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Comparison of the effects of cranial 
electrotherapy stimulation and midazolam as 
preoperative treatment in geriatric patients
A CONSORT-compliant randomized controlled trial
Byeong Seon Park, MDa, Sejong Jin, MDa,b , Woon Young Kim, MD, PhDa,* , Da Som Kang, MDa,  
Yoon Ji Choi, MD, PhDa, Yoon Sook Lee, MD, PhDa

Abstract 
Background: Although midazolam is widely administered as an anxiolytic premedication, it may cause over-sedation and 
hypoxia in geriatric patients. Cranial electrotherapy stimulation (CES) is a nonpharmacological device with anxiolytic effect. This 
study compared the effects of CES and midazolam as a preoperative treatment in geriatric patients.

Methods: Eighty patients, under the age of 65 to 79  years, undergoing general anesthesia were randomly assigned into 
midazolam premedication group (M group, n = 40) or CES pretreatment group (CES group, n = 40). The patients in the M group 
were intramuscularly injected with midazolam (0.07 mg/kg) 30 minutes before receiving general anesthesia. The patients in the 
CES group received 20 minutes of CES pretreatment on the day before and on the morning of the surgery.

Results: In the preoperative holding area, the anxiety score (P = .02) and the sedation score (P < .001) were significantly lower 
in the CES group compared with those in the M group. The oxygen saturations at the preoperative holding area and the operating 
room were significantly higher in the CES group than those in the M group (P < .001).

Conclusion: CES pretreatment relieved preoperative anxiety with less risk of over-sedation and respiratory depression than 
midazolam premedication in geriatric patients.

Abbreviations: CES = cranial electrotherapy stimulation, CES group = CES pretreatment group, HR = heart rate, M group = 
midazolam premedication group, OR = operating room, PHA = preoperative holding area.

Keywords: anxiety, cranial electrotherapy stimulation, geriatrics, midazolam

1. Introduction

Controlling preoperative anxiety is one of challenges that anes-
thesiologists face. Perks et al[1] reported that the incidence of 
preoperative anxiety ranges from 62% to 90% in patients 
scheduled for surgery. Preoperative anxiety is commonly related 
to the fear for general anesthesia, postoperative pain, prognosis, 
and death.[2] Preoperative anxiety affects patients not only psy-
chologically but also physiologically; uncontrolled preoperative 
anxiety may lead to hypertension, tachycardia, sweating, and 
nausea.[3] It has also been identified that preoperative anxiety 
may manipulate neuroendocrine response in the postoperative 
recovery period, which may result in deleterious outcomes.[4] 
Moreover, a strong correlation has been observed between pre-
operative anxiety and prolonged hospital stay as well as the dis-
satisfaction of the surgical prognosis.[4,5]

Midazolam premedication is the most commonly used 
method to relieve preoperative anxiety.[6] Midazolam, which is a 
benzodiazepine derivative, rapidly crosses the blood-brain bar-
rier at physiologic pH and acts on gamma-aminobutyric acid-A 
receptors,[7] producing hypnosis, amnesia, and anti-anxiety 
effects.[8] Midazolam is widely preferred due to its short elim-
ination half-time and minimal hemodynamic effects in sedative 
dose.[8,9]

Midazolam, however, should be used with precaution, espe-
cially in elderly patients. If not used in adequate dose, midazolam 
may cause excessive sedative action, perioperative confusion, 
and delirium.[10,11] Midazolam may cause respiratory depres-
sion, as a result of undesired depressant effect on the central 
nervous system.[12] The administration of midazolam may also 
impair airway patency since it is known that midazolam may 
cause loss of airway muscle tone.[13] These midazolam-induced 
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side effects may be highlighted in elderly patients due to their 
physiologically reduced organ function and modified redistri-
bution kinetics.[10]

