serious complications, as
evidenced by the publications of recent years. Such complications include the
development of fibrous changes in the scrotum, deejaculation, obstructive
azoospermia, oligospermia. These complications have been proven by
experimental and clinical studies, are due to the close contact of the rope with
the mesh and are conditions that promote infertility in men [49,91,95].
Therefore, the so-called isolation methods, which imply complete isolation
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from the rope net, are becoming more and more relevant in the treatment of
inguinal hernia. This is a way to prevent male infertility [17,21,47].

Based on the study of literature sources, there are enough
experimental scientific studies that describe the deterioration of
spermatogenesis after operations in the groin area.

In recent years, there has been an active discussion in modern
surgery, taking into account the achievements of modern herniology, on the
topic - which method to perform surgery in men of reproductive age, which
will not affect the sexual function of men, spermatogenesis, and will be the
optimal way to prevent infertility. In the treatment of inguinal hernia, the
so-called isolation methods, which imply complete isolation from the rope
net, are becoming more and more relevant. The mentioned operative method
is simultaneously prevention of infertility in men and recurrence of hernia.

The aim of the study is to determine, through our clinical and
experimental research, what changes occur in the seminal duct, testicles and
whether the complete isolation of the net from the scrotum affects
spermatogenesis and male reproductive function.

Research tasks

1. To determine the influence of prosthetic material during
inguinal hernioplasty on men's health and fertility.

2. Determination of inguinal hernia and hernioplasty as a cause of
reproductive dysfunction in men.

3. Evaluation of blood circulation parameters in the testicles and
testicles, determination of the volume of the testicles before and
after surgery

4. Comparison of sperm morphological and quantitative
parameters before and after inguinal hernia surgery in an
experiment

5. Study of subsequent changes in the vas deferens during
simulated inguinal hernia repair in an experiment

6. Morphological changes in the scrotum and testicle, patency of
the ductus deferens and study of the degree of obstruction in the
experiment
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Material and methods

The mentioned research involves both clinical and experimental
part. In the clinical part, the stories of the patients treated in the clinics in
2015-2020 were studied, as well as the patients in the process of our research
who underwent inguinal hernia i. Lichtenstein and T. Gvenetadze's method.
The research was conducted according to the table prepared by us.

We studied the history of 789 male patients with inguinal hernia
who underwent hernioplasty, including 212 of them. by Gvenetadze's
method and 577 by Lichtenstein's method. The object of the study was 140
patients aged 15 to 45. Of these, 70 patients participated in the study. 27 of
these patients were operated on. by Gvenetadze's method, and 43 by
Lichtenstein's method.

The research will be carried out in the Ghudushauri National
Medical Center (Tbilisi), LTD Emergency Surgery and Traumatology Center
(Tbilisi), Pineo Medical Ecosystem LTD (Tbilisi). Research methods -
anamnesis, clinical, ultrasound.

Inclusion criteria: male gender, patients with inguinal hernia who
underwent inguinal hernia surgery by L. Lichtenstein and T. Gvenetadze's
method.

Exclusion criteria: systemic and tumor diseases, testicular trauma in
history, varicocele, testicular tumor, hydrocele.

A prospective, retrospective and experimental study was conducted.

In both groups, an ultrasound Doppler study of the spermatic cord
and testicles was performed before surgery and 30 days after surgery. The
intensity of blood circulation in the testicles (both arterial and venous flow),
the size and volume of the testis were studied.

An experimental study was carried out on rabbits (16 California
rabbits), which were subjected to a modeled hernia repair according to
Lichtenstein and T. Gvenetadze's method. Morphological parameters of
sperm before and after surgery for inguinal hernia were studied in both
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groups, vasography was performed in both groups 6 months after surgery,
patency of ductus deferens and degree of obstruction were studied, and
morphological changes in scrotum and testis were studied 6 months after

surgery.

