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Hazardous Effects of Electrocautery on Penile Arteries:

An Experimental Study
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ABSTRACT

Objective: Urethral arteries may be affected during electrocauterization The present study aims to investigate
whether urethral artery spasm induced by electrocauterization during penile surgery causes pudendal nerve
injury.

Method: Eighteen male New Zealand rabbits were allocated into control (G-I, n=5), penile surgery without
electrocauterization (SHAM group, G-1l, n=6) and monopolar cauterization under general anesthesia (study group,
G-11l, n=9) groups. The animals were followed up for three weeks and then sacrificed. Vasospasm index values
(VSI: wall ring surface value/lumen surface value) of urethral arteries and degenerated neuron densities (DNDs) of
pudendal nerve dorsal root ganglia at sacral-3 level (S3) were examined using stereological methods. Results were
compared using the one-way ANOVA test.

Results: Neuronal angulation, cytoplasmic condensation, nuclear shrinkage, and condensed nuclei were detected
in the pudendal nerve ganglia. The mean VSI values of urethral arteries and DNDs of pudendal ganglia (n/mm?3)
were estimated as1.012+0.024 vs. 4£1in GI;1.082£0.323 vs. 2817 in Gll and 2.5420.0621 vs. 137£14 in GlII, respectively.
Statistical significance values (p-values) in terms of VS|, and DND for the differences between Gl and Gl (p<0.01vs.
p<0.005), Gll and GllI (p<0.001 vs. p<0.0001)- and Gl and GllII (p<0.0001 vs. p<0.0001) were as indicated.

Conclusion: Electrocautery during penile surgery should not be used because of retrograde degeneration of the
pudendal nerve and ganglia secondary to the injury to urethral taste bud-Llike structures.
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Amag: Uretral arterler elektrokoter kullanimindan etkilenebilir. Bu alisma penis cerrahisi sirasinda elektrokoter
ile pudendal sinir hasarinin Uretral arter spazmi olup olmadigini arastirmayi amaglamaktadir.

Yontem: On sekiz erkek Yeni Zelanda tavsani incelendi: besi kontrol (G-I, n=5), besi elektrokotersiz penil cerrahi
(SHAM grubu, G-11, n=6) ve dokuzu genel anestezi altinda monopolar koter ile opere edilen grup (calisma grubu,
G-111, n=9). Hayvanlar li¢ hafta boyunca izlendi ve sonrasinda sakrifiye edildi. Uretral arterlerin vazospazm indeks
degerleri (VSI: Wall ring ylzey degeri/llimen ylizey degeri) ve sakral-3 seviyesindeki (S3) pudendal sinir dorsal kok
ganglionlarinin dejenere néron yogunluklari (DND) stereolojik yontemlerle incelendi. Sonuglar one-way ANOVA
testi kullanilarak karsilastirildi.

Bulgular: Pudendal sinir ganglionlarinda néronal agilanma, sitoplazmik yogunlasma, nikleer buzulme ve
yogunlasmis cekirdekler saptandi. Uretral arterlerin ortalama VS| degerleri ve pudendal ganglionlarin dejenere
néron yogunluklari (n/mm?) Gl'de 1,012+0,024/4*1; Gll'de 1,082+0,323/28%7 ve 2,54t0,0621/13714 olarak
hesaplandi. Glll. VSI igin istatistiksel degerler: (p<0,01)-GI/Gll; (p<0,001)-GII/GllI ve (p<0,0001)-GI/GlII; ve DND
icin ise (p<0,005)-GI/Gll; (p<0,005)-GlII/GllI ve (p<0,0001)-GI/Glll olarak bulundu.

Sonug: Tat tomurcuguna benzer yapilarin yaralanmasina sekonder pudendal sinir ve ganglionlarin retrograd
dejenerasyonu nedeniyle penis cerrahisi sirasinda elektrokoter kullanilmamalidir.

Anahtar kelimeler: Uretral arterler, pudendal ganglia, elektrokoter
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INTRODUCTION

Various somatosensitive, parasympathetic, and
sympathetic nerves are responsible for the control
of penile tissues. Penile tissue is mainly innervated by
parasympathetic nerves that come from the Onuf's
nucleus located in the parasympathetic region of
the spinal cord, sympathetic nerves arise from the
sympathetic region of the spinal cord from L1-L2 and
fibers of somatosensitive neurons stem from the dorsal
root ganglia (DRG) L6-S1". Healthy sexual functioning
in human beings requires an intact spinal cord®, sacral
parasympathetic and thoracolumbar sympathetic
networks together with taste bud-like structures
innervated by them®,

Since normal functioning of above-mentioned
anatomical structures also requires an intact interaction
between pudendal network, Onuf's nucleus®” and
vascular supply, an electrocautery knife should be used
with a lower voltage current or it should not be used
unless absolutely necessary®. If orgasmic pleasures are
regulated by taste bud-like structures in penile tissues
and the pudendal nerve network, urethral artery spasm
induced penile injuries may also be responsible for
sexual dysfunctions and sexual anhedonia. This paper
emphasizes the concerns about using electrosurgical
devices such as monopolar electrocautery in penile
surgeries.

