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Abstract

Background: Labor analgesia remains the center of interest for both obstetri-
cians and women. The safety of the traditional pharmacologic analgesics re-
mains questionable due to their potential fetal and maternal complications.
Therefore, several non-pharmacological modalities were evaluated for their
safety and efficacy to relieve labor pain. Among these methods, transcutane-
ous nerve stimulation (TENS) gained much concern due to ease of use, low
cost and high capacity for women self-titration. The study aims to investigate
the efficacy of TENS in reducing labor pain associated with vaginal deliveries,
and to determine the factors controlling the response to TENS. Methods: The
study was a randomized, controlled clinical trial. A total of 390 women can-
didates for vaginal delivery were randomly allocated to 3 groups of interven-
tion: paracetamol infusion, TENS, and intramuscular pethidine (130 women
per group). The primary endpoint was pain intensity assessed on 10-point
VAS scale and women satisfaction. Secondary endpoints included maternal
or fetal complications. Results: VAS scores recorded during vaginal deliveries
demonstrated a statistically significant reduction in TENS group compared to
paracetamol at 15, 30 minutes, 1 and 2 hours, while pethidine arm demon-
strated lower scores than TENS group (p < 0.001). The intermediate analgesic
efficacy of TENS was preserved when evaluating episiotomy related pain
scores. Analysis of differences between good and poor responders to TENS
indicated that weight, BMI, education level and the stimulation characteris-
tics were statistically different between the two subgroups (p < 0.001). Ad-
verse maternal and fetal outcomes in TENS arm were comparable to parace-
tamol and significantly less than pethidine. Conclusion: TENS is a reliable
labor pain analgesic with comparable efficacy and superior safety relative to
pethidine. Clinicians should personalize TENS therapy according to women’s
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BMI and education level for optimized pain control.
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1. Introduction

Pain during labor is one of the most painful experiences that women could attain
throughout the life. Several obstetric and fetal adverse effects may arise during
the vaginal delivery without adequate pain control including neuroendocrine
dysregulation, fetal bradycardia and vaginal tears [1]. Additionally, inefficient
analgesia during labor contributes to increased requests for cesareans [2]. In
Egypt, the estimated rate of C-sections was about 40% of deliveries which is
much higher than the ideal rates accepted by WHO ranging between 10% - 15%
[3]. Therefore, the introduction of pain relief strategies comprises a paramount
importance. Beyond the physiological modifiers, labor pain is influenced by
many cultural and psychosocial factors [4]. The multidimensionality of pain
perception resulted in considering the women self-assessment to labor analgesia
is the gold standard in assessing the efficacy of different analgesics, and shifted
the process of labor analgesia to patient-centered care with both clinical and
humanistic outcomes [5]. The traditional modalities of labor pain relief depend
on pharmacologic agents including opioids and non-steroidal anti-inflammatory
drugs (NSAIDs). Due to the association with dose-dependent adverse effects, the
drug-centered analgesia has limited patient self-titration and less flexible sche-
dules. Paracetamol is a COX-III inhibitor with the advantage of high tolerability,
safety and low costs. Nevertheless, the efficacy of paracetamol in reducing labor
pain associated with vaginal deliveries is still controversial [6]. On the contrary,
Pethidine is an opioid analgesic with better efficacy compared to paracetamol;
however, the application of pethidine in labor is limited by its adverse effects in-
cluding fetal and maternal bradycardia and respiratory depression [7]. The limi-
tations of drug therapy structured the way for safer and possibly more effective
non-pharmacologic therapies including yoga, acupuncture, acupressure, mas-
sage therapy, music therapy and transcutaneous nerve stimulation (TENS) [8].
Among the proposed non-pharmacologic analgesia, TENS has gained much
concern due to the available evidence of efficacy, safety and tolerability [9]. The
principle of using TENS depends on delivering a low-intensity electric current
through the skin surface, resulting in blockade of nociceptive transmission to
CNS with associated stimulation of descending inhibitory pathways of pain, a
mechanism consistent with the pain gate theory. It has been previously tested in
treatment of various conditions such as low back pain, arthritic pain, neurogenic
pain and postsurgical pain. The device is a battery-powered unit that delivers

electrical impulses through electrodes applied over the desired site [10]. So far,
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the evidence of the application of TENS as a labor analgesic strategy is sparse
[11]. Additionally, the factors affecting the individual analgesic response to
TENS are unclear.

