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Abstract: Objective: To determine the minimum alveolar concentration (MAC) of sevoflurane required for 50% block-
ade of the adrenergic response (BAR) to surgical incision in patients treated with neoadjuvant chemotherapy prior
to radical gastrectomy. Patients and design: Forty-four patients were selected for this study. Patients with preopera-
tive neoadjuvant chemotherapy comprised the NC group (n = 22) and patients without preoperative neoadjuvant
chemotherapy were included as the C group (n = 22). Patients in the NC group were treated with two cycles of 14-day
neoadjuvant chemotherapy with combination of oxaliplatin and Gio, and underwent surgery 3 weeks later. Patients
in the C group received no chemotherapy prior to surgery. A sequential allocation method was employed to deter-
mine the MAC-BAR for each group. The initial end-tidal concentration of sevoflurane was set as 3% for both the NC
and C groups. Sympathetic responses to surgical incision were evaluated 6 times by measuring the heart rate (HR)
and mean arterial blood pressure (MAP) at 1 min intervals before (T4, T2, T3) and after (T4, T5, T6) skin incision,
and used to adjust the end-tidal sevoflurane concentrations for each patient. More than a 15% increase in MAP or
HR after incision was scored as a positive response. Main results: The HR and MAP levels measured pre- (T1) and
post-incision (T6) were significantly lower than base line values at admission in both groups, but without statisti-
cal difference between the groups. The MAC-BAR value of sevoflurane was 2.2% in the NC group and 3.0% in the
C group (P < 0.05). Conclusions: Neoadjuvant chemotherapy reduced the MAC-BAR value of sevoflurane in gastric
cancer patients by enhancing the inhibitory effect of sevoflurane on the stress response.
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stress

Introduction cancer patients. In contrast to adjuvant chemo-
therapy, it is the first step in treatment prior to
topical therapies such as local surgery or radio-
therapy. NC has been reported to reverse vari-
ous stages of tumor growth and reduce the
extent of surgery required, as well as to improve
significantly the overall survival rate of patients
[3-5].

Stomach cancer is common in China and its
incidence rate ranks among the top three of
malignant tumors [1]. Unfortunately, the major-
ity of gastric cancers are diagnosed at an
advanced state, which influences the overall
therapeutic outcome of the treatment. A thera-
peutic surgical approach, known as neoadju-
vant chemotherapy, was reported in 1982 [2]
and became a research focus in the field of
locally advanced gastric cancer treatments.
Subsequently, the comprehensive treatment of
gastric cancer received widespread attention

As the depth of anesthesia is an important fac-
tor affecting postoperative complications and
survival, an understanding of the effects of che-
motherapeutic drugs on anesthesia will enable

[3-5]. doctors to administer efficient anesthesia to
patients undergoing surgery [6, 7]. Chemo-
Neoadjuvant chemotherapy (NC) is a systemic therapy with platinum-based agents is known

chemotherapy employed for the treatment of to be associated with neurotoxicity. For exam-
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Sevoflurane is an inhalational
general anesthetic and is widely
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used because of its rapid rate of
onset and offset, better hemody-
namic stability, and limited irrita-
tion actions of mucous mem-
branes. The mechanism of anes-
thetic action of sevoflurane
remains unknown but may
involve direct or indirect actions

Figure 1. Flow chart of patients who participated in the clinical trial. NC at nicotinic acetylcholine, glycine

patients received preoperative neoadjuvant chemotherapies and C pa-

tients were operated without chemotherapies.

ple, oxaliplatin, a third-generation platinum-
based drug with low toxicity, causes primarily
sensory nerve lesions, such as paresthesia and
numbness of the extremities and can produce
both acute and chronic neurotoxicity [8].
Symptoms of acute neurotoxicity appear within
a few hours after treatment and peak at 24~48
h and last for 7 days. The symptoms include
impairments in the performance of the lower
extremities and perioral sensory impairments
such as paresthesia, with mouth and throat
muscle tension. Oxaliplatin exerts its acute tox-
icity by delaying inactivation of the voltage-gat-
ed Na* channel located on the membrane of
the myelinated afferent nerve cell, which
results in an increase in Na* influx that produc-
es the acute neurological symptoms [9].
Chronic treatment with oxaliplatin has been
shown to affect the dorsal root ganglia (DRG),
causing an axonal neuropathy [8]. 5-fluoroura-
cil (5-FU), in concentrations that are clinically
relevant, has toxic effects on progenitor cells
and oligodendrocytes of the central nervous
system. Systemic administration of 5-FU
causes acute CNS injuries, which leads to a
syndrome involving progressive but delayed
deterioration of oligodendrocytes and myelin-
ated nerve fibers (myelin lesions) [10]. Also, in
animal experiments functional changes in spe-
cific brain regions, including the frontal lobes
and hippocampus, have been reported after
methotrexate and 5-FU applications [11].
Tagafur, a derivative of the oral anticancer
agent 5-FU, is a major component of combina-
tion chemotherapy used to treat advanced gas-
tric cancer. It is metabolized in the body to
5-FU. The other components of combination
therapy are oteracil and jigme pyrimidine, which
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y-aminobutyric acid (GABA) and
glutamate receptors [12-14].

