ARASTIRMA MAKALESI / RESEARCH ARTICLE

Bladder Distention due to Electrocautery Knife Use in
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ABSTRACT

Aim: In our study, we aimed to examine the mechanism of ACA/
sacral parasympathetic network injury and its effects on the blad-
der, which have not been included in the literature before, due to
the use of electrocautery knife in spinal surgery.

Material and Method: Twenty hybrid rabbits were used in our
study. Five of the animals were evaluated as the control (control
group). Surgery was performed on 6 of them using bipolar electro-
cautery knife (BEC group) and 9 using monopolar electrocautery
knife (MEC group). Th11-L2 spinal laminectomy was performed
on animals during surgery. Animals were sacrificed after bladder
tomography was taken one week later. After sacrification, the blad-
der and Onuf nucleus/S4 spinal ganglia were taken for histopatho-
logical examination. Bladder volume values and S4 ganglion den-
sity values were compared statistically using the Man Whitney-U
test.

Results: Bladder volume values were found to be 48+5 cm? in
the control group. It was found to be 52+6 cm?® in the BEC group
and 75+9 cm?® in the MEC group. S4 dorsal root ganglion densities
were 8+x3/mm?® in the control group and 143+23/mm? in the BEC
group, and It was found to be 643+75/mm? in the MEC group. The
results were statistically significant.

Conclusion: As a result of the findings we obtained in our study,
we recommend that the high-voltage MEC/BEC electrocautery
blade should not be used in spine surgery unless it is necessary
due to its dangerous effects on AKA, sacral parasympathetic net-
work, and consequently, the urogenital system.
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O0ZET

Amac: Calismamizda literatiirde daha énce yer almayan, omurga
cerrahisinde elektrokoter bicagi kullanimina bagl, AKA/sakral pa-
rasempatik ag hasari olusma mekanizmasi ve mesane lzerindeki
etkilerini incelemeyi amacladik.

Materyal ve Metot: Calismamizda 20 hibrit tavsan kullanildl.
Hayvanlardan besi kontrol (Kontrol grubu) olarak degerlendirildi. Alti
tanesine bipolar elektrokoter kullanilarak (BEC grubu), dokuz tanesine
monopolar elektrokoter kullanilarak (MEC grubu) cerrahi miidahale
yapildi. Cerrahi midahalede hayvanlara Th11-L2 spinal laminektomi
yapildi. Bir hafta sonra hayvanlarin mesane tomografileri cekildik-
ten sonra hayvanlar sakrifiye edildi. Sakrifikasyon sonrasi hayvanla-
nn mesanesi ve Onuf nukleus/S4 spinal gangliyonlar histopatolojik
inceleme amacl alindi. Mesane hacim degerleri ve S4 gangliyon
dansite degerleri Man Whitney-U testi kullanilarak istatistiksel olarak
karsilastinid.

Bulgular: Mesane hacim degerleri kontrol grubunda 48+5 cm?® ola-
rak saptandi; BEC grubunda 52+6 cm® ve MEC grubunda 75+9
cm?® olarak bulundu. S4 dorsal root gangliyon dansiteleri kontrol
grubunda 8+3/mm?®, BEC grubunda 143+23/mm?®; MEC grubunda
643+75/mm? olarak bulundu. Sonuclar istatistiksel olarak anlamii
olarak saptandl.

Sonug: Calismamizda elde ettigimiz bulgular sonucunda yliksek
voltajli MEC/BEC elektrokoter bigagini, AKA, sakral parasempatik
ag ve sonucg olarak lirogenital sistem (izerine olan tehlikeli etkileri
nedeniyle zorunlu olmadikca omurga cerrahisinde kullaniimamasini
dnermekteyiz.

Anahtar kelimeler: spinal cerrahi; elektrokoter bigak; mesane
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Introduction

The sacral parasympathetic network provides parasym-
pathetic innervation of the urinary system. The sacral
parasympathetic bladder motoneurons are located in
the Onuf’s nucleus in the sacral spinal cord, which
Onufrowitz first described in 1899'. Lower spinal arte-
rial circulation is provided Adamkiewicz artery (AKA)
described in 1882 by Adamkiewicz?. As a result, AKA
provides the circulation of the sacral parasympathetic
network.

