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Background: The aim of our study was to determine an influence of incarcerated inguinal hernia mesh repair on testicular
circulation and to investigate consequent sperm autoimmunity as a possible reason for infertility.
Material/Methods: This prospective study was performed over a 3-year period, and 50 male patients were included; 25 of these
patients underwent elective open mesh hernia repair (Group I). Group Il consisted of 25 patients who had sur-
gery for incarcerated inguinal hernia. Doppler ultrasound evaluation of the testicular blood flow and blood sam-
plings for antisperm antibodies (ASA) was performed in all patients before the surgery, on the second day, and
5 months after. Main outcome ultrasound measures were resistive index (RI) and pulsative index (PI), as their
values are inversely proportional to testicular blood flow.
Results: In Group |, RI, and Pl temporarily increased after surgery and then returned to basal values in the late postop-
erative period. Friedman analysis showed a significant difference in Rl and PI for all measurements in Group Il
(p<0.05), with a significant decrease between the preoperative, early, and late postoperative periods. All final
values were within reference range, including ASA, despite significant increase of ASA in the late postopera-
tive period.
Conclusions: Although statistically significant differences in values of testicular flow parameters and immunologic sensiti-
zation in observed time, final values remained within the reference ranges in all patients. Our results suggest
that the polypropylene mesh probably does not cause any clinically significant effect on testicular flow and im-
munologic response in both groups of patients.
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Background

According to European Hernia Society guidelines, patients with
symptomatic inguinal hernias should be operated on elective-
ly to reduce complaints and to prevent complications such as
incarceration or strangulation. It is believed that inguinal her-
nia occurs in 5% of adult men, and 5-15% of patients with in-
guinal hernia will need emergency surgery due to incarcera-
tion [1,2]. Current surgical treatment includes prosthetic mesh
in both elective and urgent procedures [3]. Polypropylene mesh-
es can be safely used in inguinal hernia surgery, even when
intestine resection is needed [4-6]. Yavez et al. emphasized
surgical treatment of inguinal hernia in 6.65% of infertile men
as a main cause of infertility, and semen quality was mark-
edly reduced in comparison with that of fertile men [7]. The
connection between decreased testicular arterial flow and im-
munosensitization has been demonstrated in animal models.
Unilateral testicular ischemia in the rat results in morpholog-
ical damage in the contralateral testis due to increase in se-
rum cytotoxic antisperm antibodies [8]. It has also been prov-
en in animal models that mesh, besides direct compression
on the spermatic cord, additionally narrows the lumen of the
deferent duct by its contraction, and also reduces the arteri-
al supply of the testis, consequently affecting spermatogene-
sis [9,10]. Clinical studies of testicular flow after inguinal hernia
mesh repair showed different outcomes. Sucullu et al. support
the hypothesis that mesh techniques in inguinal hernia repair
significantly change the Doppler parameters in the early post-
operative period, but do not have a significant effect on sperm
concentration or rate of progressive motility [11]. In contrast,
the study by Ramadan et al. showed that mesh placement
does not adversely affect ipsilateral testicular flow [12]. The
measurement of Doppler ultrasound parameters at the level
of the testicular artery has been used to assess testicular flow
in various studies, and Pinggera et al. reported that intrates-
ticular level measurements are good spermatogenesis predic-
tors [13]. Hillelsohn et al. confirmed those findings and sup-
ported intratesticular Rl use as an independent indicator of
testicular function [14]. They also proposed further investiga-
tions of Doppler changes occurring after surgical therapy and
their association with spermatogenesis. Therefore, Stula et al.
measured the flow in testicular, capsular, and intratesticular
arteries following mesh hernia repair in elective patients; they
found only transitory changes in testicular perfusion, with-
out any long-lasting adverse effects on microcirculation [15].