The current study aims to investigate for the safety and efficacy of TENS in
vaginal deliveries compared to the traditional pharmacologic strategies including
paracetamol and pethidine; and identification of the specific factors controlling

the response to TENS analgesia.

2. Methods
2.1. Study Design

The study was open label, randomized controlled clinical trial. Prior to enroll-
ment in the study, informed consent was taken from each participant. The study
was approved by the ethical committee of the faculty of medicine, Ain Shams
University, Cairo Egypt. The study follows the percepts of Helsinki Declaration,
and agrees with good clinical practice guidelines. Women allocation to either
TENS, pethidine, or paracetamol (control) arms was facilitated by comput-
er-aided random number generation. Due to the apparent differences between
drug-related and TENS related interventions, blindness was not possible at the

level of the current study.

2.2. Patients

Pregnant women who are candidates to vaginal delivery were admitted to Ain
Shams Maternity hospital between January 2018 and October 2019 were screened
for eligibility. Inclusion criteria include maternal age between 20 - 40 years,
full-term pregnancy with single fetus vertex presentation in active phase of labor.
Active phase of labor was defined as cervical dilatation of 3 cm or more, cervical
effacement of 60% or more, and good uterine contractions. Excluded women in-
clude contraindication to vaginal delivery, history of liver disease, hypersensitiv-
ity to paracetamol or pethidine, or women presented with implantable cardi-
overter devices (ICDs) or pacemakers. Candidates from each study arm were al-
lowed to withdraw once intolerance to the underlying intervention was reported.

Data collected from each case include maternal age, weight, height, body mass
index, educational level, parity, gestational age, need for labor augmentation and
overall satisfaction with the analgesic strategy. Neonatal data collected postpar-

tum includes 1-minute and 5-minute Apgar scores.

2.3. Treatment

For the paracetamol group, women received 1gm (Perfalgan®; paracetamol,
Bristol Mayers, France) diluted in 100 ml saline and infused over 15 minutes.
Dose titrations were allowed as 1 gm increments every 6 hours for each case to a
maximum of 4 grams. For the pethidine group, women were infused with an
empirical dose of 50 mg (Pethidine hydrochloride® 50 mg ampule, Roche Phar-

maceuticals, Egypt) diluted in 10 ml saline over 10 minutes. Repeated doses of
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pethidine were permitted in a 4 hour interval without incremental increase. Fi-
nally, women allocated to TENS group had lateral placement of the electrodes on
either side of the spine at the region between T10 to L1 and S1 to S4. Frequency
and current intensity will be escalated to adequate pain control. Empirically,
women of TENS arm will receive a 30-minute stimulation when starting in the
active phase of labor (cervical dilatation of 4 cm or more). The duration of sti-
mulation will be increased thereafter to adequate analgesia. TENS was delivered
using Prorelax® device (Zubehér, Germany). The delivered waveforms had fre-
quency between 15 - 70 Hz; pulse width 156 - 260 ps, the current intensity esca-
lated between 19 - 25 mA to adequate pain control. The current frequency and
intensity were allowed to vary in an escalating way to avoid muscular accom-
modation to fixed monotonous impulses, and to maintain a tolerable stimula-

tion.

