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cord in boys
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ABSTRACT

Objective To evaluate the effect of inguinal hernia (IH) on
the spermatic cord using spermatic cord ultrasonography
(SCU).

Methods From January 2016 to January 2017, boys with
IH who received SCU at the start of open herniorrhaphy
(OH) were enrolled in this study. The age and weight at
SCU, width of the spermatic cord (SC-W), peak systolic
velocity (PSV) in the spermatic artery (SA-PSV) and velocity
in the pampiniform plexus (PP-V), and the interval between
the initial and the second OH in boys with metachronous
inguinal hernia (MIH) were recorded, and the relationship
among them was studied. Boys with unilateral IH
comprised the IH group, and boys with MIH comprised the
MIH group. Boys with polydactylism served as the control.
One-way analysis of variance tested the differences among
groups. Spearman’s r tested the relationship between
SC-W in the MIH group and the interval.

Results A total of 80 boys were enrolled in this study

(IH group 29, MIH group 26, and control group 25). SA-
PSV and PP-V in the hernia side were faster and slower
than the control, respectively. There was no significant
difference in PP-V and SA-PSV of the treated side in the
MIH group and in the control group. After herniorrhaphy,
SC-W was tapered down to normal size. SC-W, SA-PSV,
and PP-V in the treated side were all highly correlated to
the interval in a curvilinear manner.

Conclusion PSV was positively correlated with SC-W

in boys with IH, and PP-V was negatively correlated;
herniorrhaphy could reverse the impairment.

INTRODUCTION

Pediatric inguinal hernia (IH) is the most
common congenital defect in daily practice.
An IH or hydrocele may impair testicular
blood flow, and preoperative testicular blood
flow in the hernia-sided testicle is signifi-
cantly reduced compared with the normal-
side testicle."™ Fortunately, the blood flow is
normalized through herniorrhaphy.” As far as
we know, no previous study has investigated
the blood flow of hernia-sided spermatic cord.
Thickened spermatic cord that accompanies
IH in boys is well documented, but whether
herniorrhaphy can reverse this phenomenon
is unknown yet.* The effect of IH on the sper-
matic cord is still unclear. Ultrasonography is

a safe and non-invasive method to visualize
and evaluate the spermatic cord,”® so we eval-
uated the effect of IH on the spermatic cord
using spermatic cord ultrasonography.

METHODS

From January 2016 to January 2017, boys aged
1-2 years with IH who received an ultrasound
examination at the start of open hernior-
rhaphy in the operation room of the Depart-
ment of Ambulatory Surgery were enrolled in
this study. The age and weight at spermatic
cord ultrasonography, sonographic width
of the spermatic cord, peak systolic velocity
(PSV) in the spermatic artery (SA-PSV) and
velocity in the pampiniform plexus (PP-V),
and the interval between the initial and the
second open herniorrhaphy (interval) in boys
with metachronous inguinal hernia (MIH)
were recorded, and the relationship among
them was studied. Boys with initial unilateral
IH comprised the IH group, and boys with
MIH comprised the MIH group. Twenty-five
boys with polydactylism served as the control.

Spermatic cord ultrasonography

Both sides of the spermatic cord were exam-
ined by one radiologist (attending doctor) and
her assistant (fellow) in the operation room
of the Department of Ambulatory Surgery
using a 7.5 MHz linear transducer at the start
of open herniorrhaphy. The radiologist was
blind to the clinical diagnosis, but her assistant
was not. Grayscale ultrasound was performed
to show long-axis section of the spermatic
cord, then color Doppler flow imaging was
performed to show the flow signal with the
scale adjusted to 2 mm/s. The cremaster
muscles were clearly shown (hypoechoic by
grayscale ultrasound). At the external ring,
we measured the diameter between the inner
edges of the cremaster muscles. The diam-
eter of the cord was recorded. The velocities
of the spermatic artery (the largest one) and
the pampiniform plexus were measured by
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Table 1 Comparison of age and weight among groups
Age (month) Weight (kg)