Cranial electrotherapy stimulation (CES) is a nondrug 
approach expected to have an anxiolytic effect.[14,15] CES is 
a noninvasive treatment by which microcurrent is delivered 
to the cranium through an electrode attached to the earlobe. 
Although the mechanism of its effect is unclear, it is assumed 
that by stimulating neurons in the brainstem, microcurrents 
increase the production of neurotransmitters, such as serotonin, 
and restores the brain’s biochemical homeostasis disturbed 
by stress.[16] CES directly affects the activities of the brain’s 
hypothalamic, limbic, and reticular activating systems.[17] It 
increases the alpha waves in electroencephalography, and such 
“alpha state” induces a relaxed mood and improves aware-
ness and perception.[18] Due to its anxiolytic effect, CES may 
be applied to patients undergoing surgery for relaxation.[14] It 
is reported that CES may reduce preoperative anxiety in surgi-
cal patients, and therefore anesthesiologists may consider CES 
pretreatment as an alternative to midazolam premedication for 
geriatric patients who exhibit risk factors for pharmacologic 
sedatives.[18]

CES, unlike midazolam pretreatment, has not been reported 
to have deleterious side effects, such as residual sedation or 
respiratory depression.[19] In this study, CES pretreatment and 
midazolam premedication, which requires precaution in elderly 
patients, were applied to elderly patients to compare the anxi-
olytic effect and the occurrence of respiratory depression and 
over-sedation.

2. Patients and Methods

2.1. Patients

This study was conducted at the Department of Anesthesiology 
and Pain Medicine, Ansan Hospital of Korea University College of 
Medicine. The protocol was approved by the hospital’s institutional 
review board (2020AS0142) and registered at the Clinical Research 
Information Service (KCT0006110). Written informed consent was 
obtained from all patients participating in this study.

Eligible patients were aged 65 to 79 years old with American 
Society of Anesthesiologists Physical Status Classification II 
or III, scheduled for elective surgery under general anesthesia. 
The exclusion criteria included psychiatric medications, obesity 
(body mass index >30 kg/m2), chronic alcoholism, liver cirrho-
sis, serious renal disease, endocrine or neuromuscular disease, 
arrhythmia, and pacemaker or pulmonary disease. Initially, 90 
patients were recruited, but 10 patients were withdrawn either 
spontaneously or in accordance with the exclusion criteria. In 
this study, 80 patients were included and randomly divided into 
2 groups using a computer-generated randomization method: 
midazolam premedication group (M group, n = 40) and CES 
pretreatment group (CES group, n = 40) (Fig. 1).

2.2. Midazolam premedication and CES pretreatment

The patients in the M group were intramuscularly injected with 
midazolam (0.07  mg/kg) 30  minutes before receiving general 
anesthesia, whereas the patients in the CES group received 
20 minutes of CES pretreatment on the day before and on the 
morning of the surgery. A microcurrent stimulator (Alpha-Stim 
100; Electromedical Products International, Inc., Mineral Wells, 
TX) was used (Fig. 2). The electrode clips of the microcurrent 
stimulator were attached to the patient’s earlobe, and the micro-
current was adjusted to the power of which the patient expe-
rienced light dizziness and a tingling sensation. The power of 
the microcurrent was limited between 200 µA and 0.5 Hz. All 
patients were premedicated via intramuscular injection of gly-
copyrrolate (0.005 mg/kg) 30 minutes before receiving general 
anesthesia.

2.3. Clinical measurements and data collection

Preoperative anxiety, sedation level, and vital signs (blood pres-
sure, heart rate [HR], and oxygen saturation) were evaluated. 
Preoperative anxiety was evaluated via a 5-point Likert scale: 
(1) not at all, (2) mild, (3) intermediate, (4) moderate, and (5) 
severe. The sedation score was assessed using the Ramsay seda-
tion scale (Table 1). The anxiety score, sedation score, and vital 
signs (systolic and diastolic blood pressure, mean blood pres-
sure, HR, and oxygen saturation) were assessed on the night 
before (baseline) and on the day of the surgery in the preopera-
tive holding area (PHA) and in the operating room (OR) before 
anesthesia induction. Different investigators performed pre-an-
esthesia visits, assessment of preoperative anxiety scores and 
sedation levels, midazolam premedication, CES pretreatment, 
and anesthesia induction.

Anesthesia was induced with intravenous injection of propo-
fol (2.0 mg/kg) and rocuronium (0.9 mg/kg). Three minutes of 
mask ventilation with sevoflurane administration (3 vol%) at 
an oxygenated air flow of 8 L/min and a fraction of inspired 
oxygen of 1.0 was performed before intubation.