2.4. Outcomes

The primary outcomes were pain intensity assessed during labor and after episi-
otomy cutting procedure. Perceived pain was evaluated using a 10-point VAS
score. Women were asked to mark scores between 0 - 3 if they experienced mild
pain, 4 - 6 for moderate pain and 7 - 10 for severe pain. Pain scores were rec-
orded at the start of the active phase of labor (baseline), 15, 30 minutes, 1 and 2
hours later. For those who underwent episiotomy cutting, scores were recorded
before, immediately after, 30 minutes, 1, 6 and 12 hours following the procedure.
Additionally, a one-question survey was asked for each candidate on follow up
to determine the overall satisfaction with her analgesic strategy. Women were
asked to choose a satisfaction level between “very unsatisfied”, “unsatisfied”,
“Neutral”, “Satisfied” or “Very satisfied”.

The secondary outcomes evaluated were the maternal adverse effects includ-
ing nausea, vomiting and respiratory depression. Neonatal outcomes were eva-
luated by assessment of 1-minute and 5-minute APGAR scores, and fetal brady-

cardia rates.

2.5. Sample Size Estimation & Statistical Analysis

Since the minimum clinically significant VAS reduction in using TENS pain
management was 1.3 cm [12], it was hypothesized that the effect size was 0.4 is
sufficient to detect the difference between TENS group and control VAS scores.
Considering prior alpha of 0.05 and power of 80%, the calculated sample size
based on pairwise one-way ANOVA formula was 112 women per study arm. To
account for difficulties, misconduct of pain assessment procedures or possible
withdrawals, the final sample size was set to 130 women per study arm. Conti-
nuous data were evaluated for normality using Shapiro Wilk test. Parametric
data were summarized as mean * SD. Nonparametric data including VAS scores
presented as median (range). Nominal variables described as number and per-

centage. Kruskal Wallis ANOVA was used for non-parametric comparison of
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pain scores among the study groups, while one-way ANOVA was applied for
parametric hypothesis testing. Chi-square test was applied for comparing pro-
portions of nominal data. P values of less than 0.05 were considered statistically
significant. Sample size calculation was performed using R packages (R Founda-
tion for Statistical Computing, Vienna, Austria), and the rest of the statistical
analysis was done using SPSS for Windows (version 24.0, IBM Corp Armonk,
NY, USA).

3. Results

A total of 409 pregnant women were recruited, 390 were included in the final
analysis after allocation to pethidine group (n = 130), paracetamol group (n =
130) and TENS group (n = 130). Nineteen cases were excluded due to refusal to
sign the informed consent, contraindication to the medication, loss of follow up
or discontinuation of analgesic therapy. An outline of the study flow chart is
provided in Figure 1.

Comparing demographic and clinical characteristics among the study
groups.

The study arms showed equivalent distribution of age, weight, height, body
mass index, educational level, parity, gestational age and duration of labor with

no statistical significance (p > 0.05) observed when comparing the baseline cha-

racteristics of each arm of the study (Table 1).
/Excluded (n=7); N\

Assessed for eligibility
(n=409) ‘ -Refused to sign informed consent
(n=4)
‘ -Having at least one contraindicaton

to the administered medication (n=3)
1

e )
Randomized (n=402)
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[ i 3 ( \ ' - \
Allocated to paracetamol Allocated to TENS group Allocated to Pethidine group
group (n=135) (n=134) ‘ ‘ (n=133)

Lost follow up (N=5) Lost follow up (N=2) Lost follow up (N=1)
Discontinue pethidine (n=2) |

Discontinue paracetamol (n=0) | Discontinue TENS (n=2) |
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Figure 1. Study flow chart.
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Comparing Labor pain profiles.

No significant differences were observed in VAS pain scores prior to the
analgesic intervention (p = 0.45). However, the longitudinal evaluation of pain
intensity over time showed a statistically significant lower pain scores in TENS
arm compared to paracetamol, while higher scores than pethidine. The interme-
diate analgesic efficacy of TENS was retained longitudinally after 15, 30 minutes,
1 and 2 hours (Table 2). The need for additional analgesia follows the same
trend with 28 cases in the paracetamol group, 12 cases in TENS group and only 2
cases in pethidine arm (p < 0.001). Similarly, the need for labor augmentation
was highest in the paracetamol group (21.5%), while lowest in pethidine arm
(1.5%).

