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Abstract

Transcutaneous electrical nerve stimulation (TENS) was a
complementary therapy to the pharmacological management of
postoperative pain for long time. However, the hypoglycemic effect and
insulin resistance (IR) improvement by TENS on specific acupoints had not
been investigated. We designed a single blind, randomized control clinical
study of 60 female patients, scheduled for elective low abdominal surgery.
The 52 patients consented to enrollment and were assigned to receive either
TENS (n = 26) on bilateral Zusanli (ST36) acupoints with continuous mode
at a frequency of 15 Hz and the intensity of 10 mA synchronously for 30
minutes or non-stimulation (placebo group, n = 26) during general
anesthesia to examine the effects on lowering plasma glucose and improving
IR. Statistically significant lowering plasma glucose level, hypoglycemic
activity, and lower homeostasis model assessment (HOMA-IR) index were
obtained in the TENS group (p < 0.05) than the placebo group. We
recommend TENS at bilateral Zusanli acupoints as an alternative
management for diabetic patients to control plasma glucose level and to
improve IR perioperatively.

Key words : TENS; Zusanli acupoint; plasma glucose; insulin resistance



Chapter 1. Introduction

Section 1. Background
Diabetes mellitus

Diabetes mellitus is a common endocrine disease that is characterized by
long-term complications involving the blood vessels, kidneys, nerves, and
eyes." Subsequently, for diabetic patients undergoing major surgery more
frequently than those without diabetes,” the major risk factors are heart
disease, stroke, kidney disease, blindness, and nontraumatic amputation.! Of
importance to the anesthesiologist is preoperative treatment of patients with
such complications. Some of the chronic complications of diabetes may be
prevented or improved by chronic “tight” control of Type | diabetes, to a
certain degree.® However, the benefits associated with tight control of blood
glucose are debatable when considering the benefit-to-risk ratio. For
example, tight control of blood glucose benefits diabetics that are
undergoing cardiopulmonary bypass, and those undergoing global central
nerve system ischemia, but as there is little evidence of benefit to other
groups, the benefit-to-risk ratio of tight glucose control has not been
assessed.’

The diabetic population is not homogeneous and several diabetic



syndromes exist. Hyperglycemia is a major phenotype of diabetes mellitus.

The criteria for the diagnosis of diabetes mellitus is one of the following:*

1. Symptoms of diabetes plus random blood glucose concentration > 11.1
mmol/L (200 mg/dL) since the last meal.

2. Fasting at least 8 hours plasma glucose > 7.0 mmol/L (126 mg/dL).

3. Two-hour plasma glucose > 11.1 mmol/L (200 mg/dL) during an oral
glucose tolerance test.

Depending on the etiology of the diabetes mellitus, factors contributing
to hyperglycemia may include reduced insulin secretion, decreased glucose
utilization, increased insulin resistance (IR), and increased glucose
production.® Etiologic classification of diabetes mellitus:*

l. Type | diabetes (insulin dependent diabetes mellitus, IDDM):
Causes of [-cell destruction that leading to absolute insulin
deficiency.

1. Immune-mediated
2. ldiopathic

I1.  Type Il (non-insulin dependent diabetes mellitus, NIDDM):

Range from IR with relative insulin deficiency to an insulin

secretory defect with IR.



I11.  Other specific types of diabetes
1. Genetic defects of 3-cell function of pancrease characterized
by mutations in:
. Hepatocyte nuclear transcription factor (HNF) 4o
(MODY 1)

il Glucokinase (MODY 2)
iii. HNF-1a (MODY 3)
iv.  Insulin promoter factor (IPF) 1 (MODY 4)
V. HNF-1B (MODY 5)
vi.  NeuroD1 (MODY 6)
vii.  Mitochondrial DNA
viil.  Proinsulin or insulin conversion

2. Genetic defects in insulin action:
. Type AIR
il Leperchaunism
iii.  Rabson-Mendenhall syndrome
iv.  Lipodystrophy syndromes

