
Introduction
The success of approaching skull base lesions and
performing transbasal craniotomy for certain
pathologies that are better to access through the skull
base rather than performing the convexity lesions is
tremendously affected by the introduction and
advancements regarding radiological technology,
microsurgical optical systems and neurophysiological
monitoring. Surgical drill systems, mono-bipolar
cautery, ultrasonic aspirators and laser systems are also
listed as operating room requirements in many
neurotology and neurosurgery departments [1].

CUSA is an instrument that was first developed for
ophthalmological surgery and is reported to gain wide
acceptance from many other medical specialties
including neurosurgery, general surgery, gynecology,
urology and neurotology after several improvements
[2,3].

Regarding the neurosurgical procedures, surgical
resection of the lesions within or intimate to brain
tissue may lead to increased morbidity due to damage
of the surrounding brain tissue. Although CUSA has
been pointed out as an instrument capable of selective
removal of the lesion without affecting the
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Background: The technology is fundamental for the overall success of the surgery regarding the highly complex areas.
Although there are many studies on this topic, there is still a great necessity of performing further investigations to reveal the
probable effects of CUSA (Cavitation Ultrasound Surgical Aspirator) to the surrounding tissue.
Objective: This study aims to evaluate the electrophysiological, electron microscopic and biochemical parameters of the
peripheral nerve tissue after CUSA application.
Materials and Methods: After the exposure of the right sciatic nerve and placement of bovine liver, CUSA application is
performed. Then, compound muscle action potential (CMAP) assessment is done, blood sample is taken for biochemical
analysis and the nerve is dissected for electron microscopy.
Results: This study revealed that CMAP is deteriorated acutely by CUSA application directly proportional to the intensity.
Biochemical parameters including the serum nitric oxide (NO) and malondialdehyde (MDA) are worth evaluating for the process
of nerve tissue damage and the progression of healing. Electron microscopic evaluation showed that the nerve degeneretion
still continued at the end of the third week.
Conclusion: The deleterious effects of CUSA to the nerve tissue should be taken into consideration even there is a tissue
between the nerve and the applicator and its use in the lowest intensity strong enough for tumor removal would be beneficial
to overcome any deleterious effects. The continuation of the nerve degeneration in electron microscopy indicates a longer
duration investigation and the tissue NO, MDA may contribute to the related knowledge in experimental basis.
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surrounding tissue, serving a clear operating field [4],
decreasing the hemorrhage [5] for various tissues; there
is still debate on the deleterious effects on the neural
tissue.

One of the parameters that has to be focused on is the
duration of surgery for the overall morbidity and
mortality. Cerebellopontine angle (CPA) is of ultimate
importance due to its anatomical complexity and
highly vulnerable and important neurovascular
structures in and around. The need to overcome any
unnecessary time delays for additional
morbidity/mortality without underemphasizing the
cautious and neat surgery for the prevention of any
functional losses may be succeeded by some
technological aspects. CUSA is an instrument offering
the features of irrigation, aspiration, cutting and
coagulation together at the tip of its handpiece. The
collection of all above functions in a single hand-held
device may be a great advantage on the duration and
ease of the surgery while providing a cleaner surgical
field. The comparison of CUSA with the routine
surgical instruments regarding compression and
hemorrhage should equally be evaluated with the
belief regarding the safety of CUSA to the vessels and
nerves [3,5]. The sparing of the nerves and vessel walls
is explained by their strong intracellular bands [6].

Although CUSA is widely used in various surgeries,
there is still lack of consensus on the probable
deleterious effects on the neural tissue. It was proposed
as an instrument increasing safety, reducing operating
time, improving quality and facilitating selective
surgery [2]. No known contrendications were reported
in the past, while only some limitations were listed
including personal and financial aspects. On the other
hand, more recent studies pointed out nerve injury in
relation to the intensity and the duration of application
[7,8].

The present study is performed to evaluate the effects
of CUSA to the neural tissue in terms of
histopathological, electron microscopic,
electrophysiological and biochemical aspects for a
comprehensive and complementary contribution to the
related literature.

Materials and Methods
Animals and Surgical Technique
The experimental protocol was approved by the
Animal Care and Use Committee of the University of
Mersin (02.05.2008/12, Mersin, Turkey). The rats had
free access to standard laboratory diet and water, and
were maintained according to the recommendations of
the National Institute of Health's guidelines for the care
and use of laboratory animals.