Neoadjuvant chemotherapy involves antican-
cer drugs with neurotoxicity, which as men-
tioned above, pathologically affects the ner-
vous systems; therefore the sevoflurane sensi-
tivity of patients treated with neoadjuvant che-
motherapy might be altered [9, 15-17].

In the present study, we determined the mini-
mum alveolar concentration of sevoflurane,
which blocks 50% of the adrenergic response
to surgical incision (MAC-BAR) in patients treat-
ed with neoadjuvant chemotherapy. We antici-
pated that understanding the effect of neoadju-
vant chemotherapy on the potency of sevoflu-
rane might help us develop a more effective
and safer anesthesia regimen.

Materials and methods

Baseline data of patients and neoadjuvant
chemotherapy

This study was approved by the hospital medi-
cal ethics committee and authenticated with
informed consent forms signed by patients or
their families. Initially, 92 patients were
assessed for eligibility but 21 did not meet the
inclusion criteria, while 19 declined to partici-
pate and the anesthetist excluded 4. Of the 48
enrolled patients, 44 were finally included in
the statistical evaluation, because 4 were
excluded for analysis after the interventions
(Figure 1). Forty-eight patients underwent radi-
cal operation for carcinoma of the stomach
from December 2011 to January 2013. These
patients were 40 to 64 years old with body-
mass indexes (BMls) of 18~30 kg/m? and
American Society of Anesthesiologists (ASA)
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physical state grading of | or Il, no history of
hypertension, and were not on drugs that could
affect the circulatory system or sympathetic
drugs prior to operation. Patients were divided
into two groups, a neoadjuvant chemotherapy
group (NC group, n = 22) and a control group (C
group, n = 22). Patients in the NC group
received preoperative chemotherapy for 2
cycles of 14-day treatment with a combination
of oxaliplatin 150 mg/qd and Gio 60 mg/bid,
and received surgery 3 weeks after the com-
mencement of chemotherapy. Patients in the C
group underwent surgery without neoadjuvant
chemotherapy. Patients who fell into the follow-
ing criteria were excluded from the study.
Exclusion criteria: 1) patients having diseases
of the cardiovascular system, respiratory sys-
tem, liver or kidneys; 2) patients with a history
of mental or neurological disease; 3) patients
having an acid-base and electrolyte imbalance,
diabetes or endotoxemia; 4) patients treated
with drugs which might affect the MAC-BAR
measurement, such as the preoperative seda-
tives midazolam and nonsteroidal anti-inflam-
matory drugs (NSAIDs), as well as patients with
a history of alcoholism or drug abuse; 5)
patients with a mean arterial pressure (MAP) <
50 mmHg or a HR < 50 beats/min before
incision.

