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Abstract
Background: Varicocele is one of the leading causes of infertility in men. Re-
sistance index (RI) in testis is a parameter indicating parenchymal perfusion and mi-
crovascular functions. Increased RI in the testis of patients with varicocele might be
a sign of impairments in microvascularization and a significant decrease in testicular
perfusion. In the present study, RI in capsular and intraparenchymal testicular arter-
ies was evaluated in patients with varicocele who underwent varicocelectomy.
Methods: This prospective cohort study was performed in 2019-2020 in Guilan,
Iran. Sixty-six patients were included. Semen analysis was also done before surger-
ies. Patients with at least one disorder in semen analysis entered the study. Rl in tes-
ticular arteries was measured by an experienced radiologist before surgeries. Six
months after varicocelectomy, all patients underwent the same semen analysis and
ultrasound imaging. Data were analyzed using SPSS software. The tests for analysis
included McNemar Test and Wilcoxon and p<0.005 was considered as the signifi-
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Introduction

veins and also reticular veins. Studies indi-
cated that the prevalence rate of varicocele is
almost 15% in the general population (1). It has
also been indicated that 35-44% of men with pri-
mary infertility and 45-81% of men with second-

Varicocele is defined as dilated spermatic

ary infertility are later diagnosed with varicocele
(2). There has been a direct relationship between
varicocele and lower qualities of semen in men
referring to infertility clinics (3, 4). Scrotal hyper-
thermia, changes in the bloodstream of the testis,
increased venous pressure, hypoxia, hormonal dis-
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orders, and accumulation of toxins are the most
known factors for the effects of varicocele on the
quality of semen (5-7).

The golden standard for diagnosis of varicocele
is based on clinical examinations which are divid-
ed into 3 grades; grade 1 varicocele is touchable
only during valsalva maneuver, grade 2 is easily
touchable without valsalva maneuver, and grade 3
could be observed without any touching (8, 9).
Imaging studies also play pivotal roles in the di-
agnosis and staging the varicocele. These studies
include performing ultrasound, color Doppler ul-
trasound (CDUS) and phlebography (10).

With increased progress in ultrasound imaging
modalities, structural and functional studies of the
testis are available. These structural studies in-
clude evaluating parenchymal volume and echo
and functional studies include macrovascular and
microvascular evaluations which indicate perfu-
sion characteristics of the testis (11). Testicular
vascularization is performed by 3 main arteries.
These include testicular artery (TA), cremasteric
artery (CA), and deferential artery (DF). TA is
also divided into capsular and intra-parenchymal
branches (12). As mentioned above, CDUS stud-
ies could evaluate the perfusion of the testis. Re-
sistance index (RI) is a parameter indicating par-
enchymal perfusion and microvascular functions
of the testis (13). Increased RI in the testis of pa-
tients with varicocele might be a sign of impair-
ments in microvascularization and also a signifi-
cant decrease in testicular perfusion. Spermato-
genesis is a sensitive process in which the perfu-
sion of the testis could affect the process (14).

Varicocelectomy is performed using different
surgical techniques (15). Changes in semen pa-
rameters are observed after varicocelectomy (16).
Previous studies have evaluated such parameters
in patients and these studies have reported varia-
ble results. In the present study, an attempt was
made to evaluate and compare color Doppler in-
dexes including RI in capsular and intraparen-
chymal testicular arteries in patients with varico-
cele who underwent varicocelectomy in Razi hos-
pital in Rasht, Iran.

Methods
This prospective cohort study was performed in
2019-2020 in Razi hospital, Guilan, Iran. The cur-
rent study was approved by the research commit-
tee of Guilan University of Medical Sciences and
the ethics committee has confirmed it (Ethics
code: IR.GUMS.REC.1398.390). In this study, in-
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fertile men referred to the urology and infertility
clinic of Razi hospital were included. Our inclu-
sion criteria were having at least one disorder in
semen analysis, clinical diagnosis of varicocele
and being a candidate for varicocelectomy. The
exclusion criteria were having a systemic disease
(Including hypertension or diabetes mellitus), his-
tory of undescended testis, history of hydrocele,
history of surgeries on the testis, inguinal area or
pelvis, history of testis torsion, testis radiotherapy,
history of medications (Including gonadotropin
and anabolic steroid), and smoking.