3. Disease of the exocrine pancreas

4. Endocrinopathies



5. Drug or chemical-induced

6. Infections

7. Uncommon forms of immune-mediated diabetes

8. Other genetic syndromes sometimes associated with diabetes

IV. Gestational diabetes mellitus.

The multifactorial causes of diabetic complications include
glycosylation of proteins and glucose reduction to sorbital (which functions
as a tissue toxin).> In addition, glycosylation of the atlanto-occipital joint
may limit joint mobility and cause difficulty with airway management
(“stiff-neck” syndrome).® Otherwise hyperglycemia is the major factor in the
development of diabetic complications.” The Somogyi effect also describes
the rebound hyperglycemia following a hypoglycemic reaction.® Careful
monitoring ensures successful management of blood glucose perioperatively.

Patients with NIDDM may develop metabolic disorder, coronary artery
disease, nephropathy, neuropathy, nontraumatic lower extremity amputations,
and adult blindness. With an increasing incidence worldwide, diabetes
mellitus will be a leading cause of morbidity and mortality for the
foreseeable future.’ In Taiwan, diabetes has become the fourth among the top

ten causes of death.1%*?



Hyperglycemic response to stress during general anesthesia

It is commonly known that an increased secretion of endogenous
catecholamines is found in a neurohormonal response to stress during
general anesthesia with subsequent increase of plasma cortisol, glucagon,
and glucose, along with hemodynamic changes of increased heart rate, blood
pressure, and cardiac output.® An increased plasma glucose level is
associated with poor clinical outcome or cell death during critical illness.
Surgical mortality rates are on average five times higher for the diabetic
population than for the non-diabetic population.®

Hyperglycemia is a common result of stress signals caused by pain and
surgical procedure.”® As we know in many reports, volatile anesthetics
directly manipulate glucose homeostasis by affecting pancreatic insulin

17 and induce hyperglycemia without surgical stress."™ '®** The

release
hyperglycemic response is also observed during isoflurane anesthesia that is
a consequence of both impaired glucose clearance and increased production
of glucose.” Both sevoflurane and isoflurane anesthesia also impair glucose

tolerance to the same degree and is independent of agent and dosage up to

1.5 minimum alveolar concentration (MAC).?



Methods to increase insulin sensitivity

There is a hope for controlling blood glucose in insulin dependent
diabetic patient since the discovery of insulin. However, the IR, especially
patients with NIDDM has been become another medical issue to be solved.
Thus, methods to increase insulin sensitivity have become importance.

In Chinese medicine, “Chi” (Qi) is a metaphysical concept of supposed
body energy that runs through 365 designated acupuncture points within the
hypothesized meridians which can be stimulated by the needles or
“moxibustion” (lighted punks of artemis vulgaris) to balance “Yin and Yang”
by relieving blockage in the flow of “Chi”.?* The regulation of Chi is also
similar to the change in the kinetic effects of insulin.**

Opioid analgesics have become the treatment of choice for the
management of pain control. Furthermore, opioid participates in the
regulation of endocrine processes, including glucose metabolism.”
Activation of p-opioid receptors on the insulin-targeted organs seems to be
an important role for lowering plasma glucose and increasing insulin
sensitivity, although the direct role of u-opioid receptors for the improving

insulin resistance has not been completely investigated.” Transcutaneous

electrical nerve stimulation (TENS) is a complementary therapy to the



pharmacological management of pain.”® Many clinical studies have reported
that TENS also is an adjunct method for the management of postoperative
pain.?”?® It has been shown that postoperative treatment with TENS results
in decreased analgesic consumption and lower incidence of postoperative
complications.”” Importantly, a study showed that stimulation of the Zusanli
(ST36) acupoint was effective in decreasing both the postoperative opioid
analgesic needed and opioid-related side effects.”® The implication of this
finding is that the location of the stimulating electrodes is significant in
determining the efficacy of TENS in reducing postoperative pain. Besides
treatment for postoperative pain, TENS has been applied to acupoints to
increase muscle strength after acute stroke.*® Of the non-pharmacological
methods to manage pain, TENS is the most non-invasive method.
Conversely, needle acupuncture is an invasive, skill-based procedure and the
possible risks of broken needles, infection and transient hypotension have
been reported.** A significant animal study using acupuncture found that rats
had enhanced hypoglycemic activity and insulin sensitivity when
electroacupuncture was applied on bilateral Zusanli acupoints.** There have
been few studies that evaluated the effects of TENS on the specific acupoints,

and as such, this clinical investigation is a pioneer study in its field also.** *



