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Abstract

Transcutaneous electrical acupoint stimulation (TEAS) is an emerging therapeutic approach that combines
the effects of transcutaneous electrical nerve stimulation (TENS) with acupuncture point stimulation. Due
to its noninvasive nature, it possesses relative advantages over traditional acupuncture and needle-based
electrostimulation. Despite the large number of randomized clinical trials (RCTs) describing the effectiveness
of TEASin different applications, its role and mechanism are still not fully understood. The aim of this study was
to systematically compare and summarize the latest studies examining a variety of TEAS applications in clini-
cal practice. Databases, including Medline (PubMed), Cochrane Library and Google Scholar were searched
without any time restrictions (as of March 2021). The analysis was performed according to the Cochrane
(ollaboration criteria. Out of 637 studies, only 22 RCTs were selected. Nine studies evaluated the impact
of TEAS on nausea and vomiting (NV), showing beneficial effects compared to standard therapy. Eight
RCTs examined the effectiveness of TEAS in pain management, reporting pain alleviation described using
the visual analog scale (VAS) and lowering of total opioid doses. Improvement of postoperative recovery,
in vitro fertilization and pregnancy outcomes, as well as display of cardioprotective properties were found
to positively correlate with TEAS. As a noninvasive modality with advantages over classical acupuncture and
needle-based electrostimulation, TEAS may be a valuable tool in clinical practice, particularly for pain and
NV management. However, considering the methodological quality of the RCTs, rigorous large-scale clinical
trials are required to evaluate the clinical utility of this method.
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Introduction

Over the last 1,000 years, acupuncture has remained
a crucial component of Traditional Chinese Medicine.!
Originally, it was performed by applying specialized acu-
puncture needles into specific loci on the body, known
as meridians. However, during the last several decades,
the technique of acupuncture has evolved, and currently,
amodified form called transcutaneous electrical acupoint
stimulation (TEAS) has garnered widespread interest.
The TEAS is a contemporary therapeutic method com-
bining stimulation of acupuncture points and transcuta-
neous electrical nerve stimulation (TENS). Consequently,
the essence of TEAS is the stimulation of sensory nerve
endings along acupuncture meridians through the ap-
plication of low-voltage electrical current. The modality
exerts its biological effects through various molecular
pathways, including the release of endogenous opioids.?*
Hence, the results of recent studies reveal a broad spec-
trum of both therapeutic and prophylactic applications
of TEAS in clinical practice. The TEAS remains a widely
used tool with a variety of uses, including recovery of gas-
trointestinal function, reduction of the occurrence of post-
operative cognitive dysfunction, nausea and vomiting re-
lief, enhancement of immune function, protection of organ
function, acceleration of postoperative recovery, reduction
of systolic blood pressure in patients with hypertension,
and enhancement of patients’ degree of overall comfort.*
This technique has also been proven helpful in alleviating
inflammation and cancer-related pain.> Moreover, TEAS
has found a clinical application in treating various kinds
of reproductive disorders, such as polycystic ovary syn-
drome (PCOS), pain induced by oocyte retrieval, dimin-
ished ovarian reserve, embryo transfer, and oligospermia.®
Its promising potential is predominantly reported in pain
prevention, obstetrics and anesthesiology.”® Moreover,
further analysis of the literature shows that TEAS may be
utilized as a standalone therapy or as an adjuvant to estab-
lished therapies, which could positively impact the quality
of patient care. Furthermore, unlike traditional acupunc-
ture, TEAS utilizes electrodes that are fixed to the skin
through a patch, making the method noninvasive and,
above all, safe for the patient.?!° To date, its usage has been
reported in both children!! and adolescents.'*!® Further-
more, the therapy has the advantage of being easy to use
and requires minimal training for physicians, technicians
and patients. As a noninvasive acupuncture strategy, TEAS
can even be performed at home by patients themselves
without a prescription. Both patients and caregivers could
participate in the clinical application of TEAS after a short
but accurate training. However, despite many clinical ap-
plications, there are some limitations of TEAS. Firstly,
there is a significant amount of conflicting data in the lit-
erature regarding the effectiveness of the technique.!*>
Moreover, limited access to electrostimulators for patients
has also been reported to be a challenge.? In addition,
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the lack of TEAS-trained health personnel is a signifi-
cant issue that needs to be addressed.'® Growing research
on the application of TEAS in evidence-based practice
emphasizes the need to systematize the current evidence.
Therefore, we conducted a systematic review of random-
ized clinical trials (RCTs) evaluating the possible applica-
tions of TEAS in clinical practice and reviewed the benefits
in the reported indications.