Comparing episiotomy pain profiles

Episiotomy cutting was performed in 70 women (53.8%) of the paracetamol
group, 62 (47.7%) of TENS group and 78 (60%) of the pethidine group. Despite
the slight decrease in pain scores of TENS arm at baseline (p = 0.003), all groups
demonstrated the same median VAS score at baseline (median VAS score for the
three arms was 8). Longitudinal assessment of episiotomy related pain at the end
of episiotomy cutting, after 30 minutes, after 1, 6 and 12 hours demonstrated
statistically significant lower VAS scores in TENS group compared to paraceta-
mol, while higher scores compared to pethidine; a similar pattern of pain pro-
files that have been observed previously with labor pain. Table 3 summarizes the
differences in episiotomy pain scores among the study groups.

Factors affecting response to TENS:

Table 1. Comparing demographic and clinical characteristics among the study groups (n = 390).

Paracetamol group TENS group Pethidine group

Variable -value
(n = 130) (n = 130) (n = 130) P
Maternal age (years) 23.23+4.43 24.18 = 4.57 23.75 +4.26 0.226* (NS)
Weight (Kg) 73.98 £ 21.77 76.63 £ 20.26 72.35 £ 15.32 0.197* (NS)
Height (m) 1.61 £0.17 1.63 £ 0.167 1.62 £ 0.165 0.619* (NS)
Body mass index (Kg/m?) 28.18 + 6.14 28.76 £ 5.8 27.92 £ 4.5 0.45* (NS)
Education level (n, %)
Illiterate 17 (13.1%) 19 (14.6%) 19 (14.6%)
Prim d: tion 28 (21.5% 35 (26.9% 43 (33.1%
imary educatio (21.5%) (26.9%) (33.1%) 0.315%* (NS)
Secondary education 50 (38.5%) 39 (30%) 33 (25.4%)
University/Postgraduate 35 (26.9%) 37 (28.5%) 35 (26.9%)

Parity (median, range) 2 (0-5) 2 (0-5) 2 (0-5) 0.34* (NS)
Gestational age (months) 38.66 + 0.81 38.72+0.8 38.74 + 0.74 0.71* (NS)
Labor duration (minutes)

1st stage 252.1 + 82.73 255.96 + 85.42 255.38 £96.48 0.93* (NS)
2nd stage 23.12+7.72 21.87 £ 6.99 23.5+791 0.192* (NS)
3rd stage 1091 +£3.3 10.96 = 2.93 11.35+ 3.42 0.49* (NS)

*Kruskal Wallis ANOVA test was used for estimation of p value. **Chi-square test was used for comparison. NA: not applicable, NS: non-significant, S:

Significant, SD: standard deviation, TENS: transcutaneous electric nerve stimulation.
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Table 2. Impact of different analgesic strategies on labor pain.

Paracetamol group  TENS group  Pethidine group

Pain characteristic (1 = 130) (n = 130) (1 = 130) p-value*
Baseline 7(5-9) 7(4-9) 7(5-9) 0.45 (NS)
After 15 min 7(5-9) 6(4-8) 5(4-9) <0.001 (S)
After 30 min 7(5-9) 5(4-9) 4(3-7) <0.001 (S)
After 1 hour 6(5-9) 5(4-9) 4(3-7) <0.001 (S)
After 2 hours 6(5-9) 5(4-8) 4(3-7) <0.001 (S)
f itional
Need for additiona 28 (21.5%) 9 (6.9%) 2(15%)  <0.001** (S)
analgesia (n, %)
L .
abor sugmentation ;)| o) 12 (9.2%) 2(15%)  <0.001** (S)

with oxytocin (n, %)

*Kruskal Wallis ANOVA test was used for comparison. ** Chi-square test was applied in p value calcula-
tion. NS: non-significant, S: Significant.