IH group 16.9+2.9 11.3+1.7

MIH group 18.3+3.9 11.7£1.6

Control group 17.5+4.0 10.7+1.8

F value 1.046 2.333

P value 0.356 0.104

Values are mean+SD. One-way ANOVA was performed among
groups, and there was no significant difference between groups
according to Dunnett’s T3 analysis following one-way ANOVA.
ANOVA, analysis of variance; IH, inguinal hernia; MIH,
metachronous inguinal hernia.

pulse wave Doppler (PWD). SA-PSV and PP-V were also
recorded at the external ring level.

Open herniorrhaphy

The procedures were performed under caudal anes-
thesia combined with intravenous anesthesia. Briefly, a
small transverse dermatoglyphic incision was made on
the hernia side, and then the Scarpa’s fascia was spread.
The external oblique was kept intact and the cord was
identified near the external ring. As soon as the sac was
identified and opened, and the deferent duct and vessels
were bluntly separated toward the neck of the sac. Then,
the sac was only doubly ligated without resection, and the
thickness of the empty sac was measured. Finally the inci-
sion was closed with one single suture.

Statistical analysis

Continuous data are expressed as mean+SD and were
analyzed using one-way analysis of variance (ANOVA)
followed by least significant difference (LSD). Logistic
regression was used to assess the association between the
width of the treated side spermatic cord, SA-PSV and PP-V
and the interval, respectively. Spearman’s rank correla-
tion coefficient (Spearman’s r) was used to examine the
relationship among the width of the spermatic cord, the
interval, and velocities of spermatic vessels. P<0.05 was
considered statistically significant. Statistical analyses
were performed with SPSS (IBM SPSS Statistics V.22).

RESULTS

A total of 80 boys were enrolled in this study (IH group,
n=29; MIH group, n=26; and control group, n=25). The
age and weight at spermatic cord ultrasonography were
not significantly different among the groups (table 1).
The sonographic widths of hernia-sided spermatic cord
of the IH group, normal side of the IH group, treated side
of the MIH group, and the control were 0.61+0.12 cm,
0.14+0.04 cm, 0.25+0.11 cm, and 0.15+£0.04 cm, respec-
tively (one-way ANOVA, p<0.001). Significant differences
were identified in SA-PSV and PP-V, respectively, among
the groups (one-way ANOVA, p<0.001). Furthermore,
SA-PSV in the hernia side of the IH group (7.90+2.07
cm/s) was faster than the control group (6.48+1.92 cm/s;
LSD following one-way ANOVA, p=0.002), in the normal
side (5.60+1.55 cm/s) was slightly slower than the control
(LSD following one-way ANOVA, p=0.055), and there was
no significant difference in SA-PSV between the treated
side of the MIH group (6.27+1.02 cm/s) and the control
(LSD following one-way ANOVA, p=0.650). PP-V in the
hernia side of the IH group (2.75+0.65 cm/s) was slower
than the control (3.24+1.13 cm/s; LSD following one-way
ANOVA, p=0.036), there was no significant difference
between the normalside (3.68+1.03 cm/s) and the control
(LSD following one-way ANOVA, p=0.057), and there was
no significant difference in PP-V of the treated side of
the MIH group (3.17£0.59 cm/s) and the control group
(LSD following one-way ANOVA, p=0.752) (table 2).
Following herniorrhaphy, the widths of the treated side
spermatic cord, SA-PSV, and PP-V were all associated with
the interval in a curvilinear manner (r2:0.833, p<0.001;
’=0.317, p=0.005; and r’=0.748, p<0.001, respectively)
(figures 1 and 2). SA-PSV, PP-V, and the width of the sper-
matic cord was highly correlated to the interval (Spear-
man’s r=—0.581, p=0.002; r=0.865, p<0.001; and r=-0.902,
p<0.001, respectively). SA-PSV and PP-V was highly corre-
lated to the width of the spermatic cord (r=0.621, p=0.001
and r=-0.790, p<0.001, respectively).