Section 2. Aims of this study

Based on findings from previous research, we hypothesized that
preoperative application of TENS to the classical Chinese acupoints Zusanli
would lower the plasma glucose and increase the sensitivity of insulin during
general anesthesia. We designed a single blind, randomized control clinical
trial to test our hypotheses that TENS has hypoglycemic activity and

improve IR.



Chapter 2. Materials and Methods
Section 1. Study design and patients
This study was designed in a single blind, randomized control trial, and
60 American Society of Anesthesiologists (ASA) physical status | or Il
female patients, scheduled for elective abdominal total hysterectomy or
laparoscopic assisted vaginal hysterectomy procedures, were enrolled in this
study after written and informed consent. The Tungs’ General Hospital
Institutional Review Board approved this study protocol (IRB97006-1).
According to the following inclusion and exclusion criteria, the patients
were grouped randomly.
Inclusion criteria:
1. 35-75 year old non-diabetic female patients.
2. Body weight: 50-80 kg.
3. ASAclass I-II.
4. Elective for lower abdominal surgery.
Exclusion criteria:
1. Heart disease, arrhythmia, inserted pace maker.
2. Cerebral vascular disease.

3. Hepatic disease (GOT, GPT > 40 IU/L).



. Renal disease (BUN > 22 mg/dL, Creatinine > 1.5 mg/dL).
. Coagulation dysfunction.

. Pregnant women.

. Pre-operative and/or intra-operative blood transfusion.

. Fisevofiurane > 2.5 % during general anesthesia.

10



Section 2. Acupoints and methods of TENS

According to the theory of traditional Chinese medicine, Zusanli
acupoint is within stomach meridian of Foot-Yang-Ming, (ST). The location
of Zusanli acupoint is inside the anterior tibia muscle three cun below knee
laterally. And the location of Sanyinjiao (SP6) acupoint is at the medial side
of the leg, three cun above the tip of the medial malleolus posterior to the
medial border of the tibia. Identification of these acupoints, attachment of
the electrodes on skin, and operation of the TENS stimulator were be
performed by the same anesthesiologist.

Due to three patients refusing to joint our clinical trial during the
preoperative visit, 57 patients were randomly assigned to receive either
transcutaneous electrical nerve stimulation (TENS group, n = 28) with
continuous mode at a frequency of 15 Hz and the intensity of 10 mA on both
Zusanli acupoints synchronously for 30 minutes or non-electrical nerve
stimulation (placebo group, n = 29) before the induction of general
anesthesia (Photograph 1, 2).

During the preoperative visit, both the placebo group and the TENS
group were informed that an electrode was to be placed on the Zusanli

acupoint and Sanyinjiao acupoint prior to the induction of anesthesia. The

11



electrodes placed for the TENS group were connected to the TENS
stimulator (HANS LY?257; Healthronics, Singapore). By contrast, the
electrodes placed for the placebo group were not connected to the TENS
stimulator.

The positive electrodes and the negative electrodes were connected to
bilateral Zusanli (ST36) and Sanyinjiao (SP6) acupoints respectively. The
TENS group was informed that the electrodes needed to be connected to the
TENS stimulator to be effective, but the placebo group was told that the
electrodes on Zusanli acupoint and Sanyinjiao acupoint were sufficient for

the treatment (Photograph 2, 3).
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Section 3. Venous blood collection

For both groups, 3 mL venous blood was drawn as the baseline before
the placement of electrodes on the bilateral Zusanli acupoints, and thus
before the commencement of TENS stimulation for the TENS group.