The overall satisfaction of pain control using TENS assessed by patient ques-
tion was intermediate between paracetamol and pethidine (Figure 2). Based on
women satisfaction, TENS arm was further classified into good responders (n =
72) including subjects who reported high or very high satisfaction with pain
control, and poor responders whose satisfaction was neutral or lower (n = 58).
Comparing both groups, maternal weight, body mass index and need for labor
augmentation were lower in good responders’ group (p < 0.001, p < 0.001 and
0.005; respectively), while the educational level was statistically higher in good
responders’ group (p < 0.001). Maternal age, height, parity and gestational age
failed to demonstrate statistical significance Table 4.

Maternal Outcomes:

TENS group demonstrated the lowest adverse effects rate compared to para-
cetamol and pethidine. Nausea was experienced in 16 women of TENS group
compared to 23 and 34 women in paracetamol and pethidine respectively (p =
0.016). Similarly, vomiting was presented in only 4 women in TENS arm com-
pared to 11 and 20 women in paracetamol and pethidine respectively (p =
0.002). No cases of respiratory depression were observed in both paracetamol or
TENS arm with 3 cases in the pethidine group; however, this difference was not
statistically significant (p = 0.49). Differences in adverse effects profile among
the study groups were summarized in Table 5.

Neonatal outcomes:

Fetal bradycardia rate was non-significantly lower in TENS arm (2.31%)
compared to the other arms (p = 0.77). Moreover, Apgar scores by 1 and 5 mi-
nutes after birth were similar (p = 0.87, 0.71; respectively). Neonatal outcomes

are presented in Table 6.

4. Discussion

The current work structures evidence about the intrinsic analgesic effectiveness
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Figure 2. Satisfaction with labor analgesia.
Table 3. Impact of different analgesic strategies on episiotomy pain.
Paracetamol gr TENS gr Pethidine gr
Episiotomy characteristics aracetamo’ group group Tethidine group p-value
(n =130) (n =130) (n =130)
Episiotomy cutting (n, %) 70 (53.8%) 62 (47.7%) 78 (60%) 0.138* (NS)
Baseline 8 (7 -10) 8(5-10) 8 (6-10) 0.003** (S)
End of episiotomy 6(4-7) 4(3-6) 4(2-7) <0.001** (S)
After 30 min 35(2-6) 3(2-7) 3(1-5) 0.002** (S)
After 1 hour 3(2-6) 3(2-5) 2(1-5) <0.001** (S)
After 6 hours 3(1-6) 2(1-5) 1(0-4) <0.001** (S)
After 12 hours 2(0-4) 1(0-2) 0(0-2) <0.001** (S)

*Chi square test was used for comparison. **Kruskal Wallis ANOVA test was used for comparison. NS:

non-significant, S: Significant.

Table 4. Comparing good versus poor respondents to TENS stimulation.

Response Good response Poor response p-value
(n=172) (n =58)
Maternal Age (years) 24.33 £3.78 24.17 £ 4.43 0.82* (NS)
Weight (Kg) 68.5+17.73 86.72 + 18.7 <0.001* (S)
Height (m) 1.61 £ 0.162 1.66 £ 0.17 0.085* (NS)
Body mass index (Kg/m?) 26.67 £ 6.34 31.37 £ 3.67 <0.001* (S)
Education level 3(1-4) 2(1-3) <0.001** (S)
Parity 3(0-5) 2(1-4) 0.836* (NS)
Gestational age (months) 38.95+0.83 38.89 £ 0.75 0.054* (NS)
Labor induction with oxytocin (n, %) 2 (2.8%) 10 (17.2%) 0.005** (S)
Current intensity 12.33 £ 2.2 17.83 + 1.74 <0.001* (S)
Current duration 109.15 + 43.84 233.95 £ 90.92 <0.001* (S)

*Mann-Whitney U test was used for estimation of p value. **Chi-square test was used for comparison. NS:

non-significant & S: Significant.
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Table 5. Impact of different analgesic strategies on maternal hemodynamics.

