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Abstract: We find that various anesthetics play different influences on High Intensity Focused Ultrasound (HIFU).
Especially for nitrous oxide (N2O), its utilization plays a greater influence on treatment. We selected 98 patients with
primary hepatic carcinoma, who planned to perform HIFU. These patients were divided into Anesthetic A group (N2O
+ isoflurane + propofol + remifentanil), Anesthetic B group (isoflurane + propofol + remifentanil) and Anesthetic X
group (propofol + remifentanil) due to the used anesthetics. Red blood cells were observed in vitro and red blood
cell morphology through transmission electron microscope, after pumping pure nitrous oxide in red blood cell suspension. Red blood cell suspension was divided into control group, nitrous oxide group, HIFU group and nitrous
oxide combined HIFU group. After experimental treatment, red blood cell number and potassium concentration
were obtained by virtue of blood routine examination and blood gas analysis. Results indicated that dermohemia
and edema of operative sites in Group A were more significantly than additional two groups (P<0.05). Experiment
of red blood cells in vitro found that number of residual red blood cells in N2O combined HIFU group was the least,
and rising of potassium concentration was a little high. After two independent sample variance analyses, it had significant difference with other groups. In conclusion, application of nitrous oxide in HIFU operation aggravated injury
degree of tissue. Combined utilization of nitrous oxide and HIFU played a synergistic effect on tissue injury and had
mechanism that N2O increases micro bleb nucleon in tissue to reinforce ultrasonic cavitation effect and produce a
synergistic effect.
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Introduction
In 1793 the nitrous oxide (N2O) was firstly discovered [1, 2]. Humphrey Davy found that it had
an analgesic effect in 1799 and it had over 160
years of history as an anesthetic [3]. Though
reports concerning side effects of nitrous oxide
are a great many [4], no tangible proofs can
prove that applications of nitrous oxide have
negative effects on the health of patients and
medical workers in clinically. Applications of
nitrous oxide are still feasible in clinical
anesthesia.
When nitrous oxide anesthesia is applied to
High Intensity Focused Ultrasound (HIFU) in
clinical work [5, 6], body injury is aggravated.
This study discusses the relation between
nitrous oxide and HIFU effect preliminarily by

observing the degree of curing edema of
patients with HIFU by using nitrous oxide and
experiment of red blood cells in vitro.
Materials and methods
Recruitment of volunteers and experiment instrumentations
This study has already been approved by Ethics
Committee of the hospital and has told patients
and families, who signed informed consent.
The study selected 98 of patients with primary
hepatic carcinoma, who accepted HIFU operative treatment in Haifu Cancer Center of our
hospital and had no restriction on gender and
age. The demographic information and clinicopathological data were listed in Table 1. Before
ASA grade included I-II grades, routine inspec-
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Table 1. Demographic information and clinicopathological features of 98 patients with
hepatocellular carcinoma
Characteristics
Age (years, median, range)
Gander (male/female, %)
Tumor staging (TNM, n, %)
I or II
III or IV
Tumor size (cm, median, range)
Tumor size >10 cm (n, %)
Lymph node (n, %)

All patients
43 (27-69)
39/61
35 (36%)
63 (64%)
8 (4-14)
43 (44%)
8 (8%)