The continuous TENS stimulation was then started at the bilateral
Zusanli acupoints and Sanyinjiao acupoints synchronously for the TENS
group only, and TENS stimulation was automatically stopped after 30
minutes. At this point for both groups, anesthesia was induced with
intravenous anesthetics, followed by the drawing of venous blood. General
anesthesia was maintained for the duration of the surgery with 2.0 + 0.5%
sevoflurane for all patients. During 60 minutes of general anesthesia, skin
incision commenced for all patients in both groups, and blood was
subsequently drawn. At the 90-minute and 120-minute time points after the

induction of anesthesia, blood was collected for both groups.
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Section 4. Assay of plasma glucose, insulin, and insulin resistance
All the blood samples were analyzed for the plasma concentration of

glucose by automatic analyzer (HITACHI 7170A, Tokyo, Japan). And the

plasma concentration of insulin was analyzed by the human enzyme-linked

immunosorbent assays (ELISA, DSL-10-1600, Diagnostic System

Laboratories. INC; Webster, Texas, USA) in both groups. The procedures are

as below:

1. Mark the microtitration strips to be used.

2. Add 25 pL serum to standard samples into the appropriate wells.

3. Add 100 pL of the Insulin Antibody-Enzyme Conjugate Solution into
each well.

4. Incubate the wells, shaking at a fast speed (500-700 rpm) on an orbital
shaker, at room temperature of 25°C for one hour.

5. Aspirate and wash each well 5 times for 30 seconds with 200 pL washing
buffer. Blot and dry by inverting plate on absorbent material.

6. Add 100 pL of the TMB Chromogen solution to each well.

7. Incubate the wells, shaking at a fast speed (500-700 rpm) on an orbital
shaker, at room temperature of 25°C for 10 minutes and avoid exposure

to direct sunlight.

14



8. Add 100 pL of 0.2 M sulfuric acidic stopping solution to each well.
9. Read the absorbance of the solution in the well within 30 minutes by
wavelength at 450 nm.
Insulin resistance (IR) was assessed by using the homeostasis model
assessment (HOMA) index.* HOMA-IR = FG (mg/dL) x FI (ulU/mL) /
22.5. Where FG and FI represented as fasting plasma glucose and fasting

plasma insulin, respectively.
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Section 5. General anesthesia and monitoring

General anesthesia was induced with intravenous fentanyl (2 ng/kg),
thiamylal sodium (4-5 mg/kg), 2% lidocaine (1 mg/kg), and esmeron (0.8-1
mg/kg) for facilitating tracheal intubation. The anesthesia was maintained by
2.0 + 0.5% sevoflurane in 100% oxygen. No additional opioid analgesics
were given intraoperatively. Intravenous route was setup with 0.9% normal
saline for all patients in this clinical trail preoperatively and intraoperatively.
During general anesthesia, heart rate, non-invasive blood pressure, pulse
oximetry, body temperature, FiO,, End-tidal CO,, Fis,, and End-tidalsey,
were monitored completely. The room temperature of operation room is set

within the standard range of 18-25°C.
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Section 6. Statistical analysis

The demographic data for all the patients were expressed as mean +
SEM using Student’s t-test in Table 1. All values were expressed as mean +
SEM in the figures. “n” was represented as number of patients in each group.
The One-way ANOVA method was applied to compare the values of the
plasma glucose levels in each group. A self-paired t-test was applied in the
dependent samples to compare levels before and after TENS in TENS group
or same conditions as TENS group without stimulation in placebo group. For
all comparisons, p < 0.05 was considered statistically significant.

The hypoglycemic activity (HA) (%) was calculated: HA = (PG;-PGy) +
PG, x 100%. Where PG; and PG, represented as plasma glucose level of one

time point and plasma glucose level at the beginning, respectively.

17



Chapter 3. Results

Both the demographic and clinical variables of 52 intend to analyze
patients were comparable between these two groups. There were no
significant differences in the patients’ age, weight, surgical time, and type of
operation between TENS group and placebo group (Table 1). The
concentration of supplied sevoflurane and end-tidal sevoflurane in
percentage was not significantly different between TENS group and placebo
group statistically (Table 1).

