
T
A
S
N
F

O

M

R

C

I
i

d
o
a
O
a
t
t
s

a
m

F
V

S
E

©

Pediatric Urology

esticular Catch-up Growth
fter Varicocelectomy: Does
urgical Technique Make a Difference?

icola Zampieri, Alberto Mantovani, Alberto Ottolenghi, and
rancesco Saverio Camoglio

BJECTIVES Catch-up growth of the affected testis in adolescents after varicocele repair has been well
documented. Many investigators have found evidence that testicular hypotrophy related to
varicocele can be reversed by early intervention. The aim of this study was to analyze the
testicular catch-up growth rate in pediatric patients, correlating it with patient age at surgery,
varicocele size, procedures used, and semen quality.

ETHODS Between March 1990 and September 2006, a total of 465 varicocelectomies were performed at
our department. We evaluated the mean testicular volume before and after varicocelectomy in
patients aged 9-14 years. Two procedures were used: laparoscopic artery-preserving varicocelec-
tomy (group 1) and open inguinal microscopic artery-preserving varicocelectomy with a venous–
venous bypass (group 2). The testicular volume was measured before and after surgery using
ultrasonography, and the mean testicular catch-up growth was recorded.

ESULTS Although the overall catch-up growth rate for both groups was 80%, after 18 months, only 45%
of patients in group 1 and 34% of patients in group 2 had equal bilateral testicular volume. None
of these procedures showed a statistically significant correlation with age at surgery, varicocele
size, or catch-up rate. The semen analysis results did not show statistically significant differences
between the 2 groups.

ONCLUSIONS Although 80% of patients demonstrated testicular catch-up, with a different distribution de-
pending on the procedure type used but without statistically significant differences, only 32% of
patients had complete and real testicular volume catch-up. UROLOGY 73: 289–292, 2009. © 2009

Published by Elsevier Inc.
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diopathic varicocele is the most commonly diagnosed
peripubertal andrologic disease and the most com-
monly treatable cause of male-related impaired fertil-

ty potential.1

It is now accepted that the treatment of varicocele
uring childhood should be concomitant with the onset
f ipsilateral testicular hypotrophy (or testicular growth
rrest) and when varicocele is accompanied by pain.
bviously, changes in semen quality are not considered

s a parameter for surgery in pediatric patients, although
hey remain the first indication for surgery in adult pa-
ients, or as soon as patients are old enough to provide a
ample for semen analysis.2

Catch-up growth of the affected testis in adolescents
fter varicocele repair has been well documented, and
any investigators have found evidence that testicular
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ypotrophy related to varicocele can be reversed by early
ntervention.3-5

Recently, different studies have reported a catch-up
rowth rate of 60%-89% in treated patients, suggesting a
orrelation between semen analysis and fertility improve-
ent.3-7

Through a retrospective analysis, the aim of this study
as to analyze the testicular catch-up growth rate in
ediatric patients and to correlate it with patient age at
urgery, varicocele size, procedures used, and semen qual-
ty after surgery.

ATERIAL AND METHODS

rom March 1990 to September 2006, a total of 465 varicoce-
ectomies were performed at our department.

All patients aged 9-14 years underwent surgery for ipsilateral
esticular hypotrophy. The varicocele was classified as follows:
rade 1, palpable varicocele only with a Valsalva maneuver;
rade 2, palpable varicocele without a Valsalva maneuver; grade
, visible varicocele. Testicular hypotrophy was defined as a
esticular volume loss of �20% compared with the contralateral

estis, assessed using the Siemens Sonoline Elegra Ultrasound
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maging System (Siemens AG, Munich, Germany) with a 7.5-
Hz probe. Measurements of the testicular length, width, and

eight were obtained using electronic calipers. The testicular
olume was estimated with the formula for a prolate ellipsoid
volume in cm3 � 523 � length � weight � height).

The inclusion criteria for this study were patient age of 9-14
ears, left varicocele, testicular hypotrophy at ultrasound, no
revious infections of the urinary system, no previous testicular
rauma or previous inguinal and scrotal surgery, no neurologic
r metabolic diseases, and complete follow-up data (3, 6, and 18
onths after surgery). Recurrence and persistence of varicocele,

esticular atrophy after surgery, and hydrocele were the exclu-
ion criteria.