Objectives

The aim of this systematic review was to compare and
summarize the findings of TEAS trials across various
medical indications and provide an evaluation of its ef-
fectiveness in comparison to placebo or standard therapy.

Materials and methods
Databases

Medline (PubMed), Cochrane Library and Google Scholar
databases were searched without any publication date re-
strictions (publication date: from inception to March 2021).
Articles published after March 2021 were not included
in this review due to either their publication date being be-
yond the custom time range or not meeting custom criteria.
Although the search strategy had to be altered to meet limi-
tations of each database, the following phrases were searched
invariably: “transcutaneous electrical acupoint stimulation”
OR“TEAS”. The aforementioned terms were searched in ti-
tles and abstracts in order to initially qualify the research
for a systematic review. Subsequently, the papers were thor-
oughly analyzed and assessed according to the Cochrane
Collaboration criterial” and Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA).

Criteria of inclusion and exclusion

For the purpose of evaluating the efficacy and efficiency
of TEAS, we included only RCTs in which the TEAS treat-
ment group received either standalone TEAS treatment
or where it was an adjuvant to standard therapy and was
compared to a) a control group (not receiving TEAS and/or
receiving standard therapy) or b) a placebo group (receiving
sham TEAS and/or standard therapy). Moreover, the par-
ticipants had to be randomly assigned to the appropriate
group, irrespective of age, sex, ethnicity, place of residence,
underlying disease, or comorbidities. It is worth noting
that not all of the analyzed RCTs contained information
about each of these patient characteristics. Furthermore,
this systematic review only considered research assessing
transdermal nerve stimulation in points typical for acu-
puncture, regardless of length, voltage or acupoint chosen
for TEAS therapy.
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The following studies were excluded from the analysis:
1) not stating inclusion or exclusion criteria; 2) evaluating
the effectiveness of traditional acupuncture, electroacu-
puncture (with the use of needles) or transdermal nerve
stimulation in loci other than acupoints; 3) assessing
the efficacy and effectiveness of TEAS without comparison
to a control group; 4) applying any — even minimal — voltage
in either the control or placebo group; 5) evaluating TEAS
in places other than acupuncture points; 6) conducted
on a pediatric population; and 7) conducted on animals.

Data extraction and assessment
of the risk of bias

One author (RK) conducted an initial analysis followed
by a detailed review of studies. The 2" author (SA) verified
the research included in the systematic review. Any dis-
crepancies were critically discussed and revised. The pri-
mary analysis of RCTs comprised of assessing their 1) va-
lidity; 2) type; 3) means of randomization; 4) description
of all medical procedures among participants (e.g., type
of anesthesia, form and dosage of medication); 5) means
of arranging experimental control and placebo groups; and
6) tools (e.g., scales, computer programs) used to extract
and present the results. The next phase of analysis in-
volved a detailed assessment of the test group, in particular
1) sample size; 2) acupuncture points applied with precise
names and locations; 3) voltage (mA), frequency (Hz) of ap-
plied current and length of therapy (s or ms); and 4) ex-
act moment of initiation of treatment (e.g., 30 min before
the general anesthesia). At the same time, in the placebo/
control group assessment, the following was examined:
1) sample size; 2) location of sham electrodes; and 3) type
of intervention.