Discussion of own research results

The aim of the study was to determine through clinical and
experimental research, what changes would be detected in the spermatic
cord, testicles and whether the complete isolation of the of the spermatic cord
with the mesh would have an impact on spermatogenesis and male
reproductive function.

We studied 789 male patients with inguinal hernia who underwent
hernioplasty, including 212 (27%) of them. by Gvenetadze's method and
577(73%) by Lichtenstein's method (Diagram 1).
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Distribution of operations by method

quantity percentage
rate
B Gvenetadze's method 212 27.00%
M Liechtenstein 577 73.00%

M Liechtenstein M Gvenetadze's method

(Diagram 1).

The object of the research was patients aged 15 to 45, whose total
number was 140 (17.8%). Of these, 70 (50%) patients participated directly in
the study. 27 (38.5) of these patients were operated on. by Gvenetadze's
method, and 43(61,4) by Lichtenstein's method. Out of 789 patients, 122
(15%) underwent planned surgery, 667 (85%) underwent emergency
surgery, 509 (64.5%) had right-sided hernias, 257 (32.5%) had left-sided
hernias, 23 (3%) had bilateral hernias.) (Diagram 2).
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15-45 years Distribution of patients according to the method
of operation

quantity percentage
rate
B Gvenetadze's method 66 47.20%
M Liechtenstein 74 52.80%

M Liechtenstein B Gvenetadze's method

(Diagram 2).

The distribution of patients in the age group of 15-45 years according
to the methods of operation is shown in diagram 2.

According to literature data, inguinal hernia occurs more often in

the right axilla [41]. According to our study, 509 (64.5%) of the studied 789
patients had a right-sided hernia and 257 (32.5%) had a left-sided hernia.

Based on literature data, inguinal hernia is one of the most common

urgent problems and occurs in 5-8% of the population, which is the most
common pathology after acute appendicitis and cholecystitis. And from all
types of hernias, inguinal hernias occur in 50-60% [41]. Out of the patients
examined by us, 667 (85%) patients underwent emergency surgery and 122

(15%) patients underwent planned surgery.
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Patients were divided according to age groups: 15-45 years, 46-7
years, patients over 70 years old. In terms of age, patients aged 46-70 years
prevailed, which were distributed as follows by quantitative and percentage
indicators: 140 patients aged 14-45, which made up 17.8% of the total
number, 449 patients aged 46-70 (56.7%), 200 patients aged 70-95. (25.3%).
The percentage of emergency operations was much higher compared to
planned operations in all age groups, 15-45 years 110 patients (16.50%), 46-
70 years 377 patients (56.50%), 70-95 years 180 patients (27%). Planned
operations were distributed according to the following indicators: total 122
patients, 15-45 years 30 patients (25%), 46-70 years 72 patients (59%), 70-95
years 20 patients (16%).

In terms of anamnesis data, the largest number of patients with an
anamnesis of 1-5 years of hernia, compared to patients with an anamnesis of
0-1 year and >5 years, the total number of which was 471 patients (59.60%),
respectively, 106 patients up to 0-1 year (13.60%). 212 patients >5 years
(26.80%).

In the study, we compared the duration of operations performed
using the Lichtenstein and Gvenetadze methods. The average duration was
73+22.03 minutes, the minimum operation time was 35 minutes, the
maximum was 180 minutes. There was no significant difference between the
groups in relation to the duration of the operation.

The main link of the study was represented by patients with
reproductive age of 15-45 years, a total of 140 patients, of whom 66 (47.20%)
were operated by isolation method, 74 (52.805) by Lichtenstein's method.
Operations conducted by the Lichtenstein method were 5.7% more than
operations conducted by the Gvenetadze method. The number of emergency
operations in the mentioned age group exceeded planned operations by
57.1%, right-sided hernias predominated in relation to left-sided and bilateral
hernias. These data were distributed according to the following order:
emergency 110 patients (78.50%), scheduled 30 patients (21.50%), right-
sided 97 patients (69.20%, of which 74 (67.20%) were operated in emergency
mode, 23 (76.6%) planned), left-sided 40 patients (28.50%, of which 36
(32.80%) underwent emergency surgery, 4 (13.30%) in a planned manner), 3
(2.3%) with bilateral hernia.
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Based on literature data, an ultrasound study of the artery that
supplies blood to the testicles showed a 2.2-2.5-fold decrease in blood flow 3
and 6 months after the operation when performing a traditional hernia
repair. At the same time, in the case of hernioplasty without stretching, the
blood circulation almost does not decrease and returns to the initial level 6
months after the operation [131].