The long-term results were recorded for the patients who
nderwent semen analysis (at 18 years of age) to determine the
emen quality and long-term testicular catch-up growth rate.
tatistical analysis was performed to compare the testicular
olume before and after surgery. The results were compared
ith the seminal data. The semen was collected by masturba-

ion after 3-4 days of abstinence and processed within 1 hour
rom ejaculation. A minimum of 2 specimens were collected
rom each patient, separated by a 4-week interval. The analysis
ocused specifically on sperm motility and form.2

Because of the variety of procedures used at our institution to
reat varicocele, we focused our analysis only on those tech-
iques that preserve the testicular artery. This criterion was also
sed because a recent study by Zampieri et al.2 suggested treat-
ng varicocele with testicular hypotrophy to preserve the sper-
atic artery.
In the present study, 2 techniques were compared: laparo-

copic artery-preserving varicocelectomy and open inguinal mi-
roscopic artery-preserving varicocelectomy with a venous–ve-
ous bypass.
All medical charts were reviewed. The following parameters

ere considered: the mean testicular volume before and after
urgery for both sides, the catch-up growth rate for both tech-
iques, and the correlation between the catch-up growth rate
nd patient age at surgery and varicocele size.

All testicular measurements were performed on ultrasound
cans using the Siemens Sonoline Elegra Ultrasound Imaging
ystem (Simens) with a 7.5-MHz probe.
Statistical analysis was performed using the Student t test, the

2 test, and Fischer’s exact tests. Significance value was set at
� 0.05. The analysis was conducted with the Statistical

ackage for Social Sciences, version 15 for Windows (SPSS,
hicago, IL).

ESULTS
fter a review of the medical charts, and in compliance
ith the inclusion and exclusion criteria, 225 patients
ith a left varicocele were considered for the present

tudy. Of these 225 patients, 97 underwent laparoscopic
rtery-preserving varicocelectomy (group 1), and 124 un-
erwent microsurgical varicocelectomy (group 2).

None of the patients had grade 1 varicocele; 60 had
rade 2 and 165 had grade 3 varicocele. Testicular hyp-
trophy correlated strictly with the varicocele grade
grades 2 and 3 vs 1) but not specifically with grade 2 vs
(P � .05).
Surgical complications, which were exclusion criteria,
ccurred as follows: 4 cases of hydrocele and 1 recurrence i

90
n the laparoscopic group (group 1) and 8 cases of hy-
rocele, 3 recurrences, and 2 cases of testicular atrophy in
he microsurgical group (group 2). No case of persistence
as recorded after either technique.
In group 1, the mean preoperative left testicular vol-

me was 6 � 2 cm3 and the mean right testicular volume
as 8 � 1.2 cm3. At 18 months after surgery, the mean

eft testicular volume was 7 � 1.5 cm3 and the mean right
esticular volume was 9.5 � 2 cm3. Of the 97 patients in
roup 1, 84 (85%) had statistically significant catch-up
rowth (P � .05) and 13 (15%) did not. At 18 months
fter surgery, only 38 (45%) of the 84 patients with
atch-up growth had equal bilateral testicular volumes.

In group 2, the mean preoperative left testicular vol-
me was 7 � 1.7 cm3 and the mean right testicular
olume was 8 � 2 cm3. At 18 months after surgery,
he mean left testicular volume was 8 � 0.7 cm3 and the
ean right testicular volume was 10.5 � 2.1 cm. Of the

24 patients in group 2, 99 (75%) had statistically sig-
ificant catch-up growth (P � .05) and 25 (25%) did
ot. At 18 months after surgery, 34 (34%) of the 99
atients with catch-up growth had equal bilateral testic-
lar volumes.
The overall catch-up growth rate for both groups was

0%. This result is in line with previously reported data,
lthough neither of the 2 procedures seemed to correlate
ith a greater catch-up rate (P � .18). None of the study
atients had testicular hypertrophy after varicocelec-
omy. A review of the medical charts, especially for those
atients who underwent semen analysis (56 patients),
howed that the data for the testicular catch-up growth
ate were also confirmed after a mean of 40 months after
urgery.

None of the procedures used showed a statistically
ignificant correlation between patient age at surgery,
aricocele size, and catch-up rate (P � .05).
As described in a previous study,8 for patients

reated with a microsurgical technique, it was possible
o demonstrate the long-term patency of microsurgical
nastomoses between the internal spermatic vein and
he inferior epigastric vein using color flow Doppler ul-
rasonography at 18 months after surgery.