Vasospasm may develop after spinal subarachnoid
hemorrhage (SAH) in AKA®. AKA vasospasm causes
degeneration in the onuf’s nucleus/pudendal gan-
glia due to circulatory failure, and therefore, urinary
retention may occur®. There may also be intestinal
involvement due to AKA vasospasm®. As can be un-
derstood from these studies, ACA, which provides
arterial circulation to the onuf nucleus and dorsal
root ganglia (DRG), is very important for abdomino-
pelvic organ functions.

Electrical devices are used for tissue cutting or coagu-
lation in surgeries, and they can be hazardous for live
tissues. The mechanism of electrical injury can be ex-
plained by thermal damage, vascular impairment, and
histological or electrophysiological changes in periph-
eral nerves or direct electromechanical trauma®. With
the application of electrocautery, ACA can be affected
as circulatory disorders and thrombus development
in the radicular arteries’. Monopolar (MEC) or bipo-
lar electrocautery knife (BEC) used in spine surgery
are examples of commonly used electrical devices.
Although MEC and BEC are used frequently, they can
cause serious tissue damage like other electrical surgical
instruments.

We aimed to show that high voltage BEC/MEC ap-
plication affects ACA and consequently causes bladder
pathology due to neural dysfunction in our study.

Materials and Methods

Twenty male hybrid rabbits (2 years old and weigh-
ing 3.5-0.4 Kg) were used in our study. Experiments
were done according to the approval of the ethical
committee of Ataturk University. Five of the animals
were allocated for the control group. The remain-
ing animals were anesthetized by general anesthesia
(25 mg/kg ketamine hydrochloride, 15 mg/kg lido-
caine hydrochloride, and 1 mg/kg acepromasine).
After the required surgical cleaning of the operation

Kafkas J Med Sci 2021; 11(3):365-368

site, Th11-L2 laminectomy was applied, and facets
were denervated. MEC was used in 8 animals (MEC
group) and BEC in 7 animals during the surgical
intervention. MEC and BEC were performed with
an electrocaugulator of 220 V-50Hz. Fascia and
skin sutured with 3-0 cotton sutures. Animals have
followed their cages for seven days postoperatively
without antibiotic/analgesic treatment. All animals
were taken multislice CT to estimate urinary blad-
der volumes, and then all animals were sacrificed. S4
spinal ganglia and bladders were removed for his-
topathological examination. The S4 ganglia speci-
mens and neurovascular bundles of bladders were
embedded in paraffin blocks, and sections were
stained with hematoxylin &eosin, tunnel, and alde-
hyde fuchsine. To estimate urinary bladder volume
and Physical dissector method were estimated de-
scribed by Yolas C et al.%. For neurodegeneration cri-
teria, peri-cytoplasmic halo formation, cytoplasmic
condensation, nuclear shrinking, and cellular angu-
lations were accepted. To estimate Adamkiewicz ar-
tery degeneration, endothelial swelling, shrinkage,
desquamation, and thrombus formation were taken
as deformation criteria described by Aydin MD et
al.”. The bladder is considered an ellipsoid shape,
and its volume is estimated as same as the sphere’s
volume formula by averaging the x, y, z radii using
spherical transformation methods. Statistical analy-
sis between S4 ganglia degenerated neuron density,
and bladder volume values were compared with the
nonparametric Mann Whitney Test in SPSS 11.0
for Windows.

Results
The bladder tomography image, the macroscopic blad-

der view, and how we calculate the bladder volume are
clearly shown in Fig. 1. Bladder volume values were de-
tected as 4845 cm? in normal, 52+6 cm? in BEC, and
7549 cm® in MEC groups. Degenerated neuron den-
sity of $4 dorsal root ganglion (DRG) was 843 in con-
trol, 143423/mm? in BEC, 643+75/mm? in the MEC
group. P<0.005 between control/BEC; p<0.0005 be-
tween BEC/MEC and p<0.00001 between control/
MEC (Table 1). Our results were found to be statisti-
cally significant.