In our study, we compared blood flow parameters in the testis and
testis, testis size and volume before surgery and 3 months after surgery in
patients in the mentioned age group (15-45 years) who underwent
Lichtenstein and T. Gvenetadze's methods. The maximum peak velocity of
blood circulation Vmax (cm/s), resistance index RI, testicular volume (cm3)
were determined. Before surgery, a relatively low intensity of blood
circulation was noted on the hernia side, compared to the healthy side (Vmax
(cm/s) 18.9+0.76, RI -0.58+0.06, Volum (cm3) - 22.95+3.53 - healthy side,
Vmax (cm/s) 14.6+ 0.99, RI -0.77+0.07, Volum (cm3) - 20.58+3.35 -
respectively the side of the hernia).

Doppler data after operations performed by Lichtenstein and
Gvenetadze methods are shown in Table 3.

Doppler data 3 Liechtenstein Gvenetadze
months after the
operation

Average SD Average SD
Maximum  peak
velocity of blood
circulation Vmax <0.05
(cm/s) 13.21 0.94 18.2 1.42
Resistance index
RI

0.83 0.05 0.6 0.10 | <0.05
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Testicular volume
Volume (cm3)

14.07 2.53 21.31 2.33 | <0.05

Table 3.

Based on the analysis of the results obtained before and 3 months
after the operation, we found a significant difference 3 months after the
operation in patients operated by the Lichtenstein method, the majority of
whom had a decrease in blood flow in the testicular artery and a decrease in
the volume of the testicle (Vmax (cm/s) 13.2+£0.9, RI - 0.83 +0.05, Volum
(cm3) - 14.07+£2.53) compared to Gvenetadze's method (Vmax (cm/s)
18.2+1.42, RI - 0.62+0.1, Volum (cm3) - 21.31+2.33), p<0.05.

An experiment

Animals

Rabbits of the Californian breed included in the study, aged 12
months + 3 months, weighing 3.5 + 0.5 kg. Of these, (50%) hernioplasty was
performed by Lichtenstein's method, and (50%) - with complete isolation of
the spermatic cord T. Gvenetadze's method. All animals were maintained
under appropriate light and temperature conditions before and after surgery,
receiving ad libitum food and water throughout the study, which was
conducted according to NIH Guidelines for the use of Laboratory Animals
(n=16).

We conducted an experimental study on rabbits, which underwent
modeled inguinal hernia repair using Lichtenstein's and Gvenetadze's
methods. A spermomorphocytological study was performed in both groups.
The study included a complete spermomorphocytological examination by
studying the following sperm parameters: sperm volume, color, turbidity,
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ejaculatory time, stickiness, odor, PH, number of spermatozoa in 1 ml,
number of spermatozoa in the whole ejaculate, live spermatozoa, motile
spermatozoa, progressive motile spermatozoa, sperm Normal morphological
of tozoids Molds, leukocytes, erythrocytes, lipoid bodies, spermagglutination,
fungi, bacteria, mucus. Semen were collected 2 days before surgery, 3 months
after surgery, and 6 months after surgery. The sperm was obtained using the
so-called "artificial vagina".