tion had no obvious abnormality. Experiment of
red blood cells in vitro selected autologous
recovered whole blood 400 ml of a patient
before operation. Preoperative examination
had no obvious abnormality.
The treatment used High Intensity Focused
Ultrasound equipment and transmission electron microscope. The experiment applied High
Intensity Focused Ultrasound equipment, ultrasound transfection equipment, blood-gas analyzer and five kinds of complete blood cell
analyzer.
Observation of dermohemia and edema by using different anesthetics
According to used anesthetics, patients were
divided into three groups at random. Group A
collected patients who conducted HIFU operation by using general anesthesia of A drug,
Group B collected patients who conducted
HIFU operation by using general anesthesia of
B drug, and Group X collected patients who
conducted HIFU operation by using general
anesthesia of X drug. Record records were as
follows: + for dermohemia, ++ for dermohemia
accompanying with local mild swelling, and +++
for dermohemia accompanying with local serious swelling.
Experiment grouping of red blood cells in vitro,
the number of red blood cells, and measurement of potassium concentration
In order to improve sensibility of red blood cells
in the experiment, Na and K balanced solutions
were used to dilute 10 times of whole blood
specimens and reduce cell concentration of
whole blood and coefficient of viscosity.
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First of all, five kinds of complete blood cell
analyzer and blood-gas analyzer were used to
detect influences of N2O on red blood cells.
Transmission electron microscope was used to
observe difference of red blood cells before
and after inletting N2O; the experiment detected influences of HIFU on red blood cells, confirmed experiment parameters, and conducted further experiment based on experiment
parameters. The experiment of High Intensity
Focused Ultrasound was divided into 4 groups,
including control group (group C), nitrous oxide
group (group N), pure HIFU group (group H), and
HIFU plus nitrous oxide group (group H+N).
In the experiment of Low Intensity Focused
Ultrasound, it detected influences of Low
Intensity Focused Ultrasound on red blood
cells, confirmed experiment parameters, and
conducted further experiment based on experiment parameters. Low Intensity Focused
Ultrasound was also divided into 4 groups,
including control group (group C), nitrous oxide
group (group N), pure Low Intensity Focused
Ultrasound group (group L), and Low Intensity
Focused Ultrasound plus nitrous oxide group
(group N+L) to detect postprocessing results by
using the same method.
Statistical analysis
The result of group A, B, X were analyzed by
SPSS19.0 Ridit, the outcome of erythrocyte in
vivo experiment showed by mean ± standard
deviation (x±s), and were analyzed by SPSS19.0
t-test of two independent sample.
Results
Effect of different anesthetic drugs on the
HIFU post-operation
As Table 2, the degree of skin swelling of group
A was much higher than group B and group C.
Analysis by SPSS19.0 Ridit turned out that the
difference is statistically significant (P<0.05).
Therefore, we considered that N2O can enhance
the effect of HIFU.
N2O treatment increases the thickness of abdominal
In this study we observed the thickness of
abdominal. The results indicated that the
abdominal thickness before operation was sig-
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Table 2. The effect of different anesthetic drugs on the HIFU post-operation
A (N2O + isoflurane +
propofol + remifentanil)
(n=32)

B (isoflurane + propofol + remifentanil)
(n=33)

X (propofol +
remifentanil)
(n=32)

Chi
square

Mild hyperemia (+) (n, %)

0

8*

27#

13.35

0.027

Moderate hyperemia and swelling (++) (n, %)

17

25

3#

10.06

0.042

Extreme hyperemia and swelling (+++) (n, %)

18

0*

0#

18.43

0.015

*

P value

Remarks: *Group A compared with group B, #P<0.05, and with group X P<0.05.

Figure 1. HIFU screenshot for the abdominal thickness pre-operation and post-operation. A. HIFU screen for group
A. The left was pre-operation, and abdominal thickness was 2.5 cm. The right was one hour HIFU post-operation,
and the abdominal thickness was 3.5 cm. B. HIFU screen for group B. The left was pre-operation, and abdominal
thickness was 2.5 cm. The right was one hour post HIFU, and abdominal thickness was 2.5 cm.

nificantly increased compared to the abdominal thickness post operation in the group A
(Figure 1A). However, there are no significant
differences between the pre-operation and the
post-operation in the group B (Figure 1B).
13049

Effect of ventilation with N2O in the erythrocyte
suspension
There was no difference between before and
after the ventilation with N2O (the number of
Int J Clin Exp Med 2016;9(7):13047-13052
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Figure 2. Observation for the micro-bubble in the erythrocyte using Transmission electron microscopy (SEM). A.
Erythrocyte status before ventilation with N2O. B. Erythrocyte status after ventilation with N2O. The white arrow illustrates the micro-bubbles.

Table 3. The effect of N2O combine with HIFU
(150 W×5 s×2) on the erythrocyte and concentration of K+

group C
group N
group H
group N+H

Number of erythro- Concentration of
cyte (×1012/L)
K+ (mmol/L)
0.365±0.007
5.45±0.092
0.37±0
5.44±0.071
0.218±0.083
6.464±0.198
0.074±0.083*
7.002±0.177*

Group C: control group; group N: nitrous oxide group;
group H: pure HIFU group; group H+N: HIFU plus nitrous
oxide group. *P<0.05 represents the Number of erythrocyte or concentration of K+ in group N+H compared to
group H.