MATERIALS and METHODS

Our study was initiated with the approval of the
Atatirk University Animal Experiments Local Ethics
Committee (decision no: 177, date: 17.09.2018). We
preferred the rabbit model for our experiment. Five of
18 male New Zealand rabbits were allocated into control
(G-1,) group. Penile incision was performed without using
electrocautery in five rabbits (SHAM group, G-I1) while
monopolar cautery was used under general anesthesia
in eight rabbits (study group, G-III).

The rabbit’s penises were sterilized using a povidone-
iodine solution. Within the SHAM group, solely an
anteroposterior midline incision was performed, and
hemostasis was accomplished without the utilization
of cautery. A urethral catheter was introduced into the
rabbits’ urethra. The procedure in the SHAM group
was conducted without employing electrocautery,
whereas cautery was utilized in the research group.
In accordance with the study conducted by some
authors, a 15-W energy level was chosen for cautery.
This energy level was administered for a duration of 5
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seconds on an approximate region of 2 mm on both
the ventral and dorsal sides of the apex of the penile
shaft®. The cauterization was performed following the
incision made on the penis. Subsequently, the surgical
cut was sealed using uninterrupted stitches made of
Vicryl (7/0) threads. Antibiotics and analgesics were
administered during the postoperative phase. The
animals were housed in cages under typical laboratory
room conditions for a duration of three weeks following
operation. The animals were sedated by administering
a combination of ketamine hydrochloride (25 mg/kg),
lidocaine hydrochloride (15 mg/kg), and acepromazine
(1 mg/kg) through a subcutaneous injection. The
circumcision procedure involved the use of surgical
scissors and monopolar cautery (20W/400 kHz/Petas-
Petkot 600) after sterilizing the operative area with local
antiseptics. Following the administration of general
anesthesia, all animals were euthanized. The pudendal
nerves were revealed by dissecting between the gluteus
maximus and medius muscles.

Subsequently, a laminectomy was performed on
the S1-S3 vertebrae to extract the spinal cord at the S2
level and the pudendal ganglia. In addition, the edges
of the cut ventral urethra were carefully separated from
the surrounding tissue and removed together with its
associated nerve and blood vessel structures. Following
fixation in a 10% formalin solution for one week, all
collected tissues were subsequently embedded in
paraffin blocks. The blocks were sliced into slices
measuring five micrometers and then treated with
hematoxylin and eosin stain. The preparations were
observed using a microscope at magnifications of 4x and
40x. The density of neurons in pudendal ganglia and taste
bud-like structures was estimated using the stereological
method outlined in the work by Caglar et al.“), together
with the taste bud-like structures estimation method
employed in our most recent investigation.

Statistical Analysis

Statistical analysis was performed using one-way
ANOVA test in SPSS 20.0 for Windows (p<0.005).

Statistical significance values (p-values) in terms
of vasospasm index values (VSI), and DND for the
differences between Gi and Gll (p<0.01 vs. p<0.005),
Gll and GllI (p<0.001 vs. p<0.0001)- and Gl and GllI
(p<0.0001 vs. p<0.0001) were as indicated.

RESULTS

All DNDs of pudendal nerves of S3 were evaluated
by stereologic analysis. The control and SHAM groups
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shows urethral and penile arteries with normal and
nearly normal endothelium and smooth muscle cells
(Figure 1 and 2, respectively). Severe vasospasm of
urethral arteries, axonal degeneration in the pudendal
nerve roots, and neuronal degeneration and apoptosis
in the S2 DRG were observed in the electrocautery
group (Figure 3-5). Electrocautery might adversely affect
urethral and pudendal nerves with resultant damage to
centers related to sexual function. Pudendal nerve injury
induced by an electrocautery knife may accompany
urethral artery spasm following penile surgery (Figure
6). The degree of DND and VSI values were analyzed.
Histopathological examinations were performed by a
pathologist (R.A.) blinded to the allocated study groups
using a light microscope.

Neuronal angulation, cytoplasmic condensation,
nuclear shrinkage, and condensed nuclei were detected
in the pudendal nerve ganglia. The mean VSI values of
urethral arteries and degenerated neuron densities of
pudendal ganglia (n/mm3) were estimated as1.012+0.024
and 4*1in Gl;1.082+0.323and 2817 in Glland 2.54+0.0621
and 137%14 in GllI, respectively.

