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GLOSSARY
CARE = Case Report Guidelines; EQUATOR = Enhancing the Quality and Transparency of Health 
Research; NF1 = neurofibromatosis type 1; NP = neuropathic pain; NPRS = numerical pain rating 
scale; SCS = spinal cord stimulation; TENS = transcutaneous electrical nerve stimulation

The use of opioids during pregnancy can cause symp-
toms characteristic of neonatal abstinence syndrome, 
including congenital heart defects, neural tube 

defects (spina bifida), glaucoma, gastroschisis, convulsions, 
and irritability.1 Opioid use can also negatively affect the 
mother, causing placental alterations, bleeding, premature 
birth, and pre-eclampsia. The available evidence regarding 
the risks of opioid use during pregnancy is contradictory 
because most studies did not adjust for confounding fac-
tors, such as socioeconomic status, stress, and alcohol use.1 
The first trimester of pregnancy is a critical period for the 
development of organ systems, and any chemical or envi-
ronmental aggression could cause severe congenital mal-
formations. Consequently, clinical guidelines recommend 
that women planning to become pregnant avoid opioids or 
reduce the dose if discontinuation is not feasible.2

The present case report describes a patient diagnosed 
with neurofibromatosis type 1 (NF1) with neuropathic pain 
(NP) under treatment with opioids. After genetic counseling, 
the patient decided to become pregnant and, therefore, dis-
continued opioid therapy, refusing any other pharmacologi-
cal treatment. Transcutaneous electrical nerve stimulation 
(TENS) was proposed as an alternative to pharmacotherapy.

TENS is a nonpharmacological therapy that uses adhe-
sive electrodes applied to the skin surface to administer 

pulsed electrical stimulation that can be modified and is 
primarily used for pain control in a wide range of chronic 
pain conditions. It was developed as a result of the “pain 
gate theory,” which proposes that the stimulation of large-
diameter afferent fibers inhibits nociceptive activity at the 
dorsal horn, with a resultant decrease in pain perception.3

The risks were explained in detail, particularly the limited 
evidence for TENS treatment. Although some studies have 
described TENS during labor,4,5 to our knowledge, no studies 
have evaluated TENS during the first and second trimesters 
of pregnancy. The patient provided signed informed consent, 
indicating that she understood the risks. This manuscript 
adheres to the applicable Case Report Guidelines (CARE) 
guidelines of the Enhancing the Quality and Transparency 
of Health Research (EQUATOR) network. After finishing fol-
low-up, the patient provided written consent for publication.

CASE DESCRIPTION
A 33-year-old female patient with NF1 (exon-17 mutation: 
c.2978–2987) presented to the pain clinic at week 15 of preg-
nancy. At 26 years of age, she was diagnosed with T12–L2 
meningocele, with cauda equina distortion, resulting in NP 
at the S1–S4 nerve roots. After becoming pregnant, a chorion 
biopsy showed that the embryo did not carry the NF1 gene.

The patient presented burning pain in the thoracolumbar 
region, with persistent left sciatica extending to the sole of 
the foot. The pain worsened at the start and end of the day. 
She was receiving treatment with a transdermal buprenor-
phine patch (35 µg/h), which she decided to discontinue, 
leading to withdrawal syndrome for which she was referred 
to the pain clinic. The patient’s pain level with the buprenor-
phine patch was 2 of 10 on the numerical pain rating scale 
(NPRS), worsening to 8.5 at rest and in movement, after 
patch removal. At week 15 of gestation (1 week after refer-
ral), she was given a TENS unit (DirectTENS; Empi Inc, St. 
Paul, MN) at a preset fixed frequency (125 Hz) and pulse 
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duration (100 microseconds) for 30 minutes per session, 4 
times a day. Table 1 shows the follow-up visits, treatments, 
and quality of analgesia. The patient did not experience any 
TENS-associated adverse events during pregnancy, and all 
ultrasound examinations were normal. The pregnancy was 
carried to full term, with a normal, spontaneous birth in July 
2015. During labor, the TENS device was not used because 
she had left it at home. Peridural analgesia was contraindi-
cated due to the meningocele location. Consequently, she 
received local anesthesia and intravenous remifentanil.

The patient continued to use TENS for analgesia while 
breastfeeding. At month 6 postpartum, she expressed a 
desire to restart pharmacotherapy due to an increase in 
end-of-day pain levels (NPRS, 7). Consequently, gabapentin 
was prescribed, and the patient discontinued TENS. At 24 
months postpartum, the child’s development was normal, 
with no evidence of psychomotor impairment or neurologi-
cal or congenital alterations (Table 2).

DISCUSSION
The present case report describes the treatment of a preg-
nant patient with chronic NP due to NF1 who refused to 
continue opioid treatment. To our knowledge, there are no 
previous published data on NF1 and TENS.