Antisperm antibodies (ASA) in males cause the autoimmune
disease ‘immune infertility’. The incidence of sperm autoimmu-
nity in infertile couples is about 20%; ASA assessment is con-
sidered as an essential part of infertility management [16]. It
is not clear how the mechanism of ASA causes male infertility,
but recent studies showed significant negative effects of ASA
on sperm concentration and sperm motility [17]. Testicles are
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paired organs; it has been proven that the unilateral damage
to the deferent duct may affect fertility by production of ASA,
which can be determined in serum before an evident histo-
logical unilateral or bilateral damage, as shown in a rat mod-
el [18]. Also, it can be affected by free radicals discharged after
ischemia in gastrointestinal organs [19]. This is an autoimmune
reaction which is responsible for damaging the function of the
contralateral testis. It was hypothesized that increased tes-
ticular tissue ischemia and hypoxia damage to the basement
membrane of endothelial and Sertoli cells in the seminiferous
tubules may lead to the destruction of the blood-testis barrier,
activating autoimmune reaction to produce ASA and result in
infertility by direct interaction with sperm or indirect change to
the local microenvironment. In their study, HaoXu et al. com-
pared the effects of different types of hernia mesh on the re-
productive function of adult male rats following open tension-
free hernioplasty. In comparison with polytetrafluoroethylene
groups, the concentration of ASA was significantly increased
and the differences were statistically significant in the poly-
propylene groups [20]. The influence of elective inguinal her-
nia mesh repair on sperm autoimmunity and testicular flow
was investigated by Stula et al., and there was no effect on
testicular flow change on the blood-testicle barrier that could
lead to a significant immune reaction [15].

The aim of this study was to determine the influence of incar-
cerated inguinal hernia mesh repair on testicular circulation
and to investigate an autoimmunological reaction as a possi-
ble reason for infertility.

Material and Methods

The prospective study was performed over a 3-year period
(January 2012 to December 2014) in 25 male patients with
incarcerated indirect inguinal hernia who underwent urgent
surgical procedure at the Department of Surgery, University
Hospital Split. Inclusion criteria were male sex and reducible
hernia. Exclusion criteria were previous history of fertility prob-
lems, testicular trauma, operation or clinical detectable tes-
ticular disease, previous hernia repair, genitourinary infection,
or immunodeficiency. Also, patients with direct inguinal herni-
as were not included in the study because of anatomical fea-
tures of direct hernia and consequently less expected negative
impact on testicular circulation. The control group consisted
of 25 male patients hospitalized for a planned elective surgi-
cal treatment of indirect inguinal hernias who had given writ-
ten consent to participate in the survey and have no exclu-
sionary factors. The approval of the Ethics Committee of Split
University Hospital was obtained for this study.

The preoperative preparation and postoperative care for
patients who were treated electively was uniform. Also,
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Figure 1. Intratesticular flow in a patient with
incarcerated hernia: (A) preoperative,
(B) early postoperative, (C) late
postoperative measurement.

KBC SPLIT 15:14:58 Mo 05/11/201%
05_11_2012_15_06_54

P

KBC SPLIT 15:11:29 We07/11
07_11_2012_15_05_12

P

14:22:25 We 03/07/201

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Krni¢ D. et al.:
Incarcerated inguinal hernia repair and sperm autoimmunity
© Med Sci Monit, 2016; 22: 1524-1533

CLINICAL RESEARCH

Table 1. Patient characteristics comparison: non-complicated hernia (Group 1) and incarcerated hernia (Group II).

All patients

Patients (n, %) 25
Right 9

AR EER{TY) oo
Left 16

Age (years) median (min.—-max.) 57

(50%) 25 (50%)
oW noo@
%) @ ooGeee
@o-8) 64 (8800 | p-0123*

* Mann-Whitney U test.

preoperative preparation for patients who were treated from
incarcerated inguinal hernia was also equable. Low-molecular
weight heparin prophylaxis was administered to all patients
before surgery, whereas a single dose of antibiotic prophylax-
is (cefazolin 1 g) was administered to patients treated for in-
carcerated hernia. General anesthesia was administered to all
patients, and all surgical procedures were performed by the
same surgeon, using only anterior tension-free polypropylene
mesh repair (Lichtenstein technique).

Operative technique

Mesh repairs of the inguinal hernia were performed via an-
terior tension-free approach. There were no signs of isch-
emic necrosis of content as a result of strangulation, and was
no bowel resections were performed, so further procedures
were identical in both groups. The posterior wall was cov-
ered by polypropylene mesh (Bard® Mesh — Monofilament,
Davol a Bard Company, Providence, RI). The mesh was sur-
gically shaped with a vertical cut cranial to the inguinal liga-
ment and a round aperture was positioned around the sper-
matic cord and fixed with polyglactin 910 interrupted sutures
(Vycril, Ethicon, Norderstedt, Germany).