2.4. Statistical analysis

The SPSS software version 25.0 for Windows (SPSS Inc., 
Chicago, IL) was used for statistical analysis. All data except sex 

Figure 1. CONSORT flow diagram. CES group = CES pretreatment group, 
M group = midazolam premedication group.

Figure 2. Cranial electrotherapy stimulation unit. The Alpha-Stim 100 
(Electromedical Products International Inc, Mineral Wells, TX) cranial electro-
therapy stimulation unit was used in the study.
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were presented as the mean ± standard deviation. Demographic 
data were analyzed using either the Mann–Whitney U test, the 
independent t test, or the chi-square test. A P value of <.01 was 
considered statistically significant after Bonferroni correction. 
The preoperative anxiety score and sedation score were ana-
lyzed via the chi-square test. A P value of <.05 was considered 
statistically significant. Vital signs of each group on the night 
before surgery, on the day of the surgery in the PHA, and in 
the OR before anesthesia induction were analyzed via the 
Mann–Whitney U test or the independent t test. A P value of 
<.0033 was considered statistically significant after Bonferroni 
correction.

3. Results
No significant differences in age, sex, weight, height, history 
of previous surgery, operation time, or anesthesia time were 
observed between the M group and the CES group (Table 2). 
The anxiety scores in the PHA were significantly lower in the 
CES group compared with the M group (P = .02). No signifi-
cant difference was observed in the anxiety scores in the general 
ward on the night before the surgery and in the OR between 
the 2 groups (Table 3). The sedation scores in the PHA were 
significantly lower in the CES group than those in the M group 
(P < .001). However, no significant difference in the sedation 
scores was observed in the general ward and OR between the 2 
groups (Table 3).

The M group and the CES group showed no significant dif-
ferences in systolic, diastolic, and mean blood pressures in the 
general ward on the night before surgery, in the PHA, and in the 
OR. No significant difference in HR was observed in the general 
ward on the night before surgery and in the PHA. However, HRs 
in the OR were significantly slower in the M group than those 
in the CES group (M premedication group, 69.2 ± 10.5 beats/
min; CES group, 79.6 ± 15.3  beats/min) (Table  4) (P < .001). 
Finally, the M group and CES group showed no significant dif-
ference in baseline oxygen saturation in the general ward on the 

night before. Oxygen saturations in the PHA (M group, 94.3% 
± 2.4%; CES group, 97.4% ± 1.8%) and the OR (M group, 
95.9% ± 1.8%; CES group, 97.5% ± 1.6%) were significantly 
higher in the CES group than those in the M group (Table 4) (P 
< .001).

4. Discussion
CES pretreatment demonstrated to provide preoperative anxi-
olytic effect with, in comparison with the midazolam premedi-
cation, less risk of over-sedation and respiratory depression in 
geriatric patients.

The importance of preoperative anxiolysis in geriatric patients 
has been highlighted in many studies. Preoperative anxiety not 
only affects patients psychologically but also physiologically. 
Excessive anxiety activates the sympathetic nervous system and 
increases the level of corticosteroid, thereby causing hemody-
namic instability.[20] Preoperative anxiety increases postoperative 
pain, demand for painkillers, and postoperative complications, 
along with morbidity and mortality. Geriatric patients may be 
more susceptible to these physiological responses. Normal aging 
process is accompanied by the gradual degeneration of the auto-
nomic nervous system and reduced adaptability.[21] The homeo-
static balance of aged patients is easily disturbed by exogenous 
stimuli.[20,22]

Preoperative anxiety manifests to various ranges depend-
ing on the patient. Many factors can contribute to preop-
erative anxiety level.[23] It is generally accepted that female 
patients tend to experience more preoperative anxiety than 
male patients.[24] In this study, similar results were obtained 
for anxiety scores in the general ward and the PHA, but 
not in the operation room (Table S1, Supplemental Digital 
Content 1, http://links.lww.com/MD/H161). Although incon-
sistent results were reported among studies, young age, high 
education level, and no experience in surgery or anesthesia 
are also considered potential risk factors of high preopera-
tive anxiety.[23,25] There was no statistical difference accord-
ing to the history of previous surgery in this study (Table S2, 
Supplemental Digital Content 2, http://links.lww.com/MD/
H162). In addition to these sociodemographic factors, surgi-
cal or anesthetic factors were also considered as predictors of 
preoperative anxiety. The level of preoperative anxiety may 
vary depending on the diagnosis (cancer, etc), the invasiveness 
of surgery, and the purpose of surgery (diagnostic, curative, 
or palliative).[24] There may also be differences in preopera-
tive anxiety depending on the type of anesthesia (general or 
regional).[25] It may be beneficial to detect high-risk groups of 
preoperative anxiety and provide appropriate interventions in 
advance, although the clinical benefit has not been identified 
clearly.