Results

A total of 22 RCTs (Fig. 1, Table 1) that met the inclu-
sion criteria were selected from 637 studies. Almost all
of the studies were conducted in Asia (China in particular).
The included RCTs focused mainly on assessing the effi-
cacy and effectiveness of TEAS in preventing nausea and
vomiting (N'V) and pain alleviation. However, some studies
examined other indications for TEAS therapy. The RCTs
were significantly diversified in terms of the sample size,
although most of them had a small experimental TEAS and
control/placebo groups. Among the analyzed RCTs, only
a few were based on a sample of female participants only.

In terms of randomization, from a total of 22 analyzed
studies, only a few were appropriately conducted. For in-
stance, most of the excluded studies included participants
randomized using incorrect baseline information, multiple
randomizations being performed for the same participant
or a lack of double-blinding, which might have impacted
the observed outcomes.

1065

Publications searched (n = 637)

_ | Publications excluded after
| screening titles and abstracts

\i
Publications included by primary
screening (n = 55)

Publications excluded after
evaluating full texts

»| (N=33)

1. Not RCTs

2. Incorrect randomization
3. Incorrect control group

Y
| RCTs included (n = 22)

Fig. 1. Analysis of studies

RCTs — randomized controlled trials.

Effectiveness of TEAS in preventing NV

Yang et al. compared the effectiveness of TEAS with
dexamethasone (Acu group), dexamethasone with tro-
pisetron (Trp group), and dexamethasone only (Dxm
group) in counteracting postoperative nausea and vomit-
ing (PONV) 24 h after surgery. Compared to standalone
glucocorticosteroid therapy, the Acu group presented
a significantly lower risk of PONV (p = 0.048, odds ra-
tio (OR) = 0.389, 95% confidence interval (95% CI):
0.170-0.891). Simultaneously, the authors did not show
any difference in the reduction of PONV between the Acu
group and Trp group (p = 0.857). The same study showed
no difference between all of the groups in demand for anti-
emetics (Acu group: 10%, 95% CI: 1-19%; Trp group: 8%,
95% CI: 0—-15%; Dxm group: 14%, 95% CI: 4—24%).!® Simi-
larly, Liu et al. have shown the benefits of TEAS therapy
in reducing PONV incidence 24 h after operation. Authors
have noted 14/48 (30%) PONYV in the TEAS group and
31/48 (65%) in a standard therapy group. The attained re-
lation was statistically significant (p < 0.05). At the same
time, the TEAS group received fewer anti-emetics than
the control group (p < 0.05).1° Zheng et al. also observed
a reduction of PONYV in the first 24 postoperative hours
among patients receiving TEAS (5/30, 17%) in compari-
son to the control group (14/30, 47%). The correlation
was statistically significant (p < 0.05).2° Xu et al. reported
a possible efficiency in PONV prevention on the day af-
ter surgery, comparing the TEAS group to the non-TEAS
group (nausea: 33% compared to 58%, p = 0.008; vomiting:
22% compared to 41%, p = 0.025).2! On the other hand, Ho
et al. demonstrated that the occurrence of PONV was only
slightly lower in the TEAS group compared to traditional
therapy (9/25 (36%) compared to 11/25 (44%), respectively),
and the relationship was not statistically significant.??
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Table 2. Characteristics of randomized clinical trials (RCTs) assessing the effectiveness of transcutaneous electrical acupoint stimulation (TEAS) in nausea

and vomiting (NV) prophylaxis

Results

NV ora within 24 h after operation:
a) 28% (95% Cl: 15-41%) of patients in the Acu group (dexamethasone+TEAS)
b) 26% (95% Cl: 14-39%) of patients in the Trp group (dexamtethasone+tropisetron)
) 50% (95% Cl: 36-64%) of patients in the Dxm group (dexamethasone alone)

in the study group compared with the research group:
a) incidence of NV was significantly lower (p < 0.05)
b) doses of anti-emetics were significantly lower (p < 0.05)
) occurrence rate of severe nausea was significantly lower (p < 0.01)