Disorders in sperm analysis were regarded as
less than 15 million sperm per milliliter, less than
1.5 milliliters of volume, less than 4% normality
in morphology and less than 40% motility after
one hour of ejaculation.

Patients entered the study based on inclusion and
exclusion criteria. Physical examinations were
performed on each patient using the valsalva ma-
neuver by an experienced urologist for grading the
varicocele. Semen analysis was also done before
surgeries for each patient using self-masturbation
after 3-4 days of having no intercourse. CDUS of
testicular arteries and scrotal CDUS were also
performed by an experienced radiologist for each
patient in supine and relaxing position before sur-
geries. GE Voluson E6 ultrasound was used with
high-resolution transducers. Rl in testicular arter-
ies was measured for each patient before surger-
ies.

Surgical procedures were performed using tradi-
tional methods with an inguinal approach under
general anesthesia. Six months after surgeries, all
patients underwent the same semen analysis and
ultrasound imaging. Data were collected and com-
pared using SPSS software version 25. The tests
for analysis included McNemar Test and Wilcox-
on and p<0.005 was considered as the signifi-
cance level.

Results

The present study was performed on 66 infertile
men who had disorders in their sperm and who
were candidates for varicocelectomy. The mean
age of patients was 29.57+3.84 years (Range of
22-36 years). Our primary analysis showed that
37 patients (56.1%) had grade I varicocele, 22 pa-
tients (33.3%) had grade Il and 7 patients (10.6%)
had grade 111 varicocele.

Data analysis indicated that a total number of 42
patients (63.6%) had positive changes in semen
analysis and 24 patients (36.4%) did not respond
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to varicocelectomy. Analysis of patients with pos-
itive effects of varicocelectomy on sperm analysis
showed that four measured factors (Number, con-
centration, morphology and motility) significantly
increased after surgeries (p<0.001). These data are
indicated in table 1.

Further measurements of capsular and intra-
testicular RI in all patients also indicated a signif-
icant decrease (p<0.001). Mean capsular RI was
0.58+0.03 before surgeries and after interventions
which decreased to 0.54+0.04 (Table 2).

Our data also showed that in patients with posi-
tive effects of varicocelectomy on sperm analysis,
the mean capsular and intratesticular Rl was sig-
nificantly lower than patients who did not have
improvement in sperm parameters (Table 3).

Discussion
In the current study, sperm analysis and capsular
and intratesticular Rl were evaluated among 66

infertile men who underwent varicocelectomy and
it was indicated that 42 patients had significant
improvement in their sperm parameters. This im-
provement was observed in all of the measured
items (Number, concentration, morphology, and
motility). Furthermore, it was shown that mean
capsular and intratesticular RI in patients de-
creased after surgeries and this decrease was Sig-
nificantly more in patients who had improvement
in their sperm parameters. These data emphasize
the important role of varicocele as an etiologic
factor for infertility and also the importance of Rl
as a possible affecting factor in patients with in-
fertility. The significant decrease in capsular and
intratesticular RI along with improvement in
sperm parameters indicated that testicular CDUS
is an effective and non-invasive tool for diagnosis
and follow-up of patients with varicocele.

As mentioned above, varicocele is a common
urologic problem in juveniles which could nega-

Table 1. Sperm analysis of patients before and after surgeries

Before surgeries

After surgeries

Variables Amelioration (%)  p-value
N % N %
Number
Abnormal 36 54.5 16 24.2
55.5 <0.001
Normal 30 45.5 50 75.8
Concentration
Abnormal 35 53 15 22.7
. <0.001
Normal 31 47 51 77.3 555 0.00
Morphology
Abnormal 37 56.1 15 22.7
. <0.
Normal 39 43.9 51 77.3 33.3 0.001
Motility
Abnormal 42 63.6 16 24.2 394 <0.001
Normal 24 36.4 50 75.8 ' '
Table 2. Comparison of capsular and intratesticular RI of patients
. Before surgeries After surgeries
Variables - - - - p-value
MedianzIQR Min Max Median+IQR Min Max
Intratesticular RI 0.56+0.03 0.52 0.64 0.52+0.03 0.50 0.60 <0.001
Capsular RI 0.58+0.03 0.53 0.66 0.54+0.04 0.51 0.63 <0.001

Table 3. Comparison of capsular and intratesticular R1 in improved and non-improved sperm parameters