Male albino rats (250–275 g) were used in this series
of experiments. Rats were divided into 12 groups
according to the intensity and the duration of CUSA
application (SONOCA 400, Germany). The groups are
shown in table 1.

Seven rats were randomly allocated to each group. The
rats were anesthetized with ketamine-HCl (50 mg/kg)
and xylazine (5 mg/kg). The right sciatic nerve was
exposed at the right gluteal region without any damage
to the muscles. After the total exposure of the sciatic
nerve, initial electrophysiological assessment was
performed and this data was accepted as control. Then,
a piece of bovine liver that is cut in 1x1x1 cm.
dimensions was placed carefully on the nerve. The
CUSA application is performed to the liver located on
the nerve without direct exposure to the nerve. The
liver tissue, that resembles the tumor, is quickly
changed when the tissue is thinned by the effect of
CUSA. Therefore, the liver is replaced, whenever
needed, by the 1 cm thick another liver tissue to avoid
direct CUSA effect to the sciatic nerve.
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1st day 7th day 21th day

5 min 10 min 5 min 10 min 5 min 10 min

Low intensity Group I Group III Group V Group VII Group IX Group XI

(power: 20% of the max. exposure) (GI) (GIII) (GV) (GVII) (GIX) (GXI)

High intensity Group II Group IV Group VI Group VIII Group X Group XII

(power: 50% of the max. exposure) (GII) (GIV) (GVI) (GVIII) (GX) (GXII)

Table 1. The data of the groups regarding intensity, duration of application and evaluation time.



Electrophysiological assessment is performed
immediately after the application to all the groups.
Two sutures were performed to the neighborhood
muscle to mark the level of the nerve that CUSA was
applied. The incision was closed. Then, the EMG
evaluations are performed at the end of the first (GI,
GII, GIII, GIV), seventh (GV, GVI, GVII, GVIII) and
the twenty-first (GIX, GX, GXI, GXII) days in
anesthasized rats. After CMAP evaluation, the marked
levels of the sciatic nerve was harvested. The blood
sample was taken. The histopathological and
electrophysiological assessment methods are
explained in detail in the related sections.

Electrophysiological Assessment
Data were collected by means of a BIOPAC MP 100
acquisition system (Santa Barbara, USA). Bipolar
surface electrodes (Medelec small bipolar nerve
electrodes, 6894T, Oxford, UK) were used for
recordings from the gastrocnemius muscle. The ground
electrode was placed on the thigh on the side of
stimulation. The sciatic nerve was stimulated by bipolar
electrode. The supramaximal stimulus consisted of
single square pulse (intensity 0.5 V, duration 0.2 ms).
Compound muscle action potential (CMAP) records
were raised on the amplifiers and then transferred to the
computer translating to the numerical signals by 16 bit
A/D converter for off line analysis. The sampling rate
was chosen as 20 000 sample/s. BIOPAC Acknowledge
Analysis software (ACK 100W) was used to measure
CMAP parameters, such as the amplitude and latency.
Normal amplitudes and latencies of the control records
are compared with the CUSA applied groups and
evaluated using a scale bar (Figure 1).

The Electron Microspic Assessment
For transmission electron microscopic evaluation, the
samples were fixed with 2.5% gluteraldehyde,
postfixed with 1% osmium tetroxide, dehydrated in
graded alcohol series, cleared with propylene oxide
and embedded in epon. Thin sections (50-70 nm) were
cut by a microtome (Leica UCT-125) and contrasted
with uranyl acetate and lead citrate. Sections were
examined and photographed by an electron
microscope (JEOL JEM-1011).

Biochemical Assessment
Nitrite-nitrate (NN) assay
The final products of NO in vivo are nitrite (NO2-) and
nitrate (NO3-). The relative proportion of NO2- and
NO3- is variable and cannot be predicted with
certainty. Thus, the best index of total NO production
is the sum of both NO2- and NO3-. The oxidized end-
products of NO (NO2- and NO3-) were measured in
serum samples by the following assay. Measurements
of NO2- and NO3- were made using a procedure based
on the Griess reaction [9]. The samples were obtained
via indwelling catheters and immediately centrifuged
at 4000 r.p.m. for 10 minute. The serum samples were
ultrafiltrated and used in the test. Nitrates were
quantitatively converted to nitrites for analysis.
Enzymatic reduction of nitrate to nitrite was carried
out using enzyme cofactors in the presence of nitrate
reductase. Enzyme and cofactors were added to each
serum samples and standards. After a one hour
incubation period at room temperature Griess reagent
was added and all these mixtures were incubated for
10 min. at room temperature in dimmed light. Then the
absorbance of the samples and standards were
measured at 540 nm using a plate reader. In the
measurement of total NO products only the nitrate
standard was required for standard curve preparation
(Nitrate/Nitrite Colorimetric Assay Kit, 780001,
Cayman Chemical Company, Ann Arbor, MI, USA).
Total nitrite-nitrate levels were expressed as µM of
serum.