The results of the sperm morphogram before the operation and 3 and
6 months after the operation during the Lichtenstein method are shown in
Table 4.

sperm before surgery 3 months after | 6 months after
count surgery surgery

averag | SD averag | SD averag | SD P
e e e

The
number p<0.01
of
spermat
0zoa in

1 ml 4125 116.02 167 36.1 1245 18.1

The P<0.02
number
of

spermat
ozoa in
the

whole
ejaculat
e 432,75 | 95.09 | 210.25 | 80.25 | 172.75 | 44.01

Table 4.
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The main focus was on spermatozoa on quantity in 1 ml and in whole
ejaculate (Figure 5 and Figure 6).

Number of spermatozoa per ml 2 days before surgery and
3 and 6 months after surgery - Lichtenstein

464

382
152 1 44 136
' 136 I I

M 2 days before surgery B 3 months after surgery

6 months after surgery

Diagram 5

The number of spermatozoa in the whole ejaculate before and after
surgery using the Lichtenstein technique is shown in Figure 6.
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Sperm count in whole ejaculate 2 days before surgery
and 3 and 6 months after surgery - Lichtenstein

550

350 361

ﬁ“hhﬁhhh

M 2 days before surgery M 3 months after surgery 6 months after surgery

Figure 6.

The number of spermatosides in 1 ml before the operation and 3 and
6 months after the operation and during the Gvenetadze method is shown in
diagram 7.
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The number of spermatozoa in 1 ml 2 days before the
operation and 3 and 6 months after the operation -

Gvenetadze
550 548
423
43‘632 80
349 29421 410
352 34 365 356 390 39
]| | | 130 | l || |
M 2 days before surgery B 3 months after surgery

1 6 months after surgery

diagram 7.

The number of spermatozoa in the entire ejaculate before the
operation and 3 and 6 months after the operation during the Gvenetadze
method is shown in diagram 8.
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Sperm count in whole ejaculate 2 days before surgery and
3 and 6 months after surgery - Gvenetadze

720
77 769
560
564| 560 460
364 455 456
408 421 0 4 1\409
68
149
140141
M 2 days before surgery B 3 months after surgery

6 months after surgery

diagram 8.

There was a sharp decrease in the number of spermatozoa both 3
months and 6 months after the operation in the case of the Lichtenstein

method, while no changes in spermatogenesis occurred in animals operated

on by the Gvenetadze method p<0.05.

Surgical procedure

Before surgery, all animals were restricted in their food and blood
intake to avoid intra- and post-operative complications. An ear vein was used
for venous catheterization. Operations were performed under general
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anesthesia. Xylazine 2%, 0.5 ml/kg subcutaneously was wused for
premedication, a catheter was inserted into the ear vein. Anesthesia was
performed by injection of somnopol (PROPOFOL 1% 1ml/kg) and xylazine
(XYLAZIN BIO 2% 1ml/kg). Anesthesia was maintained by repeated
injections of these drugs. After anesthesia, the skin was incised, the operative
field was treated with betadine and sterilely closed. A 3 cm incision was made
in the groin area. The skin, subcutaneous tissue was dissected, the spermatic
cord was separated from the surrounding tissues. An UltraPro mesh with a
size of 4x2cm was cut out and fixed on the surrounding tissues according to
the methods of Lichtenstein and Gvenetadze. Mesh fixation was performed
using 4/0 Prolene suture. Subsequent stages of the operation according to the
methods of Lichtenstein and Gvenetadze. The wound was closed in layers,
knotted sutures on the skin. Antibiotic therapy was not administered before
or during the experiment. All animals were objectively monitored
throughout the observation period and underwent daily clinical examination
to evaluate local and systemic complications.

Figure 9. Isolation hernioplasty in the experiment
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Vasography

Six months after mesh implantation, all animals (n=16) underwent
reoperation. Operations were performed under general anesthesia. Xylazine
2%, 0.5 ml/kg subcutaneously was used for premedication, a catheter was
inserted into the ear vein. Anesthesia was performed by injection of
somnopol (PROPOFOL 1% 1ml/kg) and xylazine (XYLAZIN BIO 2%
1ml/kg). Anesthesia was maintained by repeated injections of these drugs.