DISCUSSION

The spermatic cord is composed of the pampiniform
plexus, testicular artery, cremasteric artery, artery of the
ductus deferens, lymphatic vessels, testicular sympathetic
nerves, tunica vaginalis, or hernia sac, and the ductus

Table 2 Comparison of velocity in spermatic cord vessels (cm/s) among groups

IH group MIH group
Variables Hernia side Normal side Hernia side Treated side Control F value P value
SA-PSV* 7.90+2.07 5.60+1.55 8.20+1.40 6.27+1.02 6.48+1.92 12.603 <0.001
PP-VT 2.75+0.65 3.68+1.03 2.71+0.64 3.17+0.59 3.24+1.13 6.295 <0.001

Values are mean+SD.

*One-way ANOVA (SA-PSV among the IH group, MIH group and control).
TOne-way ANOVA (PP-V among the IH group, MIH group and control).
ANOVA, analysis of variance; IH, inguinal hernia; MIH, metachronous inguinal hernia; PP-V, velocity in pampiniform plexus; SA-PSV, peak

systolic velocity in spermatic artery.
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Figure 1 Correlation between the interval during the initial
and the second open herniorrhaphy and the width of the
treated side spermatic cord.

deferens all run deep to the internal spermatic fascia.’

The cord is invested completely with cremasteric muscle
and fascia. At the external ring, the cord is characterized
by numerous external spermatic veins and multiple sper-
matic arteries,8 Y50 itis convenient to use ultrasonography
to evaluate the thickness and blood flow of the spermatic
cord at the external ring level.

Cremasteric muscle hypertrophy accompanies IH
in children in the manner of fiber size variation and
increase in perimysial connective tissue.'” ! Therefore,
we measured the diameter between the inner edges of
the cremaster muscles of the cord. Except for cremaster
muscles, our observation found that the hernia-sided
spermatic cord was still thickened, and spermatic cord

Correlation between Interval and Velocity
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Figure 2 Correlation between the interval during the
initial and the second open herniorrhaphy and blood flow
of the treated side spermatic cord vessels. PP-V, velocity
in pampiniform plexus; SA-PSV, peak systolic velocity in
spermatic artery.

thickening could gradually reverse after herniorrhaphy.
The amount of smooth muscle was greater in the hernia
sac group where it appeared as a layer; and in contrast,
the smooth muscle present in the form of sparse bundles
around the connective tissue in the processus vaginalis.'*
The sac was only doubly ligated without resection, and the
thickness of the sac was less than 2 mm (data not shown),
measured during surgery. So the content between the
cremaster muscles and the sac contributed to the thick-
ening, and the spermatic vessels were the major constit-
uent of the content.

The tendency of testicular ischemia in infants with
IH is mostly due to vascular structures where there is
no rich collateral vessel network of the testicle."” '* The
hernia content in a relatively narrow inguinal canal could
trigger an intermittent mechanical compression effect on
the spermatic cord; furthermore, inflexible superficial
inguinal ring might lead to congestive testicular infarc-
tion with venous obstruction, especially in infants.”® So
we hypothesized that reducible inguinal mass that caused
an intermittent mechanical compression effect on the
spermatic cord would impair blood flow of the spermatic
cord.

Our investigation confirmed the hypothesis. At the
external ring level, we used PWD to measure PSV in
the biggest artery and PP-V. In the hernia side, SA-PSV
became faster and PP-V became slower. According to
anatomical physiology, the testis receives blood supply
primarily from the testicular artery, except for the artery
to the vas deferens and the cremasteric artery.” '* After
herniorrhaphy, PSV and PP-V reversed gradually. This
finding was consistent with previous studies, except that
they tested testicular blood flow.*'°

Our study has a very interesting finding, showing that
SA-PSV and PP-V in the treated side of the MIH group
were highly correlated to the width of spermatic cord.
After herniorrhaphy, SA-PSV could gradually slow down
with time and PP-V could gradually quicken accompa-
nied with tapering down of the width of the treated side
spermatic cord. Further investigations should be carried
out to reveal the mechanism underlying the correlation
between thickness and blood flow of the spermatic cord.