Improved sperm parameters (n=42)

Non-improved sperm parameters (n= 24)

Variables - - - - p-value
Median+IQR Min Max MedianIQR Min Max

Intratesticular RI 0.51+0.02 0.50 0.58 0.54+03 0.50 0.60 <0.001

Capsular RI 0.53+0.03 0.51 0.59 0.56+0.03 0.51 0.62 <0.001
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tively affect their fertility. Measurements of par-
enchymal perfusion and microvascular functions
of the testis through RI by CDUS have been re-
cently studied in different surveys. In a study by
Unsal et al. in 2007, 15 patients with varicocele
and 34 healthy controls were evaluated. Rl and
microvascular measurements in these patients
showed that increased RI and Pl of capsular
branches of testicular arteries on spectral Doppler
ultrasound may be an indicator of impaired testic-
ular microcirculation in patients with clinical var-
icocele (17). In another study by Akcar et al., 27
men with varicocele and 31 infertile controls were
evaluated. They indicated that the RI and testicu-
lar volume of cases and controls were not signifi-
cantly different (18). These results are in line with
the findings of our study. They emphasized on
this issue that no significant differences could be
observed between testicular RI of infertile men
and men with varicocele and also suggested that
RI measurements could be an important diagnos-
tic method for men with subclinical varicocele. A
study was conducted by Tarhan et al. in 2009 in
Turkey on 62 patients with a clinical diagnosis of
left varicocele. They showed that testicular mi-
crovascularization is an important factor in males’
infertility. Furthermore, they declared that testicu-
lar blood flow decreased in varicocele which
might have responded to therapeutic surgeries
(19). In this study, the patients who underwent
varicocelectomy had decreased capsular and intra-
testicular RI in comparison to their condition be-
fore the surgeries which is similar to above find-
ings of previous studies.

Different lines of evidence have evaluated mi-
crovascular characteristics of testis in infertile
men with varicocele and showed increased capsu-
lar and intratesticular RI among them (20, 21) but
very few studies have evaluated the effects of var-
icocelectomy on these parameters. Ener et al.
compared the results of semen analysis and also
CDUS parameters before and after varicocelecto-
my among 30 men. They showed that the results
of semen analysis significantly improved after
varicocelectomy. They also showed that the re-
sistance parameters, Rl and PI, decreased signifi-
cantly in patients after surgeries and no statistical-
ly significant difference in vascular parameters
was seen between the patients with improved and
unimproved semen parameters (22). These results
are somehow in line with the findings of our
study. Along with significant improvements in
patients’ semen and also decreased capsular and
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intratesticular RI, lower RI indexes were seen in
patients which were not in line with the findings
of Ener et al. These differences could be due to
the study population and also the grade of varico-
cele in patients. Balci et al. also emphasized the
importance of Rl measurements in patients with
varicocele using CDUS and showed that a signifi-
cant improvement occurred in testicular blood
flow and sperm parameters after surgical varico-
cele repair (23). Significantly decreased RI and
improved sperm indexes resulted from varico-
celectomy which are in line with the findings of
our study.

In another study by Akand et al. in 2017, 33 pa-
tients with varicocele were evaluated for vascular-
ization and sperm parameters before and after var-
icocelectomy. Along with the significant decrease
in pain score in patients, both intratesticular and
capsular RI decreased significantly after surgeries.
These changes were also associated with improve-
ments in sperm parameters. Similar to our study,
they also declared that Rl is a useful parameter for
detecting changes in testicular microhemodynam-
ics after varicocelectomy (24). A key point of our
study was that Rl decreased more in patients with
improved semen indexes compared with other
patients. On the other hand, Semiz et al. showed
that RI, PI, and EDV values of capsular and intra-
parenchymal branches of testicular arteries may
not be used as indicators of deterioration of semen
parameters. These results were obtained after
evaluation of 50 patients with clinically diagnosed
varicocele (25). It seems that such differences
could be due to clinical conditions of patients or
differences in the number and population charac-
teristics of the patients.

Conclusion

Taken together, it was shown that increased RI
might be associated with impaired microperfusion
in testis followed by impairments in semen. Mean
capsular and intratesticular RI in patients de-
creased after surgeries and this decrease was sig-
nificantly more in patients who had improvement
in their sperm parameters. These data suggest that
RI measurements could be an important diagnos-
tic and follow up tool for patients and physicians
should pay much attention to this method.