Initially, there was no significant difference between TENS group and
the placebo group in the plasma glucose level (Figure 1). Statistically
significant plasma glucose lowering effects were obtained after 15 Hz, 10
mA, and 30 minutes of TENS on bilateral Zusanli acupoints during the
period of general anesthesia induction and surgical incision in TENS group
(**p < 0.005) (Figurel). On the other hand, the levels of plasma glucose in
TENS group were significant different from placebo group at 30 and 60
minutes under general anesthesia statistically (**p < 0.005). In addition,
plasma glucose levels were also found statistically significant difference at
60 minutes and 90 minutes of general anesthesia between TENS group and

placebo group (**p < 0.005 and *p < 0.05, respectively) (Figure 1).

18



The results of HA were shown in Figure 2. In TENS group, the
hypoglycemic effect was obtained 13.2 + 2.5% and 11.4 + 2.7% after 30
minutes and 60 minutes of TENS respectively. No further hypoglycemic
activities were noted after 90 and 120 minutes of TENS in TENS group.
Furthermore, there were statistically significant differences of the
hypoglycemic effect after 30, 60, and 90 minutes TENS between TENS
group and placebo group (Figure 2). Although the level of plasma glucose
was increased in 90 and 120 minutes after TENS in TENS group, the
percentage of hypoglycemic activity was still lower than the placebo group
at the same points of time (Figure 2). In the placebo group, the plasma
glucose increased during induction of general anesthesia, surgical incision,
and throughout the operation (Figure 1).

Although there was no statistically significant difference in the level of
plasma insulin between TENS group and placebo group during the period of
induction of general anesthesia and/or the time of surgical incision (Figure
3), the significant difference in hypoglycemic effect was found at the same
point of time in TENS group than in placebo group. As well, the plasma
insulin levels were statistically significant lower in TENS group (90 and 120

minutes after TENS, p < 0.01 and p < 0.005, respectively) than in placebo

19



group during surgical procedure (Figure 3). These results indicated that the
sensitivity of plasma insulin was increased in TENS group compared to the
placebo group. On the other hand, the IR increased during general anesthesia
by using the inhalation of sevoflurane.

The HOMA index of the TENS group was also statistically significant

lower in TENS group than placebo group (Figure 4).
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Table 1. Demographic data and clinical variables of 52 intend to analyze
patients of the placebo group and the TENS group.

Placebo group TENS group p value
n (number of patients intend to
26 26 -

analyze)
Age (years, mean £ SEM) 444+1.6 436+1.3 0.69
Gender, male / female 0/26 0/26 -
Body weight (kg, mean £ SEM) 64.3+2.2 63.1+1.9 0.68
Type of operation (L /T) 15/11 10/16 0.26
Duration of operation

2.7+0.1 3.0+0.2 0.1
(hours, mean + SEM)
Fisevo (20) 1.9+0.3 1.9+0.2 0.58
Fetsevo (20) 1.8+0.3 1.7+£0.2 0.54

The demographic data were compared by the Student’s t-test for all the
patients. We used Chi-square test to analyze the type of operation.
L= Laparoscopic assisted vaginal hysterectomy

T = Total abdominal hysterectomy
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The Consort E-Flowchart Aug. 2005

Assessed for eligibility

(n=60)
‘ N\
[ Enrollment
J
Randomized
(n=57)

Allocated to placebo group
(n=29) ]
Allocation

Received allocated
intervention
(n=29)

Lost to follow-up (n = 0) Follow-Up
Excluded from analysis (n = 3)
Give reasons: Sevoflurane > 2.5
%

Analyzed (n = 26) [ Analysis }

Excluded (n = 3)
Refused to participate
(n=3)

Allocated to TENS group
(n =28)
Received allocated
intervention
(n =28)

Lost to follow-up (n = 0)
Excluded from analysis (n = 2)
Give reasons: Sevoflurane > 2.5
%