To the best of our knowledge, this is the first study to
reveal the correlation between thickness and blood flow
of the spermatic cord in boys with IH. PSV was positively
correlated with the width of the spermatic cord and PP-V
was negatively correlated; herniorrhaphy could reverse
the thickening and impairment of blood flow of the sper-
matic cord.

Acknowledgements The authors acknowledge all surgeons, anesthetists, and
ultrasound physicians who contributed to data collection, and the ward staff who
contributed to providing and caring for study patients.

Contributors SH and XY: study conception and design; CL, XY and DW: data
acquisition; JL: analysis and data interpretation; SH: drafting of the manuscript; SH
and DW: critical revision.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Huang S, et al. World Jnl Ped Surgery 2019;2:6000030. doi:10.1136/wjps-2018-000030

ybuAdod Aq parosioid 1senb Ag 1202 ‘6 Idy uo jwod fwg sdim//:dny woly pspeojumod "6T0Z SuNnC € U0 0£0000-8T02-sdIM9ETT 0T S paysiiand 1suiy :A186.nS pad UL PLOM


http://wjps.bmj.com/

6.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval This retrospective study was approved by the Institutional Review

Board of the Children's Hospital, Zhejiang University School of Medicine.

Provenance and peer review Not commissioned; externally peer reviewed.

El-Haggar S, Nassef S, Gadalla A, et al. Ultrasonographic
parameters of the spermatic veins at the inguinal and scrotal levels
in varicocele diagnosis and post-operative repair. Andrologia
2012;44:210-3.

7. Shadbolt CL, Heinze SB, Dietrich RB. Imaging of groin masses:

inguinal anatomy and pathologic conditions revisited. Radiographics
2001;21:5261-S271.

L ) o . ) 8. Cayan S, Kadioglu TC, Tefekli A, et al. Comparison of results and
Open.access This is an open access article .dlstrlbuted in accor.dance wﬂh the complications of high ligation surgery and microsurgical high
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which inguinal varicocelectomy in the treatment of varicocele. Urology
permits others to distribute, remix, adapt, build upon this work non-commercially, 2000;55:750-4.
and license their derivative works on different terms, provided the original work is 9. Hopps CV, Lemer ML, Schlegel PN, et al. Intraoperative varicocele
properly cited, appropriate credit is given, any changes made indicated, and the anatomy: a microscopic study of the inguinal versus subinguinal
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/. approach. J Urol 2003;170:2366-70. ,
10. Bingdl-Kologlu M, Tanyel FC, Akgdren Z, et al. A comparative
histopathologic and immunohistopathologic evaluation of cremaster
muscles from boys with various inguinoscrotal pathologies. Eur J
REFERENCES Pediatr Surg 2001;11:110-5.

1. Turgut AT, Olglctoglu E, Turan C, et al. Preoperative 11. Brisson P, Patel H, Feins N. Cremasteric muscle hypertrophy
ultrasonographic evaluation of testicular volume and blood flow in accompanies inguinal hernias in children. J Pediatr Surg
patients with inguinal hernias. J Ultrasound Med 2007;26:1657-66. 1999;34:1320-1.
quiz 67-9. 12. Pigarro C, Tatsuo ES, Amaral VF, et al. Morphological comparison

2. Mihmanli I, Kantarci F, Kulaksizoglu H, et al. Testicular size and of processus vaginalis from boys with undescended testis and
vascular resistance before and after hydrocelectomy. AUJR Am J hernia sacs from boys with inguinal hernia. Eur J Pediatr Surg
Roentgenol 2004;183:1379-85. 2009 ;;19:145-7.