Lipid Peroxide Assay
MDA levels, an index of lipid peroxidation, were
determined by TBA reaction. The MDA levels in
serum were determined by thiobarbituric acid (TBA)
reaction according to Yagi [10]. The principle of the
method depends on the colorimetric measurement of
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Figure 1. The amplitude and latency of: A. Control group, B.
First day of high intensity 10 minutes group, C. Seventh day of
high intensity 10 minutes group, D. Twenty-first day of high
intensity 10 minutes group.



the intensity of the pink color produced by the
interaction of the barbituric acid with MDA. The
colored reaction 1,1,3,3 tetraetoxypropane was used as
the primary standard. MDA levels were expressed as
nmol/ml of serum.

Statistical Analysis
SPSS 11.05 software was used for statistical analysis.
The data were analyzed after normal distributions had
been confirmed by the Kolmogorov-Smirnov test. The

data were expressed as mean ± standart deviation
(SD). The comparisons for data were made by analysis
of univariate and the Tukey posthoct test. The results
were considered statistically significant when p<0.05.

Results
Electrophysiological evaluation
The assessment is performed through the measurement
of mean amplitudes and latencies of the rat sciatic
nerves. The data is shown in table 2 and figure 2-3.
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Day Parameters Control Low High

5 min 10 min 5 min 10 min

1 Amplitude (mV) 8.75±1.45 5.81±0.86* 3.31±1.05* 2.38±1.99* 0.82±0.65*

Latency (ms) 0.42±0.24 2.08±0.81* 3.52±1.29* 5.73±1.16* 5.10±2.15*

7 Amplitude (mV) 8.19±1.16 1.34±0.88* 2.21±0.73* 2.97±1.72* 2.50±1.88*

Latency (ms) 0.45±0.21 5.65±1.35* 5.75±2.82* 4.38±1.11* 2.97±1.01*

21 Amplitude (mV) 7.37±2.35 4.63±2.08* 5.17±1.10* 6.46±2.75* 6.09±3.06*

Latency (ms) 0.35±0.09 4.04±2.57* 3.55±1.45* 2.49±0.60* 1.79±0.84*

*significantly different from control at P<0.05

Table 2. The data of the mean amplitudes and latencies of all groups.

Figure 2. The data regarding the amplitudes are compared.



CMAP findings regarding both for the amplitude and
the latencies, high intensity groups showed the worst
scores at the end of the first day of application, while
worst findings for low intensity groups were
recognised at the end of the seventh day. After the
mentioned deepest points shown by the graphics, the
CMAP values tend to become better afterwards.
However, neither the latencies, nor the amplitudes
reach the pre-CUSA values.

The electron microspic evaluation
This study demonstrated that the intensity of CUSA
application rather than the duration was worthy on the
degeneration of the neural tissue (Figure 4A-B).

The electron microscopic evaluation revealed normal
histology in the first day with the exception of mild
disintegration in the high intensity with long duration
(10 minutes) application group (Figure 5A-B).

238

The Journal of International Advanced Otology

Figure 3. The data regarding the latencies are compared.

Figure 4. The myelin disintegration and delamination are severe in and heavy degenerative changes are seen including total axonal loss
indicating the importance of CUSA intensity. A: low intensity, 10 min., 7. day; normally appearing myelin sheaths, ovoid bodies (arrow)
(X7500); B: high intensity, 10 min., 7. day; heavily degenerated nerve fibers, ovoid bodies (arrow) (X3000).



On the other hand, degeneration had been recognized
in all the groups on seventh day and this finding
persisted in the 21. day of evaluation. Low intensity

groups were relatively better in terms of degeneration
(Figure 6A-B-C-D).
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Figure 5. Only the 10 minutes duration and high intensity group revealed mild changes compared to the other groups in the first day. A:
low intensity, 10 min., 1. day; myelin sheaths and axoplams with normal appearance (X4000); B: high intensity, 10 min., 1. day; ovoid
body in axoplasm (arrow), slight delamination of myelin sheath (X7500).