A total of 56 patients underwent semen analysis. Of these
atients, 32 had undergone laparoscopic varicocelectomy
nd 24 microsurgical varicocelectomy. In group 1, 13 pa-
ients had normalization of the testicular volume compared
ith the contralateral, and 19 patients did not. In group 2,
4 patients had normalization of the testicular volume and
0 did not. No statistical correlation was found between
atient age at surgery, testicular volume, and the seminal
arameters after surgery between the 2 groups (laparoscopic
s microsurgical technique). No statistically significant dif-
erence was found in semen quality between patients show-
ng normalization of testicular volume compared with their
ontralateral testis and patients with “partial” testicular
atch-up growth. As previously described in our other stud-

es, we also found in the present study that the semen

UROLOGY 73 (2), 2009
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U

uality for patients with varicocele does not correlate with
ither testicular hypotrophy or varicocele grade. Neither
aricocele grade nor testicular volume at surgery was pre-
ictive of low sperm motility or a high or low percentage of
nomalous spermatozoa.

OMMENT
any investigators have reported a correlation between

psilateral testicular hypotrophy and varicocele in adoles-
ent and adult patients.8-12

Testicular hypotrophy related to varicocele is the ob-
ective indication to correct a varicocele at any age;
owever, the relationship between testicular hypotrophy
or testicular growth arrest) and the fertility status of the
atient has not yet been established.
Many recent studies have shown an association be-

ween abnormal semen parameters, especially total mo-
ile sperm counts and form, and testicular hypotrophy in
nfertile men. However, the difference between the right
nd left testicular volume did not differ between fertile
nd infertile men with varicocele.13-15

Regarding the outcomes of varicocelectomy, testic-
lar volume catch-up is one of the most important
ndpoints. In the pediatric age group, when it is not
ossible to perform preoperative semen analysis, no
linical criteria are available to properly define the
ostoperative outcomes. Therefore, and because the role
f varicocelectomy is to stop vein reflux, the improve-
ent in the testicular volume is considered the main

utcome measure.
According to the data collected during the present

tudy, although progressive testicular catch-up growth
ccurred, only 45% of group1 patients and 34% of group
patients had equal bilateral testicular volume at 18
onths postoperatively.
Thus, although 80% of patients had testicular catch-up

rowth, with a different distribution depending on the
rocedure type used but without statistically significant
ifferences, only 32% (72 patients) had complete and
eal testicular volume catch-up growth. Also, comparing
he pre- and postvaricocelectomy testicular volume in
he remaining patients, the testicular catch-up growth
roved to be only partial. This cannot be considered an
ptimal outcome.
Consequently, although it was not possible to determine
statistically significant difference between the values be-

ore and after surgery, it is clear that this situation can be
nterpreted differently. For instance, the arrested testis con-
inued to grow but more slowly than the contralateral testis
ot affected by varicocele, and this is the reason varicoce-

ectomy did not result in a good outcome. Conversely,
omplete testicular catch-up growth (with equal right and
eft testicular volumes) resulted because of hindrance to
lood flow or blood stasis within the gonad rather than an
ctual increase in testicular parenchyma. According to
ome investigators, this intraparenchymal stasis could

lso explain the increase in testicular volume as well as

ROLOGY 73 (2), 2009
he onset of postvaricocelectomy hypertrophy. Other in-
estigators have also reported that testicular catch-up
oes not correlate with improved semen quality in all
atients.14,16,17

If testicular catch-up can be strictly related to intraparen-
hymal blood stasis, this could also explain the different
atch-up rates depending on which surgical procedure is
sed. Laparoscopic ligation, performed higher than the in-
uinal approach, revealed better relative catch-up rates.
herefore, upper ligation apparently improves blood stasis
ven if the failed testicular catch-up growth might be caused
y the surgical procedure itself. Although impossible to
emonstrate, unlike testicular atrophy, which could be a
econdary event related to surgery, this is an important
nding to be kept in consideration.

The data collected also show some of the limits of this
tudy. The present study compared 2 surgical artery-
reserving techniques. The data might be different if
atients undergoing varicocelectomy with complete ar-
ery ligation could be observed and compared. Also, not
ll patients completed follow-up. This might have af-
ected the study results, but the data were not different in
he subjects completing follow-up and undergoing a fol-
ow-up visit once they were 18 years old.