The incidence and scores of NV in group A (with TEAS) was significantly lower than in group
B (without TEAS) (p < 0.05 or p < 0.01).

in the study group compared with the research group:
a) incidence of NV was significantly lower (p < 0.05)
b) doses of anti-emetics were significantly lower (p < 0.05)
) occurrence rate of severe nausea was significantly lower (p < 0.01)

The incidence of postoperative emesis in the TENS group was slightly lower compared with

Study gl Indication ‘
year
PONV in gynecological
Yang et al.'® 2015 patients undergoing
laparoscopic surgery
Livet al1® 2008 NV after laparoscopic
cholecystectomy
Zhen NV induced
ot al 2%] 2008 by intravenous analgesia
' with tramadol
Yuetal? 2012 _postoperative N\./ after
infratentorial craniotomy
Ho et al.?? 1990 emesis after laparoscopy
Xie ot a2 2017 chemother,j\\s)yflnduced

The differences in occurrence rates and severities of NV after TACE were not significant

the control group (9/25 compared to 11/25).

(p > 0.05).

TENS - transcutaneous electrical nerve stimulation; PONV — postoperative nausea and vomiting; 95% Cl — 95% confidence interval; TACE - transarterial

chemoembolization.

Xie et al. evaluated whether a combination of TEAS
and palonosetron might alleviate nausea and/or vomit-
ing in patients undergoing intravenous chemotherapy for
late-stage liver cancer. Results showed a reduction of NV
incidence and nausea intensity, although the correlation
was not statistically significant (p > 0.05).2% In conclusion,
the majority of the studies showed a positive role for TEAS
in the reduction of NV after surgery. However, not all RCTs
clearly present significant differences between TEAS and
non-TEAS groups in this regard. Table 2 presents a sum-
mary of RCTs assessing the effectiveness of TEAS in NV
prophylaxis.

Effectiveness of TEAS in pain alleviation

Tu et al. demonstrated that in comparison to the con-
trol group, patients receiving TEAS were characterized
by lesser pain, as evaluated using the visual analog scale
(VAS) in the 4t (p = 0.01), 12" (p = 0.03) and 24" (p < 0.01)
hour after surgery. The same study showed that patients
in the TEAS group received fewer analgesics during
the first 48 h post-operation compared to the control group
(127.14 +28.46 compared to 415.27 +86.37, p < 0.01).2*
AminiSaman et al. investigated the relationship between
TEAS and pain reduction after mechanical lung venti-
lation. Compared to the control group, the TEAS group
was less prone to pain (p < 0.05) and, simultaneously, re-
ceived fewer analog-sedatives in the postoperative period.?®
Similar results were obtained by Yeh et al.2¢ and Wang
et al.?” On the other hand, Liu et al. evaluated whether
the use of TEAS could affect the course of anesthesia and

analgesia in patients undergoing supratentorial craniot-
omy. The results showed that in comparison to the con-
trol group, the TEAS group received fewer anesthetics
during surgery (sufentanil: 95.6 +21.76 pg compared
to 117.7 £37.95 pg, p < 0.05; propofol: 216.3 +67.72 mg com-
pared to 234.1 +71.30 mg). Moreover, the researchers re-
ported a lower pain rate (described using VAS) in the TEAS
group on the 1% day after surgery (p < 0.001). Neverthe-
less, the same study showed that VAS rates were higher
in the 2" and 3" days following surgery in the TEAS group
than in the control group.?® Chen et al. assessed pain lev-
els after the application of TEAS in patients undergoing
colonoscopy. Compared to the control group, the TEAS
group showed a statistically significant reduction of pain
(p = 0.007) after the procedure — in the TEAS group,
only 13/114 (11.4%) showed symptoms of pain compared
to 29/115 (25.2%) in the control group.?® Furthermore,
TEAS, in combination with other therapeutic methods,
might have an impact on patient outcomes. Zhan and Tian
evaluated whether combining TEAS with transversus ab-
dominis plane block (TAP) impacts postoperative pain
alleviation. The study showed that the TAP and TEAS
combination significantly reduced pain 24 h and 48 h after
an abdominal operation (p = 0.01, p < 0.0001; p = 0.004)
compared to the control group. Moreover, the same study
demonstrated that in the TAP and TEAS groups, pain
levels of VAS were lower than in the standalone TAP group
(p = 0.03).° Lan et al. showed that patients in the TEAS
group required lower doses of fentanyl 24 h and 48 h
after surgery compared to the control group (respec-
tively: 360 +117 pg compared to 572 +132 pug, p < 0.001;
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Table 3. Characteristics of randomized clinical trials (RCTs) in pain indication