Paracetamol group TENS group Pethidine group

Adverse outcome (1 = 130) (n = 130) (1 = 130) p-value*

Nausea (n, %) 23 (17.7%) 16 (12.3%) 34 (26.2%) 0.016 (S)

Vomiting (n, %) 11 (8.5%) 4(3.1%) 20 (15.4%) 0.002 (S)

Respiratory depression (n, %) 0 (0%) 0 (0%) 3(2.3%) 0.49 (NS)
*Chi-square test was used for comparison. NS: non-significant & S: Significant.

Table 6. Neonatal outcomes in different study groups.
Neonatal characteristics Paracetamol group TENS group Pethidine group Povalue*
(n=130) (n=130) (n=130)

Fetal bradycardia (n, %)* 4 (3.08%) 3(2.31%) 5 (3.85%) 0.77 (NS)
APGAR score after 1 min** 7(4-9) 7(4-9) 7(4-9) 0.87 (NS)
APGAR score after 5 min** 8 (6 -10) 8 (6-10) 8 (6 -10) 0.71 (NS)

5-min APGAR score < 7 (n, %)* 11 (8.5%) 15 (11.5%) 9 (6.9%) 0.42 (NS)

*Chi-square test was used for comparison. **Kruskal Wallis ANOVA test was used for comparison. NS:
non-significant.

of TENS in reducing labor pain. Previous studies reported the analgesic value of
electrostimulation either alone or in combination with patient controlled epi-
dural analgesia (PCEA) [13] [14]. The application of electric current using TENS
is hypothesized to suppress the pain signals through inhibition of peripheral
transmission of nociceptive information to the brain and by stimulation of the
local release of endorphins and encephalins [11]. In rat model, Jiang et al. re-
cently highlighted the potential impact of electric stimulation in reducing serum
levels of PGE2 and myometrial expression of PGE2 receptors; an important me-
diator of uterine contraction during labor [15]. Through the present study, the
analgesic properties of TENS compared to traditional pharmacologic analgesia
together with the determinants of the women response to stimulation were in-
vestigated.

The key finding of the present study is that TENS exhibits an intermediate
analgesic characteristic for labor pain when compared to pethidine and parace-
tamol. TENS was found to be superior over paracetamol, while inferior to pethi-
dine. Similar findings were reported by Shahoei ef al conducted a randomized
controlled clinical trial involving 90 nulliparous pregnant women and found that
TENS do have statistically significant lower pain scores that are sustained during
the first and second stages of labor and 4 hours after delivery [16]. Santana et al.
concluded that TENS may result in statistically significant lower pain scores to-
gether with a delayed need for additional analgesia [12]. A meta-analysis of 9 tri-
als including 1076 pregnant women concluded that TENS may result in a signif-
icant reduction of labor pain with reduced need for additional analgesia [17].
Peng et al reported more than 25% reduction in pain intensity in 68.6% of

TENS group compared to control [18]. In contrast to our results, a recent me-
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ta-analysis concluded that pethidine when compared to TENS failed to demon-
strate additional reduction in VAS score or higher women satisfaction [19].
Electric stimulation failed to demonstrate significant reduction in labor pain
VAS score when compared to no stimulation [20]. Nevertheless, this discrepancy
should be interpreted based on technique differences. Mucuk and Baser applied
electro-acupuncture involving both pressure and electric stimulation, different
placement of electrodes and smaller sample size (n = 40).

Similar patterns of pain management were observed in women undergoing
episiotomy cutting. Compared to the paracetamol control group, a significant re-
duction of VAS pain scores was attained at the end of episiotomy, after 30 mi-
nutes, 1, 6, and 12 hours following episiotomy. Despite that this could be con-
founded by the statistically significant difference among the study group median
scores at baseline assessment (p = 0.003), it should be noted that this effect is
minimal; due to similar median pain scores presented at baseline for the three
study groups (median VAS = 8). Additionally, it was previously suggested that
the minimum clinically meaningful difference in mean VAS is 1.3 cm, which is
much larger than presented in baseline assessment [11] [21]. Our results repli-
cate the findings of Rezaeyan et al. who reported a significant reduction of episi-
otomy related pain in TENS group when compared to lidocaine when assessed at
1, 6 and 12 hours compared to lidocaine. They reported a non-significant reduc-
tion of pain scores at the end of episiotomy; however, this discrepancy may be
attributed to their relatively small sample size (n = 40) [22].