Midazolam, a potent benzodiazepine, is widely admin-
istered as an anxiolytic premedication. Anesthesiologists 

Table 1

Assessment of sedation levels (Ramsay sedation scale).

Level Response 

1 Awake and anxious, agitated, or restless

2 Awake, cooperative accepting ventilation, oriented, tranquil

3 Awake; responds only to commands

4 Asleep; brisk response to light glabellar tap or loud noise

5 Asleep; sluggish response to light glabellar tap or loud noise stimulus but 
does not respond to painful response

6 Movement above shoulder, general response

Table 2

Demographic data.

 M group (n = 40) CES group (n = 40) P value 

Age (yr) 70.3 ± 3.9 69.3 ± 3.6 .25

Sex (M/F) 22 (55%)/18 (45%) 21 (52.5%)/19 (47.5%) >.99

Weight (kg) 61.8 ± 7.5 63.9 ± 9.1 .25

Height (cm) 158.7 ± 8.8 158.8 ± 6.9 .77

History of previous surgery 28 (70%) 27 (67.5%) >.99

OP times (min) 155.5 ± 116.3 125.8 ± 97.6 .20

GA times (min) 201.5 ± 127.7 165.1 ± 104.0 .18

The values are expressed as mean ± SD. No statistical differences were observed between both groups (Mann–Whitney U test, independent t test or chi-square test).
CES group = cranial electrotherapy stimulation pretreatment group, GA times = general anesthesia time, M group = midazolam premedication group, OP times = operation time.
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should be aware that midazolam may induce optimal seda-
tion and relaxation, but with excessive dose, it may cause 
over-sedation, perioperative confusion, and respiratory 
depression.[26,27] Particularly, the respiratory depressive effect 
of midazolam premedication may be critical in geriatric 
patients since aging is associated with decreased pulmonary 
performance. The physiological aging of the pulmonary sys-
tem is accompanied by the decrease in the elasticity of the 

lungs and chest wall compliance.[28] Considering the risk, in 
clinical situations, anesthesiologists tend to give up midaz-
olam premedication for geriatric patients.

CES is a nonpharmacological treatment that delivers low-in-
tensity electric current to the cranium through electrodes applied 
to both sides of the head. Various CES-based devices have been 
approved by the United States Food and Drug Administration as 
an adjuvant treatment for depression, anxiety, and insomnia.[29]

Table 3 

Changes in anxiety and sedation score.

 Anxiety score M group (n = 40) CES group (n = 40) P value Ramsay sedation scale M group (n = 40) CES group (n = 40) P value 

GW 1 14 (35.0%) 10 (25.0%) .20 1 8 (20.0%) 11 (27.5%) .60

2 15 (37.5%) 12 (30%) 2 32 (80.0%) 29 (72.5%)

3 6 (15.0%) 15 (37.5%) 3 0 0

4 4 (10.0%) 3 (7.5%) 4 0 0

5 1 (2.5%) 0 5 0 0

6 0 0

PHA 1 14 (35.0%) 12 (30.0%) .02* 1 1 (2.5%) 3 (7.5%) <.001*

2 14 (35.0%) 22 (55.0%) 2 22 (55.0%) 37 (92.5%)

3 4 (10.0%) 6 (15.0%) 3 15 (37.5%) 0

4 8 (20.0%) 0 4 2 (5.0%) 0

5 0 0 5 0 0

6 0 0

OR 1 9 (22.5%) 10 (25.0%) .05 1 1 (2.5%) 2 (5.0%) .07

2 16 (40.0%) 23 (57.5%) 2 33 (82.5%) 38 (95.0%)

3 6 (15.0%) 6 (15.0%) 3 4 (10.0%) 0

4 9 (22.5%) 1 (2.5%) 4 1 (2.5%) 0

5 0 0 5 0 0

6 1 (2.5%) 0

Anxiety score was graded using a 5-point Likert scale (1 [lowest] to 5 [highest]). Sedation score was graded using the Ramsay sedation scale. The values are presented as the number of patients with 
percentages.
CES group = cranial electrotherapy stimulation pretreatment group, GW = general ward, M group = midazolam premedication group, OR = operating room, PHA = preoperative holding area.
*P < .05 compared with the M group (chi-square test).