Anesthesia and MAC-BAR determination

Prior to surgery, patients were not administered
any drugs that might affect the circulatory or
sympathetic nervous systems. Fasting time for
food was 8 h and for water 6 h preoperatively.
Patients were infused with sodium chloride by
injection via the peripheral venous route at a
rate of 10 mL/kg/h. Electrocardiography (ECG),
oxygen saturation (Sp0O,) and bispectral index
(BIS) (EEG monitor AspectA-2000, BIS Monitor,
USA) were monitored and radial artery cathe-
terization performed under local anesthesia as
an invasive method to measure arterial blood
pressure. Anesthesia was induced by target-
controlled infusion of propofol (AstraZeneca,
London, UK) and remifentanil (Yichang
Humanwell Pharmaceutical Co., Yichang,
China) to produce a plasma concentration of 3
pg/mL and 4 ng/mL, respectively. This con-
trolled anesthesia method was used because
sufficient depth of anesthesia can be quickly
achieved after intravenous infusion of these
drugs, the target plasma concentration equilib-
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rium is reached rapidly and the context-sensi-
tive half-time (t, cs) is very short; t, cs of propo-
fol is 4 min [18] and remifentanil 3~5 min [19].
After patients lost consciousness, 0.6 mg/kg
rocuronium (NV Organon, 0Oss, Netherlands)
was intravenously injected and endotracheal
intubation and mechanical ventilation was car-
ried out. The tidal volume was set as 8 mL/kg,
the inspiratory to expiratory ratio 1:1.5. The
breathing frequency was regulated to maintain
a partial pressure of end-tidal carbon dioxide
(PETCO,) 35-45 mmHg (1 mmHg = 0.133 kPa).
Immediately after stopping intravenous infu-
sion of propofol and remifentanil, patients
began to inhale sevoflurane. The target plasma
concentrations of propofol and remifentanil
decreased to a significantly low level and after
20 min reached 0.2 pg/ml and 0.1 ng/ml,
respectively. These levels are consistent with
their pharmacokinetic properties, suggesting
that these drugs had no significant clinical
effect in determining the sevoflurane MAC-BAR.
The end tidal concentration of sevoflurane (Gas
Density DetectorSmart Anesthesia Multi-gas
Module/NO O, Sensor (GE Co. Wuxi, China)
quickly reached the target value and lasted 15
min.

A sequential allocation method was employed
to adjust the end-tidal sevoflurane concentra-
tion for patients. The initial concentration for
the first patient in both groups was 3%.
According to the patient’'s sympathetic
response to the incision, the sevoflurane con-
centration was adjusted as appropriate for the
next patient. When a patient responded or did
not respond to the incision, a 1.2 times higher
or lower concentration of the drug was used for
the next patient. More than 6 wave-patterns of
negative/positive responses (crossovers) were
obtained. When the pre-incision MAP value was
less than 50 mmHg, 6 mg of ephedrine was
intravenously administered and when the HR
was less than 50 beats/min, 0.5 mg atropine
was administered, and the patient was exclud-
ed from the study. As a result, the next patient
received sevoflurane at the end-tidal concen-
tration assigned for the previously excluded
patient. The HR and the MAP values were
recorded at 2 min (T1), 1 min (T2) and immedi-
ately (T3) prior to skin incision, and immediately
(T4), 1 min (T5) and 2 min (T6) after incision.
The average values of HR and MAP before and
after incision were calculated. When the ampli-
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Table 1. Comparison of baseline data be-
tween patients allocated to the control (C)
group and the neoadjuvant chemotherapy
(NC) group (n =22, X + SD)

C group NC group
Age (years) 51+5 53+4
Gender (F/M) 9/13 7/15
Course of Disease (years) 5.2+19 5715

BMI (kg/m?) 251+2.7 242+19
HR (beat/min) 77+6 76 £ 6
MAP (mmHg) 90+5 874
BIS 95.1+0.9 93.9+0.8
Hb (mg/mL) 126 +9 119+ 8
Alb (mg/mL) 35.1+1.2 35.2+0.8
Cancer Staging (stage) IIB~IIIC IB~IIIC

BMI: body mass index, HR: heart rate, MAP: mean arte-
rial blood pressure, BIS: bispectral index, Hb: hemoglo-
bin, Alb: albumin.

tude of variation of the HR or the MAP values
after the incision was less than 15% it was
scored as positive, signifying that the patient’s
sympathetic response to the incision was not
inhibited by sevoflurane at the administered
end-tidal concentration.

The occurrence of intraoperative awareness
and the 1s-day postoperative condition of the
patients were monitored and recorded. The
sevoflurane MAC-BAR values were calculated
according to the sequence and the number of
turning point methods [20].

Statistical analyses

Values from two groups are presented as mean
+ SD. Statistical analyses were performed
using the SPSS13.0 version for Windows
(Chicago, SPSS Inc.). All original data were first
analyzed with Shapiro-Wilk test to examine
whether data were in normal distribution or not.
Student t test was used to compare data with
normal distribution and with homogeneity of
variance; Welch’s correction t test was used for
data with heterogeneity of variance. Mann-
Whitney U test was used for data in non-normal
distribution. P < 0.05 was considered statisti-
cally significant.

Results

Among the 48 patients in the study, 2 each in
the NC group and in the C group had a MAP
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value of < 50 mmHg or a HR value of < 50
beats/min before skin incision. They were
therefor administered vascular active drugs
and excluded from the study.