Analyzed (n= 26)




150

140 —&— Placebo (n=26)
—O— TENS (n=26)

130 A

*%*

120 *k

110 +

100

90 +

Plasma Glucose (mg/dL)

80 +

70 T T T T T
Baseline 30 60 90 120

Minutes of general anesthesia

Figure 1. Plasma glucose lowering effect: Plasma glucose lowering effect
was obtained after 15 Hz, 10 mA TENS at bilateral Zusanli acupoints for 30
minutes in TENS group. Placebo group = same conditions as TENS group
without stimulation. 30 minutes = period of general anesthesia induction. 60
minutes = surgical incision under general anesthesia. * p < 0.05, ** p <

0.005 vs. the placebo group at the same time.
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Figure 2. Hypoglycemic activity: The significant difference in

hypoglycemic activity (%) showed between placebo group and TENS group.

*p<0.01, ** p<0.001.
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Figure 3. Comparing the plasma insulin level during general anesthesia:
Comparing the plasma insulin level during general anesthesia between
TENS group and placebo group. Baseline = plasma insulin level before
general anesthesia. TENS = 15 Hz, 10 mA TENS at bilateral Zusanli
acupoints for 30 minutes. Placebo group = the same conditions as TENS
group without TENS * p < 0.01, ** p < 0.005 vs. the placebo group at the

same time.
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Figure 4. HOMA index represented insulin sensitivity of general anesthesia
in a time course curve. TENS = 15 Hz, 10 mA TENS at bilateral Zusanli
acupoints for 30 minutes in TENS group. Placebo = same conditions as

TENS group without stimulation. * p < 0.03, ** p < 0.02, *** p < 0.01.
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Photograph 1: The operating TENS stimulator: TENS at bilateral Zusanli
acupoints and Sanyinjiao acupoint with continuous mode at the frequency of
15 Hz and the intensity of 10 mA synchronously for 30 minutes by HANS

stimulator.
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Photograph 2: The connection of HANS stimulator between acupoints: By
means of HANS stimulator, the positive (red) electrodes and the negative
electrodes (black) were connected to bilateral Zusanli and Sanyinjiao

acupoints respectively.
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Photograph 3: Lateral view of TENS at bilateral Zusanli acupoints and

Sanyinjiao acupoints.

29



Chapter 4. Discussion

Our study is a pioneer in the investigation of a complementary
non-pharmacologic treatment as an adjunct for lowering hyperglycemia
during general anesthesia. The findings of this study suggest that TENS on
Zusanli acupoints with the frequency of 15 Hz and the intensity of 10 mA
has both effects of lowering plasma glucose and increasing insulin
sensitivity.

According to the theory of traditional Chinese medicine, acupuncture
regulates “Chi” which runs through all the meridians of whole body.** *
Manipulation of a needle in an acupoint produces a slow increase of the skin
pain threshold, which reaches the peak within 30 minutes, followed by an
exponential decay after the removal of the needle.*® Furthermore, electrical
stimulation via skin patch electrodes is as effective as electroacupuncture
than manual acupuncture.®® Thus, we performed an interval of 30 minutes
TENS stimulation in TENS group. However, we have not yet clarify the

efficiency of lowering plasma glucose and improving insulin resistance at

different frequencies and/or different intensities of TENS stimulation at the
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specific acupoints. In addition, the dense and disperse mode of action with
alternating 2 and 100 Hz can be applied two different ways to produced a
maximized analgesic effect in electroacupuncture practice.®® In our clinical
investigation, we applied the continuous mode on bilateral Zusanli acupoints
synchronously to determine the hypoglycemic effect and to improve insulin
resistance by TENS. Previous animal studies showed that continuous mode
of electroacupuncture with 15 Hz, 10 mA for 30 minutes was an effective
method to decrease plasma glucose level and increase insulin sensitivity
simultaneously.* Thus, an interesting topic arose from further comparison of
the effectiveness of lowering plasma glucose and increasing insulin
sensitivity between electroacupuncture and TENS during general anesthesia.