Color Doppler ultrasound

Color Doppler ultrasound evaluation of the testicular blood
flow was performed in all patients before the operation, in
the early postoperative period (between 24 and 48 h after the
operation), and in the late postoperative period (5 months af-
ter operation) (Figure 1). Testicular, capsular, and intratestic-
ular arterial flow dynamics were measured by a single expe-
rienced radiologist.

The patients were scanned in supine position using an ultra-
sound unit (Acuson X500, Siemens Medical Systems, Erlangen,
Germany) with a 10 MHz linear array probe placed directly on
the scrotal skin. Realtime scans were obtained in standard lon-
gitudinal and transverse plans to identify testicular blood flow
on the hernia side. After that, point spectral analysis was per-
formed over the testicular artery 1 cm superior to the pole of the

testicle, over the capsular artery, and over the largest intratestic-
ular vessel identified, in the middle and on both poles of the tes-
ticle. After testicular blood flow had been identified, the following
parameters were evaluated: peak systolic velocity (PSV), end-dia-
stolic velocity (EDV), pulsative index (PI), and resistive index (RI).

Antisperm antibodies (ASA)

Blood samples were drawn in all patients before hernia repair
and 5 months after. The serum samples were immediately fro-
zen and kept at a temperature of =70°C until they were an-
alyzed. The antisperm antibodies were analyzed by enzyme-
linked immunoadsorbent assay (ELISA, lason, Germany).

Statistical analysis
The data were analyzed using nonparametric tests (Friedman,
Wilcoxon, Mann-Whitney, 2 test; Statistica for Windows Release

7.0, StatSoft, Tulsa, OK). All p values less than 0.05 were con-
sidered to indicate statistical significance.

Results

Fifty male patients underwent indirect inguinal hernia open
repair using tension-free polypropylene mesh technique be-
tween January 2012 and December 2014. Twenty-five of them
underwent elective open repair (Group I), and the other twen-
ty-five had incarcerated hernia and underwent urgent open
repair (Group I1). The median age of patients in Group | was
57 years (range 40-81 years) and in Group Il 64 years (range
28-80 years). No significant differences between the 2 groups
were found regarding age (p=0.123) (Table 1).

Testicular blood flow measurements

Color Doppler ultrasound evaluation of the testicular blood
flow (resistive index-Rl, pulsative index-PI, peak systolic ve-
locity-PSV, and end-diastolic velocity-EDV) was performed in
all patients preoperatively, 24-48 hours after the operation
(early postoperative), and in 49 patients 5 months after the
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Table 2. Resistive index (RI) according to level and time of measurement in elective surgery patients (Group I) and in patients who
underwent emergency surgery (Group II).

Level of . RI .
Measir o Time of measurement Group | Group I
Median (min.-max.) Median (min.-max.)
Preoperative 0.81 (0.56-0.92) 0.550 0.86 (0.57-1.0) <0.001
Testicularartery Early postoperative 085 (0.5-096) 074 (041-093)
late postoperative 083 (0.51-094) 069 (051095
~ Preoperatve 074 (052-086) 02286 075 (0541  <0.001
Capsularartery Early postoperative 074 (035-09) 063 (0.54-094)
late postoperative 074 (056-088) 061 (039-083)
 Preoperatie 065 (05-074) 0399 067  (052-1)  <0.001
ey eaypostopertve 066 (03808 0& (4209
Late postoperative 0.65 (0.52-0.79) 0.58 (0.41-0.74)

* Friedman analysis.

Table 3. Pulsative index (Pl) preview according to level and time of measurement in elective surgery patients (Group ) in comparison
with patients who underwent emergency surgery (Group II).