Figure 6. The degenerative changes are still ongoing in the 21. day. A: low intensity, 5 min., 7. day; ovoid bodies (arrows), multivesicular
bodies (arrowhead) and delamination of myelin sheaths (X5000). Inset: regeneration of myelin sheaths (small arrow) (X15000); B: low
intensity, 5 min., 21. day; delaminated myelin sheaths, ovoid bodies (arrow) and degenerated mitochondria (thin arrow) (X5000). Inset:
multivesicular body (arrowhead) (X20000); C: high intensity, 10 min., 7. day; heavily degenerated nerve fibers, ovoid bodies (arrow)
(X3000); D: high intensity, 10 min., 21. day; thickened and delaminated myelin sheaths, multivesicular bodies in some axoplasms
(arrowhead) (X5000).



Biochemical evaluation

Serum NO and MDA levels are evaluated to find out
the effect of CUSA to the neural tissue in the three

weeks duration emphasizing the change in the mean
values ( Figure 7A-B, 8A-B).
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Figure 7. The mean values of NO is shown for 5 minutes ( A ) and 10 minutes ( B ) CUSA applications.

Figure 8. The mean values of MDA is shown for 5 minutes ( A ) and 10 minutes ( B ) CUSA applications.

Discussion
The present investigation of CUSA revealed neural
damage directly proportional to the intensity and
duration of the application despite the presence of a
tissue placed between the tip of the handpiece and the
peripheral nerve. The reason for the placement of
hepatic tissue is thought to resemble the tumor
debulking when there is some tumor tissue between
the tip of the probe and the cranial nerve in CPA.

Although several investigations were performed on the
effects of CUSA to the neural tissue, one particular

conclusion had not been established. Young and
coworkers reported that the adverse effects were not
found on the sciatic nerve after CUSA application
unless the tip is at least 1 mm. distant from the nerve.
However, touching the nerve briefly resulted in
abolishment of the action potential. This study was
performed to evaluate just the acute effects of the
procedure and lacked the long term
electrophysiological results [4]. However, Foley and
coworkers reported that the neural function, in terms
of CMAP values, remained absent even 28 days after
treatment for the high intensity exposed group [11].



Another study was performed on the evaluation of
functional recovery of the rat sciatic nerves after direct
contact of the CUSA device. The poorest recovery was
reported from the group of animals exposed to the
highest amplitude and exposure. This study had been
designed on subjective functional measurements rather
than objective electrophysiological evaluation [8].
Abounader and coworkers showed that the ultrasonic
effect with an intensity of 10% and a duration of 20
seconds did not alter the nerve, while exposure beyond
these values caused neural damage proved by objective
means including action potential recording,
microphotography and histology [12].

Ultrasonic energy induced multiple nerve damage was
reported after acoustic tumor removal and was attributed
to the transmission via the petrous bone. The surgeons
of this procedure suggested that the direct contact of the
probe to the surrounding bone should be avoided [13].

Histopathological evaluation of the neural tissue
exposed to the CUSA application would be a very
important complementary assessment to the
electrophysiological results of the investigations. It
would be beneficial to discuss our results in light of the
recent studies.

Early studies gave some light microscopic evaluation
reported as edema and disrupted fibers for those exposed
to 20% power levels [4]. Howard and coworkers reported
disrupted neural architecture with histiocytes and mast
cell infiltration which was thought to be consistent with
remote neural injury and myelin breakdown [8].
Histologic evaluation of CUSA applied to the cortex of
the dogs revealed that the damage was directly
proportional with the percentage of the maximal power
showing mild hemorrhage at 30 % and cortical
disruption at the 40 % of the maximal exposure [7].

In accordance with the above mentioned studies, we
also recognised that the intensity of CUSA application
was indicative. The electron microscopic evaluation of
only the high intensity with long duration (10 minutes)
application group revealed mild disintegration. On the
other hand, short duration or low intensity groups’
electron microscopic assessment was in normal range
at the end of the first day. Degeneration had been
recognized in all the groups on seventh day and this
finding persisted in the 21. day of evaluation. Low
intensity groups were relatively better in terms of
degeneration. When CMAP findings are assessed, the

worst scores were found at the end of the first day of
application for the high intensities and seventh day for
the low intensities regarding both for the amplitude
and the latencies (Figure 2-3). After the mentioned
deepest points shown by the graphics, the CMAP
values tend to become better afterwards. However,
neither the latencies, nor the amplitudes reach the pre-
CUSA values. The comparison of the mean amplitudes
and latencies for the same intensities with different
duration showed difference in values although failed to
reach statistical significance. This data may implicate
that the power of the CUSA application should be
carefully set in order to overcome any neural damage
accepting that the time of surgery may be longer. The
observation during the experiment also supported the
above mentioned data. In contrast to the fact that the
high intensity damaged the liver tissue even in 5
minutes leading to the necessity for changing the tissue
immediately, low intensity did not even necessitate
tissue replacement in 10 minutes.