Table 4 

Comparison of blood pressure, heart rate, and SpO2.

  M group (n = 40) CES group (n = 40) P value 

SBP (mm Hg) GW 129.7 ± 13.8 134.8 ± 17.2 .15

PHA 140.7 ± 24.4 140.2 ± 17.4 .91

OR 148.2 ± 24.0 152.8 ± 20.7 .37

DBP (mm Hg) GW 74.8 ± 10.1 77.6 ± 11.1 .24

PHA 81.7 ± 10.9 80.1 ± 9.1 .69

OR 77.4 ± 10.3 83.4 ± 11.9 .02

MAP (mm Hg) GW 93.9 ± 8.6 96.6 ± 11.4 .24

PHA 103.2 ± 14.4 101.5 ± 11.6 .57

OR 107.2 ± 15.2 112.5 ± 13.9 .10

HR (beats/m) GW 73.2 ± 11.7 73.2 ± 13.9 .99

PHA 70.8 ± 10.6 78.1 ± 14.5 .02

OR 69.2 ± 10.5 79.6 ± 15.3 <.001*

SpO
2
 (%) GW 98.3 ± 1.2 97.7 ± 1.5 .08

PHA 94.3 ± 2.4 97.4 ± 1.8 <.001*

OR 95.9 ± 1.8 97.5 ± 1.6 <.001*

The values are expressed as mean ± SD.
CES group = cranial electrotherapy stimulation pretreatment group, DBP = diastolic blood pressure, GW = general ward, HR = heart rate, M group = midazolam premedication group, MAP = mean arterial 
pressure, OR = operating room, PHA = preoperative holding area, SBP = systolic blood pressure, SpO

2
 = peripheral capillary oxygen saturation.

*P < .0033 compared with the M group (Mann–Whitney U test or independent t test with Bonferroni correction).
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The exact mechanism of CES effect is still unclear. Some 
physiological changes by CES treatment are considered 
to explain the mechanism of CES effect. First, CES treat-
ment seems to induce changes in electroencephalography. 
Electroencephalography signals are classified according to 
frequencies, and among them, alpha waves (8–13  Hz) are 
known to be related to relaxation.[30] CES treatment appears 
to increase the alpha wave,[31] which can be interpreted as 
CES treatment induces a comfortable state. Next, it is gen-
erally believed that CES treatment directly affects the activi-
ties of hypothalamus, reticular activating system, and limbic 
system.[32] Several neuroimaging studies suggested that CES 
decreases brain activity[33] and change brain hemodynam-
ics.[34] Finally, it is considered that CES may affect levels of 
neurotransmitters or hormones, such as serotonin, endorphin, 
gamma-aminobutyric acid-A, or cortisol.[35,36] Since anxiety 
and stress are known to be closely related to neurotransmit-
ters and hormones,[37,38] their changes due to CES treatment 
may play an important role.

Surgery is a very stressful situation for patients and such acute 
stress makes the patients anxious. Several studies of patients 
undergoing dental procedures showed that CES treatment has 
an anxiolytic effect.[39,40] More importantly, previous studies by 
Kim et al[15] and Lee et al[14] reported that CES treatment can 
effectively reduce preoperative anxiety in patients aged under 
65 years. As mentioned earlier, preoperative anxiolysis is very 
important in the elderly, but geriatric patients were excluded in 
these studies. Therefore, this study was designed to apply CES 
pretreatment to elderly patients to determine whether CES pro-
vide comparable anxiolytic effect without the risk of over-seda-
tion and respiratory depression, which are possible side effects 
of midazolam premedication.