Study

Tuetal*

AminiSaman
etal?

Yeh et al.2

Wang et al?’

Liu et al.®

Chen et al®®

Zhan and

Tian3°

Lanetal’!

Publication

year

2019

2018

2018

1997

2015

2015

2020

2012

Indication

postoperative

analgesia after

ureteroscopic
lithotripsy

pain under
mechanical
ventilation

post-
hemorrhoidectomy
pain
postoperative
analgesic required

anesthetic and
analgesic effect
during and after
supratentorial
craniotomy

pain after
colonoscopy

TEAS and TAP for
postoperative
analgesia
in abdominal
surgery

postoperative
pain after total hip
arthroplasty

Results

In the study group, the VAS scores were significantly lower when compared with the control group
at 4" h (3.68 +0.68 compared to 4.79 +£0.82, p = 0.01), 12t h (2.64 +0.72 compared to 3.92 +0.88,
p =0.03), and 24" h (2.21 £0.88 compared to 3.38 +0.74, p < 0.01).

In the study group, the total analgesic consumption was significantly lower when compared with
the control group (127.14 +£28.46 compared to 415.27 £86.37, p < 0.01) within 48 h postoperatively.
In the study group, the incidence rates of vertigo (6.7% compared to 18.3%, p < 0.01), nausea
and vomiting (11.7% compared to 21.7%, p < 0.01), and constipation (10.0% compared to 20.0%,
p = 0.03) were lower when compared with the control group.

Level of pain was lower in the study group compared with the sham group (p < 0.05);
the amount of analgesic and sedation drugs used was less significant in the treated group
compared with the sham group (p =0.01, p =0.04).

Level of pain measure using VAS score in the study group was lower compared with the control
group and trend differences (time-by-group interactions) were significant at time 2 (p = 0.004), time
3 (p < 0.001) and time 4 (p < 0.001).

In the study group, the amount of analgesic medication used was lower compared with the control
group (by 65% for high-TEAS, by 34% for low-TEAS, by 23% for control group).

In the study group, the amount of sufentanil and propofol used were lower compared with
the control group (sufentanil: 95.6 +21.76 ug compared to 117.7 £37.95 ug, p < 0.05; propofol:
216.3 £67.72 mg compared to 234.1 £71.30 mg);
level of pain measured using VAS score was lower in the study group on day 1 after surgery
compared with the control group (p < 0.001), but on days 2 and 3 the level of pain was lower
in the control group.

In the study group, the level of pain was lower compared with the control group (p = 0.007).

The combination of TEAS and TAP significantly reduced postoperative pain at 24 h and 48 h after
surgery (p =0.01, p < 0.0001; p = 0.004) compared with the control group.

In the study group, the amount of fentanyl used was lower compared with the control group at 24 h
and 48 h after surgery (360 £117 pug compared to 572 +132 g, p < 0.001; 712 £184 g compared to
1022 £197 ug, p < 0.00);
in both groups, no differences in the level of pain were observed.

TEAS - transcutaneous electrical acupoint stimulation; TENS — transcutaneous electrical nerve stimulation; TAP — transverse abdominal plane block;
VAS - visual analog scale.