The abdominal wall was opened, the intra-abdominal part of the vas
deferens was separated. It was transected 2 cm before entering the inguinal
canal, urographin was injected into it to contrast the vas deferens, then a
ligature was applied, and a vasography was performed. After that, the testicles
together with the surrounding tissues (with the implanted nest) and the testis
were excised as a single block and fixed in 10% formaldehyde.

Figure 10. Vasography 6 months after surgery. (The picture shows
the areas of mesh contact marked by lines. The areas of obstruction after mesh
implantation are clearly visible).

During the Lichtenstein method, <25% narrowing of the spermatic
cord was observed in 12.5%, 25-75% narrowing was observed in 50%, and
>75% narrowing was observed in 37.5%. During the Gvenetadze method, no
changes were observed in the spermatic cord. p<0.05.
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Morphological study of testis and vas deferens

Staining with hematoxylin and eosin

After excision, tissue samples (spermatic cord and testes) were
embedded in paraffin and 3-pm sections were taken from
macromorphologically processed tissue and stained with standard
hematoxylin and eosin. Histological preparations were scanned on a Motic
Digital Slide Scanner and analyzed using the Motic Digital Scanner Assistant
Software Motic VM 3.0.

The degree of obstruction of the vas deferens was classified as minor
(0-25% reduction in lumen diameter), moderate (25-75%) and severe (>75%).

Significant pathological morphological changes did not develop in
the testicles after the operation performed by the Gvenetadze method. The
thickness, structure, and number of spermatozoa of the lining epithelium of
the testes were without significant changes 6 months after the operation.
After surgery by Lichtenstein's method, in almost all animals there was a
sharp dilatation of the epididymis tubes, dilatation of the seminiferous duct,
shedding of the epithelium, thickening of the wall, congestion in the
surrounding venous plexuses, impoverishment of the spermatogenic
epithelium, lowering of the thickness, swelling in some places, the presence
of inflammatory infiltrates p<0.05( See Figure 11 and Figure 12).

5 I

-

Figure 11 a) Normal vas deferens 6 months after surgery (T. Gvenetadze's
method)
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-

Figure 11 b) The vas deferens in the transverse incision without pathology 6
months after the operation (T. Gvenetadze's method)

o

Figure 11 c) The vas deferens without pathology 6 months after the operation
(T. Gvenetadze's method)
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Figure 11 d) The vas deferens is dilated, the epithelium is shed, the wall is
thickened, there is congestion in the venous plexus in the surrounding stroma
(Lichtenstein's method 6 months after the operation)

Figure 11 e) The lumen of the ejaculatory duct is sharply narrowed, the place
of contact with the mesh (Lichtenstein's method 6 months after the
operation).

Figure 11 f) The markedly dilated vas deferens is filled with secretion due to
inflammatory-infiltrating waxes (Lichtenstein's method 6 months after the
operation).
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Figure 11 g) The vas deferens is uneven, the area of contact with the mesh is
sharply narrowed, the distal part is widened, the epithelium is shed, the wall
is thickened (Lichtenstein's method 6 months after the operation).

Figure 11. Morphological picture of the vas deferens 6 months after the
operation. a, b, c - Gvenetadze's method - adhesion-obstructive process is not
revealed in the seminal duct; d,e,f,g -Lichtenstein's method, where various
degrees of obstruction of the vas deferens are revealed, with inflammatory
infiltrative changes in it.

Figure 12. a) Epithelium of a normal testicle (6 months after surgery, T.
Gvenetadze's method).
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Figure 12. b) The thickness of the spermatogenic epithelium of the testis is
normal (6 months after the operation, T. Gvenetadze's method)

Figure 12. c) Sharply depleted spermatogenic epithelium thickness and
stratification (Lichtenstein method 6 months after surgery)
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Figure 12. d) The thickness and layering of the spermatogenic epithelium is
sharply reduced (Lichtenstein method 6 months after the operation)

Figure 12. e) Inflammatory infiltrate in the epididymis, epididymis tubules
are sharply dilated (Lichtenstein's method 6 months after surgery)

Figure 12. f) Against the background of relatively normal tubules, sharply
dilated tubules filled with secretion were seen (Lichtenstein's method 6
months after the operation).