Histopathologically, we detected adhesions and fi-
brotic scar in the peridural space at the operation
area. While endothelial and muscle cell degeneration
was seen in AKA animals using electrocautery, mainly
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Figure 2. Histopathological appearances of AKA (LM, H&E, x4/A) and magnified
form with degenerated endothelial and muscle cells, nerve root (NR) (LM, H&E,
Xx40/Base) are seen.
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Figure 1. The dilated bladder (DB) tomography image (A), the macroscopic blad-
der view (B), and the way we calculate the bladder volume (Base).

Table 1. Numerical bladder volume/cm® and degenerated neuron density
of DRG/mm?®

Figure 3. Histopathological appearance of L4 dorsal root ganglion (DR), apop-

Control Group ~ BEC Group MEC Group fotic neuron (AN) (LM, H&E, x10/Base); degenerated or loosened axons (LM,
Tunel, x10/A) and apoptotic neurons of L4 roots are seen in a MEC applied ani-
Bladder volume/cm?® 48+5 52+6 75+9 mal (LM, Tunel, x10/B).
Degenerated neuron 8+3 143+23 643+75

density of DRG/mm?

MEC group: P<0.005 between control/BEC, p<0.0005 between BEC/MEC, and p<0.00001
between control/MEC.

in the MEC group, no effect was observed in the con-
trol group (Fig. 2). Especially in animals in the BEC
group, apoptosis and degeneration were observed in
neurons in DRG (Fig. 3). Likewise, while no involve-
ment was found in the control group, thrombosis in
the bladder arteries and degenerated/demyelinated
pudendal nerve axons were evaluated more in the

i . . Figure 4. Histopathological appearances of urinary bladder supplying throm-
MEC group than in the BEC group histopathologi-  yyseq arteries (red arrow) (LM, VonGiezon, x20/Base) and degenerated/demy-
cally (Fig. 4). elinated pudendal nerve axons (black arrow) (LM, VonGiezon, x20/A) are seen.

*
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Discussion

Electrocautery knives are widely used in spine surgery
as MEC or BEC form for soft tissue dissection and
thermocoagulation; however, electrical currents have
detrimental effects on neural® and vascular tissues’.

In Bladder Innervation, the sacral parasympathetic
bladder motoneurons are located in the Onuf’s nu-
cleus in the sacral spinal cord, and AKA provides the
arterial circulation of these neurons. Distal extensions
of the dorsal root ganglia travel with the pelvic and hy-
pogastric nerves and through the pudendal nerves that
enter the urethra'® and the bladder to the bladder for
filling and emptying. Afferent urinary bladder fibers
are located in a suburothelial plexus, bladder neck, and
the trigone sixand function as stretch receptors stimu-
lator to start micrution reflex'. Sacral parasympathetic
stimulate detrusor smooth muscles for bladder con-
traction to start micturition'? It is seen that these func-
tions will be affected with onuf nucleus damage due to

the effect of ACA.

Although it was discovered nearly a century ago, we
think the importance of the onuf nucleus is not suf-
ficiently understood. Serious studies will be need-
ed to realize the indispensable importance of the
Adamkiewicz arterial network, which provides the
basic blood support of the neurovascular network, es-
pecially the Onuf nucleus complex and the dorsal root
ganglia of this region.

Unexplained urogenital complications can occur
even after the safest spine surgery. We think that our
study sheds light on urogenital complications whose
cause cannot be understood after spine surgery. This
situation has not been included in the literature be-
fore. It further increases the importance of our study
results.

We recommend that BEC and MEC not be used dur-
ing spinal surgery because of their harmful effects un-
less necessary. In cases where it is needed, it would be
more appropriate to choose bec instead of mec, as it
has a less harmful impact.
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