712 +184 ug compared to 1022 197 pg, p < 0.001). No sig-
nificant difference in pain level has been observed in both
groups.®! Taken together, all of the aforementioned studies
demonstrated the positive role of TEAS in alleviating pain
after surgery and reducing drug doses. Table 3 presents
a summary of RCTs assessing the effectiveness of TEAS
in pain alleviation.

Effectiveness of TEAS in other indications
Cardioprotection

Li et al. studied the possible protective impact of TEAS
on cardiac muscle in patients with diagnosed coronary ar-
tery disease qualified for spinal surgery. The cardioprotec-
tive effect was evaluated by measuring the level of markers
in blood serum, including troponin (high-sensitive tropo-
nin T (hs-cTnT)), C-reactive protein (CRP) and creatine
kinase (CK), on the 1¢, 3¢ and 5" day after the surgery.
In both the TEAS treatment and control groups, the levels

of all of the markers were elevated (p < 0.05). However,
compared to the control group, the concentration of hs-
cInT in the TEAS group on days 1 and 3 was significantly
lower (p < 0.05). There was no difference in CRP and CK
levels between the groups. Moreover, heart rate (HR)
ondays 1, 3 and 5 after surgery compared to the day before
the surgery was higher in both groups, wherein the in-
crease was lower in the TEAS treatment group.3? Jones and
Ngai assessed whether TEAS might accelerate normaliza-
tion of HR in patients who were subject to physical effort.
Compared to the control group, the TEAS group demon-
strated a shorter time to HR normalization after physical
exercise (9.98 +4.54 min, p = 0.047, 95% CI: 0.23-19.72).%3
A study by Ngai and Jones confirms the cardioprotective
properties of TEAS, as they showed a reduction of low
frequency to high frequency (LF/HF) ratio by 0.37 +0.01
(p = 0.012) compared to the control group.* In conclu-
sion, all these studies show the positive impact of TEAS
in cardioprotection. Table 4 presents a summary of RCTs
assessing the effectiveness of TEAS in other indications.
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Table 4. Characteristics of randomized clinical trials (RCTs) in other medical indications

Results

In the control group, the QoR-40 scores were lower compared with the research group
(164.3 £13.7 compared to 176.9 +11.1, p < 0.01).
In the study group, cases of cough and PONV were lower compared with the control group
(respectively: 10 (27.0) compared to 19 (50.0), p = 0.04; 13 (35.1) compared to 24 (63.2), p = 0.02).

In the study group compared with the control group, the concentration of hs-cTnT was lower
on 1**and 3 day after surgery (p < 0.05).
In both groups, HR was higher after surgery than before, but in the study group the increase was
lower.

In the study group compared with the control group, time to normalization of HR after exercise
was shorter (9.98 +4.54 min, p = 0.047, 95% Cl: 0.23-19.72)

In the study group, LF/HF ratio was lower by 0.37 £0.01 (p = 0.012) compared with the control
group.

In the control group, the QoR-40 scores were lower compared with the study group (160.1 £5.5

Study ST Indication
year
improving
Baietal’ 2018 postoperative
recovery
cardioprotection
Lietal? 2019 in coronary heart
disease after spinal
surgery
Jones and heart rate
Naal 2014 normalization after
9 exercise
Ngai and 2013 heart rate variability
Jones3 after acu-TENS
improving
Chietal?® 2019 postoperative
recovery
improving
Yu et al® 2020 postoperative
recovery
Quetal? 2017 improving IVF
outcomes
Zheng et al ® 2015 improving pregnancy
outcomes

In the control group, the QoR-40 and MMSE scores were lower compared with the study group
(respectively: QoR-40: 1 day — 166.07 +8.44 compared to 175.33 +9.66, 2" day - 187.73 547
compared to 191.40 +5.74; MMSE: 15t day — 24.60 +2.35 compared to 26.10 +2.78, 2" day

in treated group, the incidence of PONV was lower compared with the control group (23.3%
In the 2/100 Hz TEAS group, the clinical pregnancy, implantation and live birth rates were higher

In the TEAS group compared with the control group, clinical pregnancy rate was higher (42.31%
(n=22/52) compared to 21.57% (n = 11/51), p < 0.05).

compared to 170.9 +5.0 respectively, p < 0.05).