DISCUSSION

Pelvic visceral tissues innervated by pelvic plexus
which is composed of somatosensitive and autonomic
networks. Penile tissues innervated by neural web which
contains parasympathetic fibers originated from Onuf's
nucleus and sympathetic nerves arising from L1-L2
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Figure 1. Urethral and penile arteries with normal
endothelium (NE) and normal smooth muscle cells
(NMC) of an intact rabbit penis seen under low (LM,
H&E, x4/A) and higher magnification (LM, H&E, 10/B)
and display of VSI estimation formula
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levels of the spinal cord and travel with pelvic nerves
somatosensitive heurons coming from DRG L6-S1%.
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Figure 2. Urethral and penile arteries with nearly normal
endothelium (NE) and normal smooth muscle cells
(NMCQC) in a simple circumcison applied rabbit penis seen
under low (LM, H&E, x4/A) and higher magnification
(LM, H&E, 10/B)

Figure 3. Urethral and penile arteries with minimally
degenerated endothelium (DE) and contracted smooth
muscle cells (CMC) seen in MEC electrocautery blade
applied in rabbit penile tissue (images seen under low
(LM, H&E, x4/A) and higher magnification (LM, H&E,
10/B)



parasympathetic nerves dilation of penile arteries™.
We think that electrocautery may be more hazardous
for parasympathetic than sympathetic nerves, because
parasympathetic fibers are more densely populated in
penile tissue®.

As orgasmic pleasure is modulated by taste bud-
like structures and pudendal nerves, the disruption of
that network following penile surgery may cause sexual
dissatisfaction and also infertility®. In the circumcision
procedure, a ritual which has been used for centuries,
currentlyapplied monopolarelectrocautery may damage
very delicate penile tissues. Indeed electrocauterization
induces development of neural/extraneural injuries
with its thermal or electricity effects?”. These hazardous
effects can cause neuroma formation, vascular injury,
degeneration of DRG and phimosis®.

Neuronal degeneration criteria such as neuronal
shrinkage, angulation of cells, cytoplasmic condensation
and cytoplasmic halo formation were more prominentin
the electrocautery group than in the non-electrocautery
group. Therefore, electrocautery used during spine
surgery may be injurious to spinal ganglia and should
be used with a lower voltage current”. The animals
that underwent facet denervation exhibited vascular

wall injury, endothelial necrosis, muscle lesions, and
thrombus development in the spinal radicular arteries.
Facet denervation by monopolar electrocautery can

Figure 4. Urethral and penile arteries with severely
degenerated/desquamated endothelium (DE) and
prominently contracted smooth muscle cells (CMC)
seen in MEC electrocautery blade applied rabbit penile
tissue [images seen under low (LM, H&E, x4/A) and
higher magnification (LM, H&E, 10/B)]
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lead to arterial lesions and the formation of blood clots
in the radicular arteries. Therefore, it should only be used
when absolutely necessary®. Electrocautery-related
mechanism of electrical injury can cause neuroma®
and scar formation'®, Since electrocauterization causes
neurodegeneration, endothelial-muscular insults and
formation of thrombi in the radicular arteries it should
not be used unless absolutely necessary®.

Figure 5. Urethral and penile arteries with moderately
boiled/ degenerated endothelium (DE) and boiled/
contracted/degenerated smooth muscle cells (BMC)
seen in thermocoagulation applied rabbit penile tissue
[images seen under low (LM, H&E, x4/A) and higher
magnification (LM, H&E, 10/B)]

Figure 6. Histopathological view of pudendal dorsal
root ganglia (DRG) with normal (NN) and degenerated
neurons (DN) seen under lower and higher magnification
(LM, H&E, x4/A; x10/B) in an animal study
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Since electrocauterization can transmit electric
current to neurovascular tissues, target tissue damage
occurs because electric energy is converted to thermal
energy or heat”. The damage that occurs depends on
the tissue resistance, sensitivity and type of the tissue, as
well as the duration, targeted direction, type, intensity
and strength of the electric current®.

In the present study; angulation of cells, cytoplasmic
condensation, neuronal shrinkage and cytoplasmic halo
formation accepted as cellular degeneration criteria
were more prominent in the electrocautery group
than in the non-electrocautery group. We recommend
that electrocautery should be used with lower voltage
current®. For example, Aydin et al.®” have shown that
application of high voltage electrocautery causes
vascular injury and thrombus formation in the radicular
arteries. Our study has also shown that application of
electrocautery during penile surgery can be hazardous
for penile arteries and pudendal nerve networks which
has not been mentioned so far. Surgical circumcision
is a common procedure frequently performed, and
the related complications that develop can cause
irreversible problems. It should be noted that the first
of these complications is the damage due to the use
of electric current, because electrocauterization and
surgical cutting are widely used during circumcision.

This study shows that electrocautery used during
surgery of apex of penis leads to degeneration of
urethral arteries and pudendal nerve ganglia. Although
we did not discuss it in this article, we have determined
by the analysis of testicular tissues that this procedure
may also have negative effects on spermatogenesis.

Study Limitations

This type of study should be performed in the future
again using more advanced techniques, methods, and
adequate number of experimental animal subjects.
Besides, this study does not represent the human model.
If a researcher opts to use small number of experimental
animals for the conduction of this type of experiment,
misleading conclusions may be drawn.

CONCLUSION

We would like to emphasize that either low-voltage
or bipolar cautery should be used or preferably not
applied in penile surgery, since the use of electrocautery
causes damage to Onuf's nucleus-pudendal nerve-
orgasmic sensation-sensing taste bud network and
urethral arteries.

196

It is now certain that the amputation of the naturally
occurring preputium causes medical problems. We
anticipate that this harmful application will cause
significant legal problems in the future.
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