Analysis of differences in clinical and socioeconomic characteristics between
TENS good and poor responders in our analysis concluded that TENS response
may be modified by TENS characteristics, obesity and women education may be
the key players in response to TENS. In their double-blinded randomized clini-
cal trial, Baez Suarez et al included 63 pregnant candidates randomized to re-
ceive constant, escalating stimulation dose or placebo. They reported statistically
significant lower VAS scores and higher satisfaction with women received higher
doses of TENS stimulation. It should be noted that the site of placement of
TENS electrodes is crucial. Optimally, electrodes are connected at T10-L1 and
S2-S4 where the spinal centers implicated in labor pain transmission are most
affected [11].

We found a statistically higher educational level in the good response group.
However, this point should be interpreted with caution; as the difference likely
attributed to differences in understanding the procedures of pain reporting ra-
ther than a true difference in pain profiles.

Maternal age was previously reported as a factor that adds to TENS analgesic
response; principally due to higher placebo effects at higher women age [23].

Nevertheless, this result couldn’t be replicated in our results; possibly due to
the limited age span in our study group secondary to inclusion of women of
childbearing age only.

Since body fats may impede the transcutaneous electric flow [24], it was not

surprising that good responders to TENS stimulation presented with statistically
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significant lower weight and body mass index (p < 0.001 for both variables). To
best of our knowledge, this point has not been addressed yet in relevant studies
assessing labor pain. Generally, understanding the factors controlling response
to TENS helps obstetricians to individualize and optimize TENS therapy for
maximizing pain control. For example, if TENS is planned for an obese woman,
clinicians should apply higher current intensities with longer duration and more
frequent stimulation for optimal pain management, with much focus on patient
education about reporting the perceived pain.

Assessment of maternal adverse effects profiles revealed a statistically lower
rate of nausea and vomiting in TENS compared to pethidine. Elbohoty et al
compared intravenous paracetamol to pethidine as labor analgesia and demon-
strated significantly higher rates of vomiting in pethidine arm [25]. Mechanisti-
cally, opioid-induced nausea and vomiting are related to direct stimulation of
chemoreceptor trigger zone (CTZ), or by slowing the gastric emptying, and con-
sidered one of the main reasons for opioid therapy discontinuation [26]. There-
fore, TENS may provide a much tolerable analgesic option compared to pethi-
dine.

Additionally, our results confirmed the fetal safety of TENS during labor. We
found no statistically significant differences in 1-, 5-minute Apgar scores or res-
piratory distress among the study groups. In line with our findings, Santana et
al. reported no statistically significant difference between experimental TENS
group and control group on the basis of percentage neonates born with Apgar
scores less than 7 [12]. In their meta-analysis, Mello et al reported that TENS
was not associated with adverse neonatal outcomes [17].

The study has many points of strength. To best our knowledge, our study in-
cluded the largest sample size relative to similar reports. In addition, we studied
the pain characteristics during both labor and episiotomy procedures. Under-
standing the differences between good and poor responders of TENS were com-
prehensively analyzed in the current analysis, facilitating the practical individua-
lization of TENS therapy to candidate women. However, some limitations do
exist. The subjectivity of pain assessment and the affection of pain perception by
multiple emotional, socioeconomic and cultural factors remains the main limita-
tion of our study and similar ones, making the pain management of TENS are

inconclusive.

5. Conclusion

TENS seems to have a satisfactory pain reducing properties through the labor.
The pain characteristics and woman satisfaction during labor and episiotomy
were intermediate; better analgesic than paracetamol, while inferior to pethidine.
Nevertheless, the adverse maternal and fetal outcomes of TENS are significantly
lower than pethidine. The superior safety profile together with the ease of use,
women self-administration, availability and reduced cost make TENS an ideal

choice for labor analgesia.
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