3. Tuncer AA, Peker T, Acar MB, et al. A comparison of preoperative 13. Orth RC, Towbin AJ. Acute testicular ischemia caused by
and postoperative testicular volume and blood flow in patients with incarcerated inguinal hernia. Pediatr Radiol 2012;42:196-200.
inguinal hernia, hydrocele, and cord cyst: a prospective cohort 14. Ein SH, Njere I, Ein A. Six thousand three hundred sixty-one
study. Pak J Med Sci 2017;33:363-8. pediatric inguinal hernias: A 35-year review. J Pediatr Surg

4. Huang S, Yang X, Li C, et al. Pre-operative spermatic cord 2006;41:980-6.
ultrasonography helps to reduce the incidence of metachronous 15. Rubenstein RA, Dogra VS, Seftel AD, et al. Benign intrascrotal
inguinal hernia in boys. Front Pediatr 2018;6. lesions.. J Urol 2004;171:1765-72.

5. Revzin MV, Ersahin D, Israel GM, et al. Us of the inguinal canal: 16. Ozdamar MY, Karakus OZ. Testicular ischemia caused by
comprehensive review of pathologic processes with CT and MR incarcerated inguinal hernia in infants: incidence, conservative
imaging correlation. Radiographics 2016;36:2028-48. treatment procedure, and follow-up. Urol J 2017;14:4030-3.

4 Huang S, et al. World Jnl Ped Surgery 2019;2:€000030. doi:10.1136/wjps-2018-000030

ybuAdod Aq parosioid 1senb Ag 1202 ‘6 Idy uo jwod fwg sdim//:dny woly pspeojumod "6T0Z SuNnC € U0 0£0000-8T02-sdIM9ETT 0T S paysiiand 1suiy :A186.nS pad UL PLOM


http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.7863/jum.2007.26.12.1657
http://dx.doi.org/10.2214/ajr.183.5.1831379
http://dx.doi.org/10.2214/ajr.183.5.1831379
http://dx.doi.org/10.12669/pjms.332.12487
http://dx.doi.org/10.3389/fped.2018.00156
http://dx.doi.org/10.1148/rg.2016150181
http://dx.doi.org/10.1111/j.1439-0272.2011.01207.x
http://dx.doi.org/10.1148/radiographics.21.suppl_1.g01oc17s261
http://dx.doi.org/10.1016/S0090-4295(99)00603-2
http://dx.doi.org/10.1097/01.ju.0000097400.67715.f8
http://dx.doi.org/10.1055/s-2001-13789
http://dx.doi.org/10.1055/s-2001-13789
http://dx.doi.org/10.1016/S0022-3468(99)90002-7
http://dx.doi.org/10.1055/s-0029-1202258
http://dx.doi.org/10.1007/s00247-011-2210-4
http://dx.doi.org/10.1016/j.jpedsurg.2006.01.020
http://dx.doi.org/10.1097/01.ju.0000123083.98845.88
http://www.ncbi.nlm.nih.gov/pubmed/28670671
http://wjps.bmj.com/

	Effect of allergic bronchopulmonary aspergillosis on FEV﻿1﻿ in children and adolescents with cystic fibrosis: a European Cystic Fibrosis Society Patient Registry analysis
	Patients and methods
	Patients included and definitions of variables
	Spirometry
	Primary outcome measures and explanatory variables
	Data analysis

	Results
	Participant characteristics
	Effect of ABPA on FEV﻿1﻿ percent predicted values adjusted for other explanatory variables


	Effect of inguinal hernia on the thickness and blood flow of spermatic cord in boys
	Abstract
	Introduction
	Methods
	Spermatic cord ultrasonography
	Open herniorrhaphy
	Statistical analysis

	Results
	Discussion
	References