In the placebo group, both plasma glucose levels at 90 minutes and 120
minutes of general anesthesia, using sevoflurane, were statistically
significantly higher than baseline level (p < 0.001). At the same time, the
level of secretory endogenous insulin was elevated (Figure 3). All the above
data indicates that insulin resistance increased as represented by a
statistically elevation of HOMA index during general anesthesia.

As another issue, IR results in a defined decreased physiological

response, compared to the response for normal quality and quantity of
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insulin, as represented by the problem of glucose utilization in peripheral
tissues such as muscle and adipose tissue. In addition, hyperglycemia,
elevated free fatty acid, and IR are the main mechanisms involved in the
accelerated atherosclerotic process and coronary artery disease observed in
type Il diabetes mellitus. Moreover, the elevated concentration of plasma
free fatty acid that decreased IRS-1-associated phosphatidylinositol 3-kinase
(PI 3-kinase) activity and inhibited of translocation of intracellular vesicles
containing GLUT4 glucose transporter to the plasma membrane resulting in
the diminution of glucose transport or phosphorylation activity in human
skeletal muscle, is considered to be an important factor of increasing insulin
resistance.®” Although TENS can lower HOMA index in our clinical study,
we have found that there are no statistically significant difference in the
plasma level of free fatty acid between TENS group and placebo group
during this short period time of general anesthesia.

Activating the peripheral p-opioid receptor plays an important role for
lowering plasma glucose and improving insulin resistance.”> However,
opiates may have pharmacological central side effects or may lead to drug
addiction. In an animal study, electroacupuncture is also an effective method

to activate B-endorphin that act on p-opioid receptor to lower plasma
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glucose level and improve insulin sensitivity.?* ***° Additionally, different
types of endogenous opioid peptide can be activated by different frequencies
of electroacupuncture.® The previous study showed 2 Hz electroacupuncture
produced a 7-fold increase in met-enkephalin that acts on p and & opioid
receptors while 100 Hz electroacupuncture produced a 2-fold increase in the
release of dynorphin A that act on k receptor.® In a chart with a log scale, 15
Hz is in the middle point between 2 and 100 Hz, which can partially activate
both sides.®® This is the best as it activates the release of enkephalin and
B-endorphin, mixed p and & opioid receptor agonists.”® Moreover, TENS is
also as effective as electroacupuncture.”® However, electroacupuncture
requires skill, needles may break, and it is not convenient to use
electroacupuncture in a busy operation room.

There is a limitation to clarify the mechanism of B-endorphin involved
in the hypoglycemic effect and IR improvement in clinical practice of

anesthesiology. This is another issue for further investigation.
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Chapter 5. Conclusion
We concluded that using the continuous mode with frequency of 15 Hz
and intensity of 10 mA for 30 minutes synchronously on bilateral Zusanli
acupoints made TENS a safe and reliable therapeutic procedure for lowering
plasma glucose level, improving insulin resistance, and increasing
hypoglycemic activity without any complications and adverse effects during
general  anesthesia. =~ TENS  also  represents a  cost-efficient,
operation-convenient, and efficacious treatment modality that could be

readily applied to patients during general anesthesia.
We suggest that TENS of the Zusanli acupoint can be used as a
complementary method for controlling plasma glucose and improving IR

perioperatively.
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Introduction

Acupuncture and transcutaneous electrical nerve stimulation (TENS)
have been used as a complementary management of pain relief
postoperatively. However, there have been few clinical studies that
investigate the effects of TENS in autonomic nerve systems on the specific
acupoints during general anesthesia. Sympathetic nerve system stimulation
accompanied with high blood pressure and the tachycardia have been noted
during intubation of tracheal even with the standard dosage of intravenous

anesthetics to induce general anesthesia.