- 26.53 £2.94 compared to 27.83 £2.73);

compared to 56.7%).

compared with other groups (p < 0.05).

TEAS - transcutaneous electrical acupoint stimulation; hs-cTnT — high-sensitive troponin T; TENS — transcutaneous electrical nerve
stimulation; PONV — postoperative nausea and vomiting; MMSE — Mini-Mental State Examination; IVF — in vitro fertilization; QoR-40 — Quality
of Recovery-40 questionnaire; HR — heart rate; 95% Cl — 95% confidence interval; LF/HF — low frequency to high frequency.

Postoperative general condition

Chi et al. assessed whether TEAS treatment could af-
fect the general condition of a patient after knee surgery.
For this, they used the Quality of Recovery-40 question-
naire (QoR-40). Compared to the TEAS treatment group,
the control group scored lower in QoR-40 on the 1 day
after surgery, and the relationship was statistically sig-
nificant (170.9 +5.0 compared to 160.1 +5.5, p < 0.05, re-
spectively). The same study showed that CRP in the TEAS
group was notably lower (p < 0.05).% Bai et al. achieved
comparable results, showing a statistically significant re-
lationship in QoR-40 score in the TEAS group compared
to the control group (176.9 £11.1 compared to 164.3 +13.7,
p < 0.01). Moreover, they showed that patients receiving
TEAS less often suffered from cough (10 (27.0) compared
to 19 (50.0), p = 0.04) and NV (13 (35.1) compared to 24
(63.2), p = 0.02).?

Yu et al. analyzed the influence of TEAS on the periop-
erative period in patients after laparoscopy due to gyneco-
logical diseases. The study included not only QoR-40 but
also Mini-Mental State Examination (MMSE). Compared
to the control group, scores in the TEAS group were sig-
nificantly higher in both scales on day 1 and 2 after surgery
(QR-40: 15t day — 166.07 +8.44 compared to 175.33 +9.66,

2" day — 187.73 +5.47 compared to 191.40 +5.74; MMSE:
1%t day — 24.60 +2.35 compared to 26.10 +2.78, 2"¢ day
—26.53 +2.94 compared to 27.83 +2.73). In addition, the in-
cidence of PONV was considerably lower in the TEAS
group (56.7% compared to 23.3%).3°

Obstetrics

Qu et al. examined the implication of TEAS on in vitro
fertilization (IVF). The authors identified 4 groups: controls
and 3 TEAS groups with various frequencies: 2 Hz, 100 Hz
and 2/100 Hz. Compared to all other groups, the number
of pregnancies, successful implantations and live births
in the 2/100 Hz group was significantly higher (p < 0.05).%”

Zheng et al. showed that TEAS therapy in women with
lowered ovarian reserve notably increased the number
of pregnancies after IVF in comparison to the control
group (respectively: 42.31% (n = 22/52) compared to 21.57%
(n = 11/51), p < 0.05).%