Although published studies have reported postvarico-
electomy testicular catch-up in most patients, this find-
ng might not represent actual testicular trophism. An
mportant, although preliminary, finding of the present
tudy is that testicular catch-up growth and semen quality
re independent variables. As many other studies have
hown, testicular hypotrophy does not always correlate
ith alterations in semen quality14,18; thus, despite the

emen data collected in the present study, it seems logical
o suppose that testicular catch-up growth also does not
orrelate with semen quality. Additional (multicenter)
tudies comparing different surgical techniques and in-
luding complete semen analysis are necessary before it is
ossible to discuss actual testicular catch-up growth.

eferences

1. Lund L, Tang YC, Roebuck D, et al. Testicular catch-up growth
after varicocele correction in adolescents. Pediatr Surg Int. 1999;15:
234-237.

2. Zampieri N, Corroppolo M, Zuin V, et al. Longitudinal study of
semen quality in adolescents with varicocele: to treat or not?
Urology. 2007;70:989-993.

3. Sakamoto H, Ogawa Y, Yoshida H. Relationship between testicular
volume and varicocele in patients with infertility. Urology. 2008;
71:104-109.

4. Sakamoto H, Saito K, Ogawa Y, et al. Effects of varicocele repair in
adults on ultrasonographically determined testicular volume and on
semen profile. Urology. 2008;71:485-489.

5. Kass EJ, Belman AB. Reversal of testicular growth failure by vari-
cocele ligation. J Urol. 1987;137:475-476.

6. Atassi O, Kass EJ, Steinert BW. Testicular growth after success-
ful varicocele correction in adolescents: comparison of artery
sparing techniques with the Palomo procedures. J Urol. 1995;

153:482-483.

291



1

1

1

1

1

1

1

1

1

2

7. Kass EJ, Stork BR, Steinert BW. Varicocele in adolescence induces
left and right testicular volume loss. Br J Urol Int. 2001;87:400-501.

8. Camoglio FS, Cervellione RM, Bruno C, et al. Microsurgical sper-
matico-epigastric venous anastomosis in the treatment of varico-
cele in children: assessment of long-term patency. Eur J Pediatr
Surg. 2003;13:256-259.

9. Gentile DP, Cockett ATK. The effect of varicocelectomy on
testicular volume in 89 fertile adult males with varicocele. Fertil
Steril. 1992;58:756-762.

0. Culha M, Mutlu N, Acar O, et al. Comparison of testicular vol-
umes before and after varicocelectomy. Urol Int. 1998;60:220-223.

1. Pasqualotto FF, Lucon AM, de Goes PM, et al. Testicular growth,
sperm concentration, percent motility, and pregnancy outcome
after varicocelectomy based on testicular histology. Fertil Steril.
2005;83:362-366.

2. Papanikolaou F, Chow V, Jarvi K, et al. Effect of adult microsur-
gical varicocelectomy on testicular volume. Urology. 2000;56:136-

139.

92
3. Pinto KJ, Kroovand RL, Jarow JP. Varicocele related testicular
atrophy and its predictive effect upon fertility. J Urol. 1994;152:
788-790.

4. Zucchi A, Mearini L, Mearini E, et al. Varicocele and fertility:
relationship between testicular volume and seminal parameters
before and after treatment. J Androl. 2006;27:548-551.

5. Cayan S, Akbay E, Bozlu M, et al. The effect of varicocele repair on
testicular volume in children and adolescents with varicocele.
J Urol. 2002;168:731-734.

6. Gershbein AB, Horowitz M, Glassberg KI. The adolescent varico-
cele I: Left testicular hypertrophy following varicocelectomy.
J Urol. 1999;162:1447-1449.

7. Lund L, Roebuck DJ, Lee KH, et al. Clinical assessment after
varicocelectomy. Scand J Urol Nephrol. 2000;34:119-122.

8. Wu AK, Walsh TJ, Phonsombat S, et al. Bilateral but not unilat-
eral testicular hypotrophy predicts for severe impairment of semen
quality in men with varicocele undergoing infertility evaluation.

J Urol. 2008;71:1114-1118.

UROLOGY 73 (2), 2009


	Testicular Catch-up Growth After Varicocelectomy: Does Surgical Technique Make a Difference?
	MATERIAL AND METHODS
	RESULTS
	COMMENT
	References