The remaining 44 patients were divided equally
into two groups, 22 patients in the C group and
22 patients in the NC group. The patients’ base
line data were compared between the two
groups. In terms of average age, gender, BMI,
course of the disease, and the stage of cancer,
there were no obvious differences between the
groups (Table 1). Physiological indices such as
HR, MAP, BIS prior to anesthesia, and the levels
of hemoglobin (Hb) and albumin (Alb) were not
statistically significantly different (P > 0.05)
(Table 1). The HR and the MAP values mea-
sured in pre- (T1) and post-incision (T6) were
significantly lower than the values at admission
T (O) in both groups. The 2 min post-incision
(Te) values were significant higher than the 2
min pre-incision (T1) values. However, there
was no statistically significant difference
between the groups (Table 2). No intraopera-
tive awareness of the patients was observed in
either group.

Determination of the end-tidal sevoflurane con-
centration by the sequential allocation method
using patients’ response to skin incision gener-
ated two distinctively different wave-patterns in
the C and NC groups (Figures 2 and 3). The
sevoflurane MAC-BAR value and its 95% confi-
dence interval (96% CI) were calculated based
on these data. The sevoflurane MAC-BAR value
in the C group was 3.0% (95% Cl, 2.7-3.2%) and
in the NC group 2.2% (95% CI, 2.0-2.4%),
respectively, demonstrating statistically signifi-
cant difference between the two groups (P
<0.0001) (Table 3).

Discussion

The MAC value of healthy adults for sevoflurane
was reported to be 1.71% [21], and the MAC-
BAR value was 2.56%, 1.5 times higher than
the MAC [22]. The preliminary experiments
showed that an excessively high concentration
of expiratory sevoflurane caused a significant
decrease in HR and MAP values, which might
greatly increase the risk of accidental cardio-
vascular damage in patients. According to pub-
lished data, the equilibrium time of sevoflurane
was longer than 15 min [23, 24]. Although the
target tidal concentration of sevoflurane can be
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Table 2. Changes in mean arterial blood pressure (MAP) and heart rate (HR) of patients in control (C) and in neoadjuvant chemotherapy (NC)

group before and after skin incision (n = 22 per each group)

o MAP (mmHg) HR (bpm)
TIME before or after skin incision
P NC P C P NC P
TO (at admission) 905 87+4 77+6 76+ 6
T1 (2 min pre-incision) 61+6 <0.0001"= 62+4 < 0.0001" 64+10 < 0.0001" 62+5 0.0029"°
T2 (1 min pre-incision) 62+8 62+4 64 + 10 61+5
T3 (immediately before) 62 + 62+4 64 £+ 10 61+5
T4 (immediately after) 64 + 63+5 66 +11 63+5
T5 (1 min post-incision) 73 £ 2+7 72+9 72+8
T6 (2 min post-incision) 76 + 11 0.0003™" 77 +£11 <0.0001* 75+ 11 0.0504"¢ 75+ 12 0.0504"°
< 0.00012* 0.0003%¢ 0.0029%¢ 0.00294¢

“: Compared with TO; 4 compared with T1. ® indicating the P value from t test; °: indicating the P value from Welch’s correction t test;  indicating the P value from Mann Whitney U test.
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Figure 2. Individual responses to skin incision obtained by the sequential
allocation method in patients who received no neoadjuvant chemothera-
py prior to surgery (C group). When a patient showed an increase in either
HR or MAP of 15% or more from the pre-incision value, the end-tidal con-
centration of sevoflurane given to the next patient was increased (posi-
tive response [solid triangles]), whereas in the absence of an increase in
either HR or MAP of 15% or more from the pre-incision value, the end-tidal
concentration given to the next patient was decreased (negative response
[open triangles]).
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Figure 3. Individual responses to skin incision obtained by the sequential
allocation method in patients who received neoadjuvant chemotherapy
prior to surgery (NC group). When a patient showed an increase in either
HR or MAP of 15% or more from the pre-incision value, the end-tidal con-
centration of sevoflurane given to the next patient was increased (posi-
tive response [solid triangles]), whereas in the absence of an increase in
either HR or MAP of 15% or more, the end-tidal concentration given to the
next patient was decreased (negative response [open triangles]).

achieved within 15 min, a longer equilibration
time should be used for the determination of
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the MAC value to ensure that the
alveolar gas and its partial pres-
sure in the brain reach dynamic
equilibrium under constant alve-
olar ventilation. Therefore, de-
spite the MAC value for sevoflu-
rane being reported as 1.71%
[21], we set the initial end-tidal
sevoflurane concentration for
this study at 3%, which allowed
the equilibrium time to be 15
min and the partial pressure of
anesthetic gas in arterial blood,
lung and the brain to reach
dynamic equilibrium.