Preoperative anxiety does not begin immediately before sur-
gery but usually begins 2 days before surgery and lasts up to 
2 days after surgery.[41] In particular, the anxiety on the night 
before the operation is comparable to the anxiety 1 hour before 
the surgery.[42] Besides, the anxiolytic effect of CES can be 
obtained even with only one 20-minute session, but the effect 
may be prolonged via repeated sessions.[18] Therefore, CES pre-
treatment was performed twice, on the day before and the day 
of the surgery. For preoperative anxiolytic purposes, 0.07 to 
0.10 mg/kg IM is the dose range of midazolam, which has been 
widely recommended and studied.[8,27] This dosage is reported 
to produce adequate sedation without significantly altering 
blood pressure or HR.[43] In the study of Rochette et al,[44] where 
midazolam 0.10 mg/kg IM was premedicated in patients with 
mean age of 73.8 ± 8.2 years, 95% of patients experienced clin-
ically satisfactory anxiolytic effect without adverse reactions. In 
the present study, however, the setting dose of midazolam was 
0.07 mg/kg, the lowest dose in the recommended range, con-
sidering the physiologically reduced organ function and altered 
redistribution kinetics.

Although the exact mechanism is unclear, this study demon-
strated that CES pretreatment reduces preoperative anxiety in 
the elderly patients, as it did in previous studies on patients 
under 65 years of age.[14,15] The result that anxiety scores in PHA 
were lower in the CES group than in the M group can be con-
tributed by the protocol that CES pretreatment was done twice 
for the prolonged effect, while midazolam was administered in 
the lowest recommended dose due to concerns about physio-
logically reduced organ functions of elderly patients. Moreover, 
since the sedation scores in the PHA were significant higher in 
the M group, the accuracy of the anxiety assessment in the M 
group could have been less reliable due to altered consciousness 
level. Although there was no statistical significance (P = .05), 
the anxiety scores in the OR were lower in the CES group. We 
expect statistical significance could be obtained by increasing 
the number of experimental groups.

The levels of oxygen saturation in the PHA and the OR 
were significantly lower in the M group than in the CES 

group. The respiratory depressant effects of midazolam may 
be more critical in geriatric patients than in young patients 
since the normal aging process is accompanied by physio-
logically reduced organ function and modified redistribution 
kinetics.[10] CES may be a pretreatment option for elderly 
patients at risk of respiratory depression induced by midaz-
olam administration.

The limitation of this study is that anxiety may vary depend-
ing on the types of surgery and diagnosis. The more accurate 
data could be obtained if the study was conducted on patients 
undergoing the same surgery with the same diagnosis.

As described earlier, preoperative anxiety is influenced by 
various factors. In this study, the extent of the surgery was indi-
rectly assessed using the total operation and anesthesia time, 
and 2 groups showed no statistical difference. However, there 
may still be heterogeneity within the study population in the 
type of surgery or diagnosis, which may affect the results of this 
study. In addition, no correction was made for various socio-
demographic factors that could have an impact on the results. 
Therefore, more accurate data could be obtained if a large-scale 
study that adjusts for these factors is conducted. It is another 
limitation that patient blinding cannot be performed. Only 
observer blinding could be performed because it is a compara-
tive study of the device and the drug.

The focus of this study is the results up to the induction of 
anesthesia. As there are reports that the degree of preopera-
tive anxiety affects postoperative outcomes, follow-up studies 
examining the long-term effects of CES pretreatment might be 
important. Also, mechanisms of CES treatment were not inves-
tigated in this study. Since there is no definitive evidence for the 
mechanism of CES pretreatment, further studies are necessary, 
especially in the preoperative setting.

Nevertheless, this is the first study to investigate the preoper-
ative anxiolytic effect of CES pretreatment in geriatric patients. 
In this study, CES pretreatment reduced preoperative anxiety 
without respiratory depression and over-sedation in elderly 
patients, compared with midazolam. Therefore, we expect CES 
pretreatment can be a useful pretreatment option for preop-
erative anxiolysis, especially in elderly patients at high risk of 
hypoxia following midazolam premedication. Furthermore, 
with adequately managed anxiety, patients might be stable phys-
iologically as well as psychologically, and better postoperative 
outcome could be expected.

5. Conclusion
In 65- to 79-year-old patients with American Society of 
Anesthesiologists Physical Status Classification II or III, CES 
pretreatment, in comparison with the midazolam premedica-
tion, resulted in lower anxiety levels in PHA with less risk of 
over-sedation and respiratory depression before surgery.
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