Materials and Methods

We designed a single blind clinical study to investigate the effect of
transcutaneous electrical nerve stimulation (TENS) of bilateral Zusanli
acupoints (ST36) preoperatively to diminish the elevation of blood pressure
and heart rate during endotracheal intubation. After we obtained written,
informed consent, 52 ASA physical status | or Il women scheduled for
elective total abdominal hysterectomy or laparoscopic assisted virginal
hysterectomy procedures with a standardized general anesthesia were

randomly assigned to one of two groups. Placebo group: sham TENS (no
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electrical current) (n = 26) at the bilateral Zusanli (ST36) acupoints; TENS
group (n = 26): the frequency of TENS was set in the continue mode of 15
Hz synchronously on the bilateral Zusanli acupoints for 30 minutes. The
intensity of stimulation was set at 10 mA for patients in TENS group. The
TENS stimulator (HAN LY257; Healthtronics, Singapore) was applied to
each patients in TENS group before 30 minutes of the pre-induction of
general anesthesia. Patients with a previous experience of acupuncture
therapy, as well as those with clinically significant cardiovascular,
pulmonary, renal, hepatic, and neurologic diseases were excluded from
participating in this study. The induction of general anesthesia was
performed with intravenous fentanyl 2 mL and thiopental 5 mg/kg. Tracheal
intubation was facilitated with intravenous rocuronii 1 mg/kg within 30
seconds by the same experienced anesthesiologist. We monitored all the
patients with the same Dash 5000 monitor (GE) and printed out all the
values of systolic, diastolic blood pressure and heart rates before and after

intubation immediately.
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Results

These two groups were comparable with respect of both demographic
and the dosage of intravenous anesthetics which had been given for the
induction of general anesthesia. There were no statistically significant
differences in the patients’ age, weight between these two groups of patients
(Table 1). As the data showed, preoperative TENS of bilateral Zusanli
acupoints diminished the elevation of blood pressure and heart rate during

endotracheal intubation (p < 0.05 compared with the control group).

Discussion

This study shows the benefits of wusing a nonpharmacologic
complimentary therapy to control blood pressure during endotracheal
intubation. We do not know the mechanism between TENS and autonomic
nerve system clearly. TENS application normalized the sympathovagal
balance had been reported. In addition, the numbers of sample size must
increase to a significant statistic to support our evidence-based clinical trial.
When TENS was applied at the Zusanli acupoints, the immunoreactive
metenkephalin-arg-phe was found increased in the lumbar cerebrospinal

fluid in a human study, showed highly effective in relieving lower abdominal
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pain.

Conclusion

We concluded preoperative TENS on bilateral Zusanli acupoints offers
an effective treatment in decreasing the elevation of blood pressure and heart
rate in the period of endotracheal intubation during general anesthesia, but

further study is necessary.
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Table 1. Demographic data and clinical variables for the placebo group and
the TENS group

Placebo group TENS group p value

n (number of patients) 26 26 -
Age (years, mean + SD) 444+1.6 436+1.3 0.69
Gender, male / female 0/26 0/26 -
Body weight (kg, mean £ SD) 64.3+2.2 63.1+19 0.68
Type of operation (L /T) 15/11 10/16 0.26
Duration of operation (hours,

27+0.1 3.0+0.2 0.1
mean = SD)
Citosol (median, mg) 300 300 0.73
Fentanyl (mL) 2 2 -
Xylocaine (median, mg) 60 60 0.97
Esmeron (median, mg) 50 50 0.79

The demographic data were compared by the Student’s t-test for all the
patients. We used Chi-square test to analyze the type of operation.
L = Laparoscopic assisted vaginal hysterectomy

T = Total abdominal hysterectomy
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Figure 1. There was statistically significant difference in systolic blood
pressure after endotracheal intubation between TENS group and placebo
group. * P <0.005
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Diastolic Blood Pressure
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Figure 2. There was statistically significant difference in diastolic blood
pressure after endotracheal intubation between TENS group and placebo
group. * P<0.05

49



Heart Rate
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Figure 3. The comparison of hear rate before and after endotracheal
intubation between TENS group and placebo group. There have no
statistically significant difference in elevation of heart rate after endotracheal
intubation between these two groups.
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