Acknowledgement
We should thank the staff of Clinical Research
Development Unit of Poursina Hospital, Guilan
University of Medical Sciences, Rasht, Iran for

J Reprod Infertil, Vol 22, No 2, Apr-Jun 2021 | | IR 113

Arul-mammy/:dny wody papeojumog


file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/99/Sadeghi%20Joni/Sadeghi%20Joni%203_____29_10_99_____M/manuscript%20(4).docx%23_ENREF_17
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/99/Sadeghi%20Joni/Sadeghi%20Joni%203_____29_10_99_____M/manuscript%20(4).docx%23_ENREF_18
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/99/Sadeghi%20Joni/Sadeghi%20Joni%203_____29_10_99_____M/manuscript%20(4).docx%23_ENREF_19
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/99/Sadeghi%20Joni/Sadeghi%20Joni%203_____29_10_99_____M/manuscript%20(4).docx%23_ENREF_20
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/99/Sadeghi%20Joni/Sadeghi%20Joni%203_____29_10_99_____M/manuscript%20(4).docx%23_ENREF_21
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/99/Sadeghi%20Joni/Sadeghi%20Joni%203_____29_10_99_____M/manuscript%20(4).docx%23_ENREF_22
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/99/Sadeghi%20Joni/Sadeghi%20Joni%203_____29_10_99_____M/manuscript%20(4).docx%23_ENREF_23
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/99/Sadeghi%20Joni/Sadeghi%20Joni%203_____29_10_99_____M/manuscript%20(4).docx%23_ENREF_24
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/99/Sadeghi%20Joni/Sadeghi%20Joni%203_____29_10_99_____M/manuscript%20(4).docx%23_ENREF_25

JRI Testicular Resistance Index in Infertile Men

providing the possibility of data collection and
also Dr. Zahra Pourhabibi for her consultations
regarding data analysis of this project.

Conflict of Interest
None.

References
1. Alsaikhan B, Alrabeeah K, Delouya G, Zini A. Epi-
demiology of varicocele. Asian J Androl. 2016;18
(2):179-81.
2. Jensen CFS, @stergren P, Dupree JM, Ohl DA,
Sgnksen J, Fode M. Varicocele and male infertility.
Nat Rev Urol. 2017;14(9):523-33.

3. Damsgaard J, Joensen UN, Carlsen E, Erenpreiss J,
Jensen MB, Matulevicius V, et al. Varicocele is
associated with impaired semen quality and repro-
ductive hormone levels: a study of 7035 healthy
young men from six European countries. Eur Urol.
2016;70(6):1019-29.

4. Pallotti F, Paoli D, Carlini T, Vestri A, Martino G,
Lenzi A, et al. Varicocele and semen quality: a
retrospective case—control study of 4230 patients
from a single centre. J Endocrinol Invest. 2018;
41(2):185-92.

5. Cho CL, Esteves SC, Agarwal A. Novel insights
into the pathophysiology of varicocele and its as-
sociation with reactive oxygen species and sperm
DNA fragmentation. Asian J Androl. 2016;18(2):
186-93.

6. Agarwal A, Sharma R, Harlev A, Esteves SC. Effect
of varicocele on semen characteristics according to
the new 2010 World Health Organization criteria: a
systematic review and meta-analysis. Asian J And-
rol. 2016;18(2):163-70.

7. Gruhot TR, Rempel LA, White BR, Mote BE. The
effect of varicocele on semen quality in boars ex-
posed to heat stress. Transl Anim Sci. 2020;4(1):
293-8.

8. Cocuzza MS, Tiseo BC, Srougi V, Wood GJ,
Cardoso JP, Esteves SC, et al. Diagnostic accuracy
of physical examination compared with color Dop-
pler ultrasound in the determination of varicocele
diagnosis and grading: impact of urologists’ ex-
perience. Andrology. 2020;8(5):1160-6.

9. Rocher L, Gennisson JL, Barranger J, Rachas A,
Criton A, lzard V, et al. Ultrasensitive Doppler as a
tool for the diagnosis of testicular ischemia during
the Valsalva maneuver: a new way to explore
varicoceles? Acta Radiol. 2019;60(8):1048-56.