To determine MAC-BAR, we used
the sequential allocation meth-
od utilizing a patient’s sympa-
thetic response to surgical skin
incision. The positive response
was defined by a fold increase in
HR or MAP values as compared
to those measured before skin
incision, as previously reported
[23, 24]. Our sequential alloca-
tion experiment generated more
than 6 wave-patterns of nega-
tive/positive reactions (cross-
overs). The number of cross-
overs is an important factor for
MAC estimates. Dixon stated
four crossovers were sufficient
to estimate MAC [25], however
Paul et al. reported that more
than six crossovers greatly
increased the authenticity of the
MAC estimation [20].

We have shown that the MAC-
BAR value of sevoflurane in the
NC group was significantly lower
than that in the C group, indicat-
ing that neoadjuvant chemother-
apy reduced the gastric sevoflu-
rane MAC-BAR value of patients.
He et al. observed that neoadju-
vant chemotherapy lowered the
50% effective dose (ED,,) of
intravenous anesthetics [26],
such as propofol and etomidate
in patients. The reason for this

might be that neoadjuvant chemotherapy
causes liver damage resulting in abnormal lipid
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Table 3. Sevoflurane MAC-BAR and its 95%
confidence interval (95% Cl) in the control (C)
and neoadjuvant chemotherapy (NC) group (n
= 22 per each group)

Group MAC-BAR (%) 95% IC (%)
C 3.0 2.8~3.2
NC 2.2° 2.0~2.3°

a: Comparison between the C and NC groups with Mann
Whitney U test, P < 0.0001.

metabolism, which affects the metabolism of
lipid-formulated intravenous anesthetic drugs.
However, inhalation anesthetics, such as sevo-
flurane, are not metabolized in the liver but are
discharged mainly from the lung, a small
amount through the skin, and by the kidney in
its original form. Increasing numbers of clinical
studies have shown showed that chemothera-
pies with the clinically effective doses of drugs
increases the risk of damaging the patients’
nervous system [27, 28]. Schlegel et al. report-
ed that chemotherapy drugs have toxic effects
on the CNS through a variety of mechanisms
and may lead to reversible or even irreversible
neurological dysfunction [29]. Winocur et al.
observed that the standard dose of 5-FU
caused disability of spatial memory and learn-
ing in adult BALB/C mice [11]. This cognitive
dysfunction was similar to the phenomena
observed in patients treated with chemothera-
peutic drugs. It is also known that standard
dose chemotherapy negatively affects cogni-
tive function and causes nervous system dam-
age in patients with cancer. Since the targets of
inhaled anesthetics are located in the CNS, the
increase in the potency of sevoflurane observed
for patients in the NC group may attributed to
damage of the nervous system caused by the
neoadjuvant chemotherapy drugs, oxaliplatin
and Gio. It is likely that the damaged CNS was
sensitized to inhaled anesthetics so that the
effectiveness of the anesthetics was enhanced
in patients receiving chemotherapy but the pre-
cise mechanisms remain to be elucidated.

In our experiment, the sevoflurane MAC-BAR
value of the non-chemotherapy patients was
3.0%. Ura et al. measured a sevoflurane MAC-
BAR value of 8.0 + 0.2% by employing the
sequential allocation method similar to ours
[30]. Katoh et al. used sevoflurane alone and
reported that the MAC-BAR value was 4.15%
[24]. One of the reasons for the discrepancy in
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the sevoflurane MAC-BAR values might be the
age range of the patients recruited in the study.
The patients’ ages in our study were between
40 and 64 years, while those in Ura’s study
ranged from 20 to 49 years. Presently, the
effects of the age factor on neoadjuvant che-
motherapy and on the determination of MAC-
BAR value are not clear and further study is
required to address this important question.
Another reason for the discrepancy might be
that Ura’s group used more stringent criteria for
the positive sympathetic response to surgical
incision. They included in their criteria, an
increase of more than 10% in the plasma nor-
epinephrine concentration compared to the
pre-incision level, in addition to MAP.

In summary, we have found that neoadjuvant
chemotherapy enhances the inhibitory effect of
sevoflurane on the sympathetic response of
cancer patients undergoing radical gastrecto-
my, thereby reduced the sevoflurane MAC-BAR
value.
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