Level of . Pl i
Measir o Time of measurement Group | Group I
Median (min.-max.) Median (min.-max.)
Preoperative 2.23  (0.96-3.67) 0.549 1.79 (0-4.05) 0.004
Testicular artery Early postoperative 227 (068463 154 (081-451)
Late postoperative 222 (104-349) 138 (098-306)
~ Preoperative 154 (081-295) 0909 112 (0219 0019
Capsularartery Early postoperative 167 (061-3.16) 111 (071-259)
Late postoperative | 159 (061274 102 (051-215)
~ Preoperative 113 (073-167) 0392 107 (0-248) 0006
ey eaypostopertve 127 (049209 102 057339)
Late postoperative 1.18  (0.8-1.92) 0.97 (0.59-1.55)

* Friedman analysis.

operation (late postoperative) at testicular, capsular, and in-
tratesticular arteries levels.

No significant differences between the 2 groups were found
in terms of Doppler ultrasound parameters for the preopera-
tive period (Mann-Whitney test; p>0.05).

Friedman analysis showed significant difference of Rl only in
Group Il at testicular artery level (x?=32.4; p<0.001), capsu-
lar artery level (x?=23.6; p<0.001), and intratesticular arteries
level (x2=20.9; p <0.001) over observed time. In the late post-
operative period median value of Rl decreased by 0.17 at tes-
ticular artery level, 0.14 at capsular artery level, and 0.09 at
intratesticular arteries level in comparison to the preopera-
tive values (Table 2).

Friedman analysis showed significant difference of Pl only in
Group Il at testicular artery level (x?=11.2; p=0.004), capsu-
lar artery level (x2=7.9; p=0.019), and intratesticular arteries
level (x2=10.3; p=0.006) over observed time. In the late post-
operative period the median value of Pl decreased by 0.41 at
testicular artery level, by 0.1 at capsular artery level, and by
0.1 at intratesticular arteries level in comparison to the pre-
operative values (Table 3).

In the Group | median PSV value rose for 0.7 cm/s at testic-
ular artery level (x?=10.2; p=0.006) and for 0.6 cm/s at intra-
testicular arteries level (x?=6.2; p=0.044) in the early postop-
erative period in comparison to the preoperative value and
returned to its preoperative value in the late postoperative
measuring (Table 4).
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Table 4. Peak systolic velocity (PSV) preview according to level and time of measurement in elective surgery patients (Group 1) in
comparison with patients who underwent emergency surgery (Group II).

Level of : PSV cm/s PSV cm/s
Measir o Time of measurement Group | Group I
Median (min.-max.) Median (min.-max.)
Preoperative 9.75 (4.7-16.3) 0.006 9.1 (0-20.6) 0.453
Testicular artery  Early postoperative 1045 (77-305% 99 (49162
late postoperative 935 (37-162) 795 (51-183)
~ Preoperative 685 (4112 0947 7 (099 0582
Capsularartery ~ Early postoperative 66 (4132 68 (46=217)
Late postoperative 7 @807 61 @)
 Preoperatie 485 (2662 0.044 45 (0-81) 0002
ey eaypostopetve 545 6393 53 (6282
Late postoperative 4.8 (3.3-6) 4.7 (2.6-6.8)

* Friedman analysis.

Table 5. End diastolic velocity (EDV) preview according to level and time of measurement in elective surgery patients (Group 1) in
comparison with patients who underwent emergency surgery (Group II).

Level of i EDV cm/s EDV cm/s
Measir o Time of measurement Group | Group I
Median (min.-max.) Median (min.-max.)
Preoperative 1.6 (0.8-3.5) 0.297 1.7 (0-4.2) 0.007
Testicularartery Early postoperative - 18 (0979 25 (138
Late postoperative 175 (07— 27 (0433
~ Preoperative 17 (0938 0685 18  (0-35 0502
Capsularartery  Early postoperative 18 (0939 25 (0253
Late postoperative - 17 0728 23 @3n
~ Preoperative 16 (0828 0042 15  (0-27) 0002
ey eaypostopetve 185 (233 19 0528
Late postoperative 1.65 (0.8-2.3) 1.85 (1.1-2.8)

* Friedman analysis.

PSV also changed in Group Il during observed time but only
at the intratesticular arteries level (x?=12.2; p=0.002). Median
PSV value rose by 0.8 cm/s in the early postoperative period in
comparison to the preoperative value and returned to its pre-
operative value in the late postoperative measuring.

In Group |, median EDV value rose from 0.25 cm/s at the intrates-
ticular artery level (x2=6.33; p=0.042) in the early postoperative
period in comparison to the preoperative value, and returned
to its preoperative value in the late postoperative measuring.