10. Alsyouf MM, Stokes PK, Ko EY. Imaging and
other diagnostic modalities in varicocele diagnosis.
In: Esteves SC, Cho CL, Majzoub A, Agarwal A,
editors. Varicocele and male infertility. USA:
Springer; 2019. p. 123-35.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Hamada A, Esteves SC, Agarwal A. Varicocele
classification. In: Esteves SC, Cho CL, Majzoub A,
Agarwal A, editors. Varicocele and male infertility.
USA: Springer; 2016. p. 37-43.

Rocher L, Gennisson JL, Ferlicot S, Criton A, Al-
biges L, Izard V, et al. Testicular ultrasensitive Do-
ppler preliminary experience: a feasibility study.
Acta Radiol. 2018;59(3):346-54.

Aguilar-Garcia J, Cano-Gonzalez H, Martinez-Ji-
ménez M, de la Rosa-Zapata F, Sanchez-Aguilar
M. Unilateral Lichtenstein tension-free mesh her-
nia repair and testicular perfusion: a prospective
control study. Hernia. 2018;22(3):479-82.

Jedrzejewski G, Osemlak P, Wieczorek AP, Na-
chulewicz P. Testicular sonographic color Doppler
dynamic tissue perfusion measurements in adoles-
cents with varicocele. Urol Int. 2019;103(1):55-61.

Kohn TP, Kohn JR, Pastuszak AW. Varicocelec-
tomy before assisted reproductive technology: are
outcomes improved? Fertil Steril. 2017;108(3):
385-91.

Kohn TP, Ohlander SJ, Jacob JS, Griffin TM, Li-
pshultz LI, Pastuszak AW. The effect of sub-
clinical varicocele on pregnancy rates and semen
parameters: a systematic review and meta-analysis.
Curr Urol Rep. 2018;19(7):53.

Unsal A, Turgut AT, Tagkin F, Kosar U, Karaman
CZ. Resistance and pulsatility index increase in
capsular branches of testicular artery: indicator of
impaired testicular microcirculation in varicocele?
J Clin Ultrasound. 2007;35(4):191-5.

Akcar N, Turgut M, Adapinar B, Ozkan IR.
Intratesticular arterial resistance and testicular
volume in infertile men with subclinical varicocele.
J Clin Ultrasound. 2004;32(8):389-93.

Tarhan S, Giimiis B, Giindiiz I, Ayyildiz V, Goktan
C. Effect of varicocele on testicular artery blood
flow in men color doppler investigation. Scand J
Urol Nephrol. 2003;37(1):38-42.

Hassan A, Gad HM, Mostafa T. Radiologically
assessed testicular changes in infertile males with
varicocele. Andrologia. 2011;43(50:307-11.

Zhang M, Du L, Liu Z, Qi H, Chu Q. The effects
of varicocelectomy on testicular arterial blood
flow: laparoscopic surgery versus microsurgery.
Urol J. 2014;11(5):1900-6.

Ener K, Ucgiil YE, Okulu E, Aldemir M, Isik E,
Kayigil O, et al. Comparison of arterial blood
supply to the testicles in the preoperative and early
postoperative period in patients undergoing sub-
inguinal varicocelectomy. Scand J Urol. 2015;49
(2):169-73.

Balci A, Karazincir S, Gorur S, Sumbas H, Egi-
Imez E, Inandi T. Long-term effect of varicocele

114 S 5 Reprod Infertil, Vol 22, No 2, Apr-Jun 2021

Arul-mammy/:dny wody papeojumog



24.

Dalili AR, et al. [NIRdl

repair on intratesticular arterial resistance index. J 25. Semiz |, Tokgéz O, Tokgoz H, Voyvoda N, Ser-

Clin Ultrasound. 2008;36(3):148-52.

Akand M, Koplay M, Islamoglu N, Altintas E,
Kilic O, Gul M, et al. Color Doppler ultrasound
characteristics after subinguinal microscopic vari-

cocelectomy. Med Ultrason. 2017;19(1):59-65. 30(1):33-40.

J Reprod Infertil, Vol 22, No 2, Apr-Jun 2021 [ | I

ifoglu 1, Erdem Z. The investigation of correlation
between semen analysis parameters and intrapar-
enchymal testicular spectral Doppler indices in pa-
tients with clinical varicocele. Ultrasound Q. 2014;

115

A ul-mamy/:dny woly papeojumoq