Table 4. The effect of N2O combine Low
Intensity Ultrasound (150 W×5 s×2) on the
erythrocyte and concentration of K+

group C
group N
group L
group N+L

Number of erythro- Concentration of
cyte (×1012/L)
K+ (mmol/L)
0.355±0.006
4.055±0.055
0.36±0.003
5.278±0.313
0.345±0.008
4.445±0.471
0.353±0.007*
4.465±0.415*

Group C: control group; group N: nitrous oxide group;
group L: pure Low Intensity Focused Ultrasound group;
group N+L: Low Intensity Focused Ultrasound plus
nitrous oxide group. *P<0.05 represents the Number
of erythrocyte or concentration of K+ in group N+L compared to group L.

erythrocyte (Figure 2). We conclude that N2O
will not damage cells. After the ventilation with
N2O, the number of micro-bubble in the erythro-
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cyte was increased significantly in after ventilation with N2O group (Figure 2B) compared to
the before ventilation with N2O group (Figure
2A) (P<0.05).
Effect of N2O combines with HIFU on the erythrocyte
As shown of Table 3, there were significant differences between group H (HIFU group) and
group N+H (N2O combine with HIFU) on the
number of erythrocyte (Table 3, F=0.01,
P<0.05) and the concentration of K+ (Table 3,
F=0.056, P<0.05).
Effect of N2O combines with Low Intensity
Ultrasound on the erythrocyte
In the experiment of N2O combine with Low
Intensity Ultrasound (remarks: parameter come
from experiment of the effect on the Low intensity Ultrasound to erythrocyte), there were no
differences between group L (Low Intensity
Ultrasound) and group N+L (N2O combine with
Low intensity Ultrasound) on the number of
erythrocyte (Table 4, P>0.05) and the concentration of K+ (Table 4, P>0.05). The results
showed that N2O combine with Low Intensity
Ultrasound may not existent synergistic effect.
Discussion
In the therapy process of the HIFU, cavitation
effect plays an important role [7]. Cavitation is
the formation of vapour cavities in a liquid,
such as small liquid-free zones, that are the
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consequence of forces acting upon the liquid.
Especially, under the effects of ultrasonic pressure wave, the liquid cavitation was formed.
When the cavitation was damaged and broken,
the energy was released rapidly, and following
with the high temperature, high pressure,
strong light and shock wave [8]. In the present
study, the degree of skin swelling of group A
was much higher than group B and group C.
Analysis by SPSS19.0 Ridit turned out that the
difference is statistically significant (P<0.05).
Therefore, we considered that N2O can enhance
the effect of HIFU.
In this study, we also observed the thickness
of abdominal. The results indicated that the
abdominal thickness before operation was significantly increased compared to the abdominal thickness post operation in group A.
However, there are no significant differences
between the pre-operation and the post-operation in the group B. Actually, the increased
thickness of abdominal is a marker for the body
injury, which could reflect the injury of HIFU on
the body. This result confirmed that the N2O
could enhance the injury of abdominal. We
speculated that when the N2O enters into the
body, the liquid is more easily to form the
cavitation, which could also trigger the cavitation effects and aggravate the injury [9].
Furthermore, the N2O could also strengthen
the hot drama, enhancing the temperature surrounding the cells. When the temperature
achieves beyond to the normal range, the cells
would be broken and death [10]. Under the
effects of N2O in the cavitation process, the
peroxyl radical was obviously increased surrounding the cells, which could also increase
the injury effects [11].
Flynn et al. divided the ultrasonic cavitation
into two mainly types, including Steady cavitation and transient cavitation [12]. Actually, the
steady cavitation and the transient cavitation
could interconvert with each other and release
large energy, when the strength of the ultrasonic pressure wave achieving to the threshold
value. In the experiment of erythrocyte in vitro,
there were significant differences between
HIFU group and N2O combine with HIFU group
on the number of erythrocyte (P<0.05) and the
concentration of K+ (P<0.05). These results
confirmed the effects of N2O on the tissue injury. However, there were no significant differ-
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ences between the two groups for the low
Intensity Focused Ultrasound treatment (which
may be caused by the steady cavitation in the
Intensity Focused Ultrasound).
Hirokawa et al. [13] reported that there are
some correlation between the HIFU treatment
and the apoptosis of the cells. Saliev et al. [14]
also proved that the HIFU treatment was associated with the cell apoptosis directly. Therefore,
we speculated that the N2O could strengthen
the HIFU induced cell apoptosis, and aggravate
the HIFU caused tissue injury.
In conclusion, application of nitrous oxide in
HIFU operation aggravated injury degree of tissue. The combined utilization of nitrous oxide
and HIFU played a synergistic effect on tissue
injury and had the mechanism that N2O increases micro bleb nucleon in tissue to reinforce
ultrasonic cavitation effect and produce a synergistic effect.
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