Studies have shown that opioids can harm the fetus 
through direct effects on fetal development.1 Opioids can 
be detected in breast milk in concentrations directly related 
to plasma levels.6 During lactation, it may be necessary to 
evaluate the pharmacokinetics of the medications taken by 
the mother and the possibility of genetic or acquired impair-
ments in the newborn’s metabolism. Mothers who report 
persistent perinatal pain are at increased risk of develop-
ing postpartum depression, and, therefore, pain manage-
ment may be necessary.7 Recently, an association was found 
between birth defects and opioid usage before conception 
or during the first trimester.8 Consequently, physicians must 
carefully weigh the benefits and risks of prescribing opioids 
during pregnancy. In the final weeks of pregnancy, only the 

lowest effective dose should be used. Whenever possible, 
minor analgesics and complementary pain control methods 
should be considered to limit or reduce opioid use.2

Few studies have assessed the treatment of NP in preg-
nant patients. One study involving women in the third tri-
mester of pregnancy found that TENS was more effective 
for the control of lumbar pain than either acetaminophen 
or exercise.4 The TENS group experienced a significantly 
(P < .001) greater degree of pain relief than the compari-
son groups, with no adverse effects associated. However, 
another study suggested that the use of TENS during preg-
nancy could harm intrauterine development.9 By contrast, a 
study conducted in an animal model found that the appli-
cation of low- and high-frequency TENS to the abdomen of 
pregnant mice caused no deleterious teratogenic effects.10 In 
our case, the patient applied TENS only to the spinal col-
umn and sciatic regions. Due to anatomic differences, TENS 
is probably safer when applied to the spinal column rather 
than the abdomen due to the greater distance from the fetus. 
Nonetheless, to our knowledge, no studies have investi-
gated the safety of abdominal TENS in humans during the 
first trimester of gestation.

Despite the limited evidence, some authors recommend 
TENS for obstetric and gynecological indications during the 
first or second trimesters due to its convenience, noninva-
siveness, and efficiency.11 TENS can be used during labor, 
applied to both sides of the lower spine at a pulse duration 
of 200 microseconds at 100 Hz.12

Several case studies of pregnant patients treated with 
a neurostimulator have been reported. Although there are 
differences between TENS and neurostimulation, both of 
these 2 techniques apply an electrical current to reduce 
pain. One case report described a 24-year-old woman with 
a spinal cord stimulation (SCS) implant to control pain 
secondary to complex regional pain syndrome.13 After 
becoming pregnant, the patient continued to use the device 
intermittently. Those authors reviewed the published litera-
ture, finding that women who maintain the SCS activated 

Table 1.   Treatment With TENS and Medication During Pregnancy Through Month 6 Postpartum
Gestation Week No. of Sessions per Day Region Medication NPRS (0–10)
Week 15 4 Thoracolumbar gluteal Buprenorphine 17.5 µg/h 8
Week 24 4 Thoracolumbar gluteal 0 2
Week 31 3 Sciatica 0 2
Week 35 3 Sciatica 0 4.5
Postpartum month 6 3 Sciatica Gabapentin initiated 7

Abbreviations: NPRS, numerical pain rating scale; TENS, transcutaneous electrical nerve stimulation.

Table 2.   Postpartum Follow-Up of Daughter
Date of Examination Weight Length HC AC Psychomotor Findings
Newborn 2340 g (−2 SD) 46 cm (−1.5 SD) 32 cm a Apgar: 9/10/10b

Auditory screening 
normal

Plagiocephaly
Metabolic screening
 normal

3 mo 4590 g (P25) 55.5 cm (P25) 38 cm 39.5 cm Normal Plagiocephaly
6 moc Missing Missing Missing Missing Missing Missing
24 mo 11.9 kg 82 cm a a Normal development None

Abbreviations: AC, abdominal circumference; HC, head circumference; SD, standard deviation.
aNot applicable or not available.
bResult of the Apgar test at minutes 1, 5, and 10 after birth.
cPatient and child transferred to another city and hospital facility.
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during pregnancy have delivered healthy babies without 
life-threatening complications.

In our case, the patient had symptoms of withdrawal syn-
drome—attributed to the abrupt discontinuation of opioid 
therapy—when she presented to the pain clinic. Although 
she refused pharmacotherapy, she needed and requested 
treatment for the pain. This posed a serious care-related 
issue because nonpharmacological pain relief options are 
limited. After we explained the potential benefits and risks of 
TENS—emphasizing that only a few studies have evaluated 
TENS during pregnancy (especially in the first trimester)—
the patient agreed to the proposed treatment. We moni-
tored her closely to ensure safety and good analgesia. The 
pregnancy was carried to full term, and neither mother nor 
daughter experienced any treatment-related adverse effects. 
We followed the patient and child for 24 months after deliv-
ery to monitor for neurocognitive alterations.

At present, the evidence to support TENS for labor-
related pain is limited. Evidence for treating NP with TENS 
is very low and heterogenic,3 being unable to state its effec-
tiveness even in spinal pain, where evidence is inconclu-
sive.14 Nevertheless, potential benefits may outweigh the 
risks, and the available data suggest that TENS does not 
appear to negatively impact either the mother or the baby. 
The use of TENS at home during the early stages of preg-
nancy has not been evaluated. Although the guidelines of 
the National Institute of Health and Clinical Excellence 
advise against TENS during labor, some women have cho-
sen this treatment, with midwives’ support.12 Given the 
lack of adverse effects associated with TENS during labor, it 
seems unreasonable to deny women this option. However, 
more robust studies of effectiveness and safety are needed. 
Given the limited data and lack of high-quality scientific 
evidence, mainly due to the difficulty involved in conduct-
ing clinical trials in this patient population (the condition 
is relatively rare, and there are important ethical consider-
ations in pregnant women), we believe that this case report 
may provide valuable data to add to the limited body of evi-
dence, helping other clinicians to manage patients in simi-
lar circumstances. Clearly, given the limited evidence for 
TENS during pregnancy, both the mother and fetus should 
be closely monitored. A multidisciplinary approach involv-
ing specialists in obstetrics, neonatology, pain management, 
and anesthesiology should be applied in these cases to 
ensure good outcomes. E
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