In Group Il, median EDV value rose from 0.8 cm/s at testicular
arteries level (x2=10; P=0.007) and from 0.4 cm/s at intratestic-
ular arteries level (x?=12.4; P=0.002) in the early postoperative

period in comparison to the preoperative value and remained
at that level in the late postoperative measurement (Table 5).

Antisperm antibodies measurements

Both preoperative and late postoperative antisperm antibod-
ies (ASA) values were measured in 46 patients (Table 6). There
were no statistically significant differences in basal values
(z=0.736, p=0.220, Mann-Whitney U test) amongst the elec-
tive and urgent patient groups.

With the elective patient group, median ASA rose for 4.5 U/ml
after surgery in comparison to the basal value (z=3.36; p=0.001).
With the urgent patient group, median ASA rose from 8.3
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Table 6. Antisperm antibodies in basal and postoperative measurements [median (min.—max.)].

Basal

Groupl
After operation
Basal

Group Il

After operation

Median (min.-max.) P*
30.5 (4.5-53.1)
——————————————————————————————————————————————— 0.001
35.0 (15-56)
24.4 (8.3-56.0)
——————————————————————————————————————————————— <0.001

327 (19.2-63.0)

* Wilcoxon test.

U/ml after the surgery in comparison to the preoperative val-
ue (z=3.7; p<0.001).

Discussion

The impact of inguinal hernia mesh repair on fertility of men re-
mains a subject of scientific debate. The results of recent pro-
spective studies in men do not support the hypothesis that in-
guinal hernia repair with alloplastic mesh prosthesis causes male
infertility at a significantly greater rate than those operated on
without mesh [21]. A number of clinical studies indicate that
potential adverse effects of mesh repairs do not seem to have
a clinical impact on male fertility [22]. The numbers of included
patients were mainly limited, especially with bilateral hernias,
and new observational cohort studies are being designed and in
progress to assess the clinical relevance of the effects of ingui-
nal hernia and hernia surgery on male fertility [23,24]. Despite
the results stated in these studies, there is still a major inerad-
icable stance amongst surgeons that precautions are necessary
when applying mesh on younger men who are planning to have
children. Besides the direct damage to testis circulation, a cause
of infertility can also be damage to the vas deferens as well
as an autoimmune reaction with patients treated with mesh.
Animal models show substantial effects of mesh hernia repair
on structures in the spermatic cord. Histological examination
revealed a foreign body reaction causing decreased spermato-
genesis [10,25]. Inguinal vessel obstruction related to inguinal
herniorrhaphy in humans is an uncommon and frequently un-
recognized cause of male infertility. Infertility due to vas def-
erens dysfunction can be related to direct iatrogenic injury or
delayed obstruction caused by scar tissue created as a result
of inflammatory tissue response to a foreign body. Shin et al.
evaluated 14 men with infertility who underwent hernia repairs
with polypropylene mesh. Surgical exploration in the inguinal
region at the previous hernia site revealed a dense fibro-plas-
tic response encompassing the polypropylene mesh, with ei-
ther trapped or obliterated vas deferens, and obstruction was
confirmed by intraoperative vasograms [26].

Sucullu et al. measured postoperative spermiogram after mesh
hernia repair and did not find statistically significant differences

to preoperative values [11]. Also, Lee et al. reported that the
presence of serum ASA was highly accurate in predicting ob-
structive azoospermia [16].

Vas deferens injury, testicle ischemia, and inflammatory reac-
tion are considered to be the main causes of intolerance to
sperm antigens and ASA production [27].

ASA can be detected prior to obvious testicle damage, and an
antispermal immunological reaction can lead to dysfunction
of the contralateral testis in infertile men who underwent uni-
lateral mesh hernia repair [18].

There are only a few studies that have investigated ASA se-
rum levels after hernia repair. Matsuda et al. and Friberg et al.
found a significant increase of ASA in infertile patients treated
by non-mesh repair [27,28]. On the other hand, Kapral et al.
found insignificant ASA level increase after hernia repair [29].
Stula et al. investigated ASA levels in 2 groups of patients and
found higher ASA values in the group treated by the anteri-
or open free-tension method compared with the group treat-
ed by TAPP, but the difference in ASA value was not clinically
important. A possible reason was greater tissue damage and
consecutive inflammatory response, which is expected with
the anterior approach. Also, there was no significant correla-
tion between the change in testicular flow and the increased
ASA value [15].