The present study is tried to be based on the data of
electrophysiology, electron microscopy and the
biochemical values and the relationship among these
parameters.

Neural function of the sciatic nerve is evaluated in
terms of amplitude and the latency for the
experimental groups and the data is shown in Table 1.
The overall assessment revealed that both the mean
latencies and the mean amplitudes of the groups
showed deterioration after the application of CUSA
when compared to the values measured before the
CUSA effect (p < 0.05). Although it is not statistically
significant, these values tend to reach to the control
values in the 7th and the 21th day of the experiment with
the exception of low dose groups in the seventh day.

The extrinsic, circumneural blood supply of the nerves
distributes to the intrinsic vascular framework that is
situated in the perineural compartment. Venous stasis
and stagnation of capillary flow due to the pressure
elevations of any reason may lead to edema and further
intraneural pressure leading to acidosis and anoxia [14].

NO is a substance that has complex properties
affecting various metabolic cascades. NO plays an
important role in the host defense against wound
infections due to its toxic effects to microbes and
parasites [15], regulates collagen synthesis for the
establishment of mechanical wound strength [16], acts as
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a modulator in all phases of healing process including
the inflammatory, proliferative and remodelling stages
[17-19]. NO acts as an anti-oxidant during cellular lipid
peroxidation [20] and as a prooxidant in the reaction with
superoxide to form peroxynitrite through its protective
function in oxidative stress conditions including
shock, sepsis, trauma, hypoxia, ischemia-reperfusion
injury and surger [21]. During the aforementioned
oxidative stress conditions, reduced oxygen species
interact with lipids, proteins and nucleic acids leading
to the loss of membrane integrity, structural or
functional changes in proteins and genetic mutations,
respectively. MDA is the product of lipid peroxidation
process [22].

In the present study, the tissue NO-MDA were not
assessed. The serum values were used due to their
availability in patients in clinical basis. Although
serum samples may be taken from the patients, tissue
samples cannot be harvested for follow-up.

In the present study, 5 minutes duration groups’ NO
levels tended to increase during the first week. Low
intensity 5 minutes group NO level began to decrease
afterwards that may indicate normal healing. However,
high intensity 5 minutes group NO continued to
increase which may indicate the continuation of tissue
healing necessitating still to overcome probable
biochemical disturbances in the proliferative phase of
healing (Figure 7A-B). The NO levels of ten minutes
duration groups, both the low and high intensity
applied rats, showed a gradual decline during the first
week and then began to increase afterwards. The
pattern of inrease was similar to the high intensity 5
minutes group (Figure 7A-B). The starting point of
NO level of the high intensity 10 minutes group could
be expected to be similar or near to the point of high
intensity 5 minutes group. However, the need to
change the liver tissue that had been thinned in the
high intensity 10 minutes group might create some
time for the neural tissue to replenishment. This
situation may resemble the condition, in the
neurosurgical approaches, that the surgeon is adviced
to wait for some time by the electrophysiological
monitoring professional after the nerve is thought to
get dry or stretched during the surgery. The idea that
there may be different mechanisms of action or logic
to explain the NO levels had been suggested by earlier
studies [23].

However different mechanisms of action are suggested
regarding NO levels for the groups of the present
study, MDA levels reached the highest point at the end
of the first week and began to decline afterwards for all
the groups (Figure 8A-B). This pattern indicates that
the lipid peroxidation continues and limited in the first
week and then tissue injury seems to began healing.

Although electrophysiological parameters including
amplitude and latency and lipid peroxidation process
measured by MDA shows the tendency indicating
healing, all of the mentioned parameters had been
recognised to fail to reach the first day values. This
indicates that further assessment may be needed in
longer periods to contribute to the knowledge of this
subject.

Conclusion
The present study revealed that the application of
CUSA is to be performed cautiously in order to
preserve neural functions. This study is performed on
the peripheral nerves having a neural sheath. The lack
of a sheath of nerves in the central nervous system
necessitates further caution of CUSA application. The
authors also suggest that similar studies would be
necessary to assess the evaluated parameters
performed in longer periods.
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