Figure 12. Morphological changes in the testis 6 months after the
operation (a,b- isolation method, c,d,e,f- Lichtenstein method). After surgery
by Lichtenstein's method, in almost all animals there was a sharp dilatation
of the epididymis tubes, dilatation of the seminiferous duct, shedding of the
epithelium, thickening of the wall, congestion in the surrounding venous
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plexuses, impoverishment of the spermatogenic epithelium, lowering of the
thickness, swelling in some places, presence of inflammatory infiltrates.

The results obtained with the morphological changes in the testicle
revealed the disadvantages of Lichtenstein's method in relation to
Gvenetadze's method.

Thus, our study revealed the negative sides of the Lichtenstein
method, which causes obstruction of the vas deferens, deterioration of blood
circulation in the spermatic cord and testicle, reduction in the size of the
testis, disrupts spermatogenesis, all of which lead to oligospermia and
contribute to the development of infertility in men. This is due to the close
contact of the spermatic cord with the mesh and represents conditions
conducive to infertility in men. Tenzion-free isolation hernioplasty provided
by Gvenetadze is simple, prevents infertility in men, is shown in all cases,
especially in reproductive age, and does not affect spermatogenesis.
Gvenetadze's method is the optimal way to prevent male infertility.

Conclusions

1. On the basis of the ultrasound examination performed before the
operation and 3 months after the operation, we found a significant
difference in the patients operated by the Lichtenstein method, the
majority of whom had a decrease in blood flow in the testicular
artery and a decrease in the volume of the testicle (Vmax (cm/s)
13.2+0.9) , RI - 0.83+0.05, Volum (cm3) - 14.07+2.53) compared to
Gvenetadze's method (Vmax (cm/s) 18.2+1.42, RI - 0.62+0.1, Volum
(cm3) - 21.31+2.33), p<0.05.

2. Based on the conducted experimental research, the number of
spermatozoa both 3 months and 6 months after the operation was
sharply reduced during the Lichtenstein method, while changes in
spermatogenesis did not develop in the animals operated on by the
Gvenetadze method p<0.05.

3. Based on the conducted experimental research, narrowing of the vas
deferens <25% during the Lichtenstein method was observed in
12.5%, narrowing of 25-75% was observed in 50%, and narrowing
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of >75% was observed in 37.5%. During the Gvenetadze method, no
changes were observed in the vas deferens p<0.05. After 6 months,
the number of spermatozoa in 1 ml decreased by 30.1%, and by
39.9% in methyl ejaculate. p<0.05.

Based on the conducted experimental research, studying the
morphological analysis of the Spermatic cord and testicles by
Lichtenstein's method, after the surgery, in almost all animals there
was a sharp dilatation of the epididymis tubes, dilatation of the
seminiferous duct, shedding of the epithelium, thickening of the
wall, congestion in the surrounding venous plexuses,
impoverishment of the spermatogenic epithelium, to lower the rock,
No similar changes were detected in the animals after the bleeding,
the presence of inflammatory infiltrates in some places, the
operations performed by the Gvenetadze method, p<0.05.

Practical recommendations

1. During surgical intervention in men of reproductive age,
attention should be focused on the selection of the operative
method, which will not affect the male reproductive function
and will also be the optimal way to prevent the recurrence of
hernia.

2. Lichtenstein's hernioplasty, due to its postoperative
complications, is not recommended for use in men of
reproductive age

3. In the reproductive age, it is recommended to Tenzion-free
isolation hernioplasty provided by Gvenetadze, which means
complete isolation spermatic cord with the mesh. The
mentioned operative method for men is simultaneously
prevention of both male infertility and hernia recurrence.
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