The present study assessed ASA values in patients treated for
incarcerated hernia with mesh; we expected to find a more pro-
nounced sensitization and therefore higher ASA values due to
changes in testicular flow and consequently greater impact on
blood-testicle barrier, in comparison to patients treated elec-
tively. Time of postoperative ASA measurement was based on
2 facts: ASA production is not evident until 15-30 days after
the blood-testicle barrier is broken, and the possibility of ex-
trinsic compression leaving a scar ends within 3 months when
the wound healing process after repair is over [18]. Obviously,
the short interval between incarceration and surgery was the
explanation of immune response absence and preoperatively
we did not found significant differences in ASA values between
the 2 groups (p=0.220). We found a statistically significant
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increase of antisperm antibodies (ASA) in the late postopera-
tive period compared to preoperative values in both groups of
patients (Table 6). The functional blood-testicle barrier is the
result of CD8+ suppressor T lymphocytes domination. A pos-
sible reason for an increase in postoperative ASA values is in-
flammatory reaction with increased prevalence of B-cells on
immunosuppressor T cells after the mesh application and the
consequent lack of autoimmune response inhibition. The ASA
values were within the reference range (0-60 IU/ml), except
in 3 patients with incarcerated hernia who had postoperative
values slightly above the upper limit (6063 IU/ml). Extensive
manipulation with spermatic cord structures during incarcer-
ated hernia surgery may be the cause of some higher post-
operative ASA values in those patients. Nevertheless, the 2
groups of patients did not show statistically significant dif-
ferences in postoperatively measured ASA values (p=0.826).

Until now there have been only a few studies of testicular flow
and immunological response to sperm antigens that could be
related to male infertility in patients treated by mesh hernia
repair. Koksal et al. compared testicular perfusion in 2 groups
of patients: those treated by totally extraperitoneal mesh re-
pair, and those treated by Lichtenstein hernia repair. Resistive
index (RI) results in both groups were statistically insignificant
in all preoperative, early, and late postoperative periods [30]. In
their ultrasound study, Brisinda et al. measured testicular blood
flow and testicular volume after tension-free inguinal hernia
repair, and no statistically significant differences were found
between preoperative and postoperative measurements [31].

Stula et al. investigated testicular circulation using a linear ar-
ray probe of 10 MHz which had a better resolution than a lin-
ear array probe of lower frequency used in other studies. In their
study, measurements were made at 3 levels: testicular, capsu-
lar, and intratesticular. The study showed only transitory change
in testicular perfusion without long-term adverse effects on mi-
crocirculation [15]. Hillelsohn et al. suggested that intratesticu-
lar Rl can be a reliable indicator in routine clinical use to estab-
lish diagnostic criteria for normal and pathological sperm counts
and to identify sub-fertile men [14]. They noticed that RI values
show greater testicular vascular resistance in patients with path-
ological sperm counts than in those with normal sperm counts.

Until now there has been no Doppler study published which
researched testicular flows in patients treated for hernia in-
carceration. Our hypothesis was that patients treated for her-
nia incarceration by urgent surgical procedures with inguinal
mesh placement would have significant changes in testicu-
lar flow in the late postoperative period in comparison to the
control group.

Therefore, in our study, flow was measured on 3 levels: the
testicular, capsular, and intratesticular artery level. This was
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mandatory due to the fact that increased vascular resistance
inside testicular tissue is related to spermatogenesis distur-
bance. Although resistance index (RI) and pulsative index
(P1) values were of most importance, peak-systolic velocity
(PSV) and end-diastolic velocity (EDV) values were also mea-
sured in our study as they are strongly correlated with testic-
ular blood flow.

In our study, preoperative Rl was higher in patients with incar-
cerated hernia (Group Il) compared to the control group at all
levels, but we did not prove a significant difference. It was to
be expected that incarcerated hernia caused greater testicular
flow changes before surgical intervention (Table 2).

With patients who underwent elective surgery, Rl values did
not change significantly in the early and late postoperative
periods, so we can conclude that the surgical procedure, with
all its consequential tissue changes, does not lead to tempo-
rary or permanent changes which could reflect in changes of
Rl values, regardless of the level of measurement.