Discussion

Our review is the first to identify and analyze TEAS tri-
als in several medical indications, providing an evaluation
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of TEAS effectiveness in comparison to placebo or stan-
dard therapy. Out of 22 chosen RCTs, 9 studies evaluated
the effectiveness of TEAS in the treatment of NV, dem-
onstrating superior clinical outcomes in TEAS-treated
patients in comparison to standard therapy. Eight of those
studies were focused strictly on PONV. Those RCTs bear
promising results, as PONV, a direct consequence of total
opioid dosage, occurs in up to 27% of surgical patients,
contributing to prolonged hospital stays and resulting
in higher hospitalization expenses.?* Another 8 RCTs eval-
uating pain management found TEAS to be more effective
in pain reduction. The studies showed lower VAS and/or
total analgesics doses in the TEAS study group when
compared with other study arms. Most of those stud-
ies evaluated the effectiveness of TEAS in surgical pain
management exclusively. However, there was 1 notable
study on the efficacy of TEAS in decreasing pain related
to mechanical ventilation.?> Such application of TEAS
might be particularly valuable in the face of the coro-
navirus disease 2019 (COVID-19) global pandemic that
is associated with a significant percentage of patients
requiring prolonged mechanical ventilation depending
on disease severity. Despite ample evidence on the effec-
tiveness of TEAS on both PONYV and pain control, there
are some studies that show contrasting results. One RCT
showed significantly worse outcomes of TEAS compared
to control in pain alleviation at days 2 and 3.28 However,
this study primarily evaluated the impact of TEAS on an-
esthetics use, and the modality ended upon culmination
of the surgery. Besides the influence of TEAS on pain man-
agement, it might have a broadly defined beneficial impact
on patients recovering from surgical interventions. Three
RCTs demonstrated that patients receiving TEAS scored
higher in either QoR-40 or MMSE. Such findings seem
to be crucial, as quality of recovery is directly associated
with satisfaction and quality of life up to 3 years after
surgery.®® Another 3 RCTs display the cardioprotective
properties of TEAS by either lowering the HR, reducing
the HR normalization time or lowering the LF/HF ratio.
Furthermore, the results of 2 RCTs showed improved preg-
nancy and IVF outcomes after TEAS therapy — a crucial
feature given the rising infertility rates worldwide.*!

Only one previous systematic review assessed the effec-
tiveness of acupuncture and, as a separate subgroup, acu-
puncture-related methods in treating postoperative pain.
Wou et al. included only 5 studies that compared TEAS with
standard treatment. Similar to our results, they found that
patients receiving TEAS suffered less pain on the 1t day
after surgery, as evaluated by VAS (p = 0.0020). Also, con-
sistent with our findings, they found that the TEAS group
required a lower total opioid dose on the 1% postoperative
day than the control group (p < 0.001).42

Although the results of these studies are encouraging,
they have limitations, primarily with respect to method-
ology. The biggest concern is insufficient blinding of care

M. Szmit et al. Efficacy of TEAS in clinical practice

providers. In all of the studies that included a placebo group,
the care provider knew whether they applied a true or sham
treatment modality. A considerable amount of properly
executed RCTs are required to establish TEAS as a non-
invasive alternative to standard therapy in the aforemen-
tioned indications and other ones. To do so, researchers
need to adhere to appropriate methods of intervention.
Sizeable cohorts including the study group, along with
control and placebo arms, as well as proper randomiza-
tion are necessary. Means of double-blinding should be
developed, as informing the research staff might cause
bias. For publication purposes, much like the Standards for
Reporting Interventions in Clinical Trials of Acupuncture
(STRICTA),*® the Consolidated Standards of Reporting
Trials (CONSORT) has been developed to avoid unneces-
sary mistakes and hindering otherwise useful studies from
being recreated.**

Limitations

We recognize that our review has a number of limita-
tions. Firstly, we only included trials published in English,
possibly significantly reducing the database. Even though
a substantial effort was put into extracting every available
RCT on the subject, we cannot guarantee that the search
was all-inclusive. The most significant factor limiting
the quality and conclusiveness of this review is selective
publishing. Since only 1 included RCT showed a negative
outcome of TEAS, RCTs with negative results likely re-
main unpublished, misrepresenting the outcome of TEAS
overall.

Conclusions

The results of this systematic review demonstrate TEAS
as an emerging, noninvasive modality with distinct advan-
tages over classical acupuncture and needle-based electro-
stimulation, regardless of its application (as a standalone
TEAS therapy or as an adjuvant to standard therapy). Our
study suggests this approach may be useful in clinical prac-
tice, particularly for pain and NV management. However,
considering the methodological quality of most RCTs,
rigorous large-scale clinical trials of TEAS are needed
to evaluate the clinical utility of this technique.
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