The decompression effect of the surgical procedure and reac-
tive hyperemia as a part of higher inflammatory response is
a possible reason for the significant decrease of Rl in the ear-
ly postoperative period in Group Il. It is known that testicular
or funicular inflammatory processes can lead to significant RI
decline [32]. A surprising finding was the significant decline in
Rl measurements at all levels in the late postoperative period
in Group Il, compared to Group | which had ultimately higher
Rl values in the late postoperative period. The development
of collateral circulation as an adjustment due to chronic pres-
sure on the narrow hernial neck is a possible explanation for
lower Rl values in the late postoperative period in Group II.

Preoperative values of Pl were not different in the 2 groups
of patients, which suggests that incarceration does not nec-
essarily reduce testicular blood flow.

In the electively operated group, Pl increased in the early post-
operative period and returned to baseline levels in the late
postoperative period, and value differences were not statisti-
cally significant (Table 3). On the other hand, measurements
in emergency patients showed decline of Pl values at all lev-
els in the early postoperative period, with a statistically signif-
icant decrease in the late postoperative period. We found sig-
nificantly lower values of pulsatile index at all levels in the late
postoperative period in Group Il. The dynamics of Pl changes
could be compared to RI changes in all patients, and both pa-
rameters show a good correlation with the testicular blood flow.

Research on blood velocity is important to develop a bet-
ter understanding of flow change. End-diastolic velocity
(EDV) increased with all patients in the early postoperative
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period (Table 5). The increase in value with Group | was tem-
porary and the values returned to their basal values in the late
postoperative period, whereas with urgent patients (Group II)
EDV value remained at the same level as at previous measure-
ments. Although the dynamics of changes was similar at all
levels of measuring, the difference was statistically significant
at the testicular artery level in Group |, and at intratesticular
arteries level in patients from both groups. The dynamics of
these transitory changes of EDV can be explained by postoper-
ative tissue changes which are reversible in elective patients,
and possibly permanent in patients with incarcerated hernia.
However, it should be noted that there were no statistically
significant differences in the measured values of EDV in the
late postoperative period at the level of intratesticular arter-
ies in both groups (z=1.47; p=0.141).

Peak systolic velocity (PSV) showed a significant increase in
the early postoperative period in both groups at the intrates-
ticular artery level and in Group | at the testicular artery level
(Table 4). The reason for the transient increase of PSV may be
an increase in vascular resistance or inflammatory reaction [33].

In the late postoperative period, PSV values returned to their
preoperative values in both groups of patients. Analyses of
blood flow velocity results reveal that both groups of patients
had similar changes in the early postoperative period, especial-
ly at intratesticular arteries level. The increased PSV and EDV
values in both groups may be due to tissue reaction to surgical
procedures. As postoperative hyperemia and edemas recede,
PSV returned to its initial values in the late postoperative pe-
riod in both groups of patients, whereas EDV had a similar dy-
namic only in elective patients. A possible explanation of re-
tention of higher EDV values in the late postoperative period
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with patients who underwent surgery due to hernia incarcer-
ation is the existence of a prominent testicular collateral irri-
gation, which explains the decrease in Rl value, and a fall in
peripheral resistance accelerates the diastolic flow.

Finally, Rl values in the late postoperative period were with-
in the reference ranges in both groups and the clinical signifi-
cance of these changes is questionable. In our patients, there
was no significant correlation between change in testicular flow
and in the increase in ASA value. Although we measured an
increase in ASA in both groups of patients, we conclude that
mesh hernia repair does not cause clinically significant immu-
nological reactions, even in patients with incarcerated hernia.

To the best of our knowledge, this is the first study to inves-

tigate both testicular circulation and antisperm antibodies in
incarcerated hernia mesh repair.

Conclusions

Transitory changes in testicular flow and autoimmune reac-
tion due to changes on the blood-testicle barrier were compa-
rable patients treated for incarcerated and those treated for
non-complicated indirect inguinal hernia. Further investiga-
tions are needed to make firm conclusions regarding the ef-
fect of incarcerated inguinal hernia mesh repair on immuno-
logic sensitization and, perhaps, male fertility.
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