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Abstract

Title: A Review of the Potentialherapeutic Application of Vagus Nerve

Stimulation During Childbirth
Author. Tanya Enderli
Principle Advisor T. A. Conway, Ph.D.

The goal of this research is to show ttrahscutaneougagus nerve stimulation
(tVNS) should benvestigated as a possilst@dalityfor increasing endogenous
releasenf oxytocin during childbirth. There have been many great advances made
in the practice of mdern obstetrigin the last century. Th&900ssaw the

disoovery, isolation, and subsequeavitlespread use dfie hormme oxytocinas an
agent to prevdmostpartum hemorrhage atwdnitiate or quicken laboduring

childbirth. There are significant risks to the fetus when synthetic oxytocin is used.
While the medical administration of oxytocin during labor was being jpoged,

there was also research being conducted on its physiologic mechanism in labor. A
popular idea is that uterine contractions initiate a positive feedback mechanism by

triggering a neural pathway that stimulates the release of oxytocin from the



pituitary gland, and thahe oxytocin then strengthens the contractions which leads
to more oxytocin being releasexhd so on. The use @lor analgesialsobecame
widely used in the 1900s, abg midcentury methods had been described for
administering anakgsicsinto theepidural space of the spinal cord. Currently, the
epidural is considered the gold standard in labor analgesia. However, there is some
evidence that epidural analgesia may inhtifoét oxytocin release mechanism
blocking theneuralinput needed to stimulate igswomen who have had an
epiduraltend to require synthetic oxytocin infusion more often than women who
have notResearclon women with complete spinal cord injury has shown that the
Vagus nerves provide an alternate neural pathway the female reproductive
system to the area in the brain that stimulates oxyretéaselt has also been
shown that electrical stimulation of the Vagus nerve increases plasma oxytocin
levels.Implantable VNS systems are impractical &osingle usen pregnant
womenand may be why VNS has not been exploredhistetrics. Howeveif a
noninvasive transcutaneous meth®fbund toelicit the same response as
traditional VNSthen it might provide a clinically relevant alternative to using

synthetic oxybcin during labor.
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Chapter 1
Introduction

1.1 Background of the Study

One of the most importardjthough in many ways poorly understood, events in
human life is birth. A baby can be delivered either vaginally or by cesarean section,
a surgical incision made directly into the uterus through the abd@Posner,

Jones, Dy, & Black, 2013 here is a risk of morbidities or mortalities oaooyg in
either mother or child for both methods of delivéPpsner et al., 2013put the
American College of Obstetricians and Gynecologists recommends vaginal
delivery unless there are medical indications for cesg@@mG, 2013) Labor

that lasts much longer than usual is referred to as labor dystocia, and can indicate
the need for cesareéBarber et al., 2011; Posner et al., 20B)dogenous, or

internal, oxytocin release is associated with a positive feedback mechanism called
the Ferguson reflex where sensory input from uterine contractions stimulates the
posterior pituitary glandbtrelease oxytocin which then stimulates stronger
contractiongFerguson, 1941 herefore, if labor dystocia is caused by insufficient
uterine contractions, then synthetic oxytocin may be used to stimulate stronger

contractions and thus prompt the progression of |I@osner et al., 2013)



In normal childbirth, one of the issues of greatest clinical significance is the
management ofbor pain, as the majority of women experience moderate to severe
pain during labofPosner et al., 2013Jhere are several pharmaceutical treatments
available to mothers in labor, but the current gold standard in pain control during
labor is epidural analges{Rosner et al., 2013There has been some controversy
about whether epidural analgesia affects the Fengueflex(Saunders et al.,

1989) but when the nerves that convey the sensations that control the reflex are
considered it is possible thiadoes(Goodfellow, Hull, Swaab, Dogterom, & Buijs,
1983) Actually, epidural analgesia useassociated with a longer labor

(Alexander, Lucas, Ramin, Mclntire, & Leveno, 1998; Leighton & Halpern, 2002b;
Posner et al., 2013and this may contribute to the higher rate of synthetic oxytocin
infusions regired for women who have received an epid¢@dodfellow et al.,

1983; Leighton & Halpern, 2002a, 2002b; Zhang, Klebanoff, & DerSimonian,

1999)

Some evidence exists that indicates that oxytocin promotes rebitcebonding
(Feldman, Weller, Zagoof8haron, & Levine, 2007; Skrundz, Bolten, Nast,
Hellhammer, & Meinlschmidt, 201 1but oxytocin is not known to cross the blood
brain barrier(Altemus et al., 2004; Landgraf Bleumann, 2004; Skalkidou,
Hellgren, Comasco, Sylvén, & Poromaa, 2012)erefore, oxytocin that is not

released by the pituitary gland, which includes synthetic oxytocin administered



3
during labor, is not believed to act on the bi@ftemus et al., 2004)Also, while
the risks of using synthetic oxytocin are not generallythfeatening to the
mother, thee are some side effects related to its use that can be quite dangerous to
the fetugPosner et al., 2013)\nother potential downside when comparing
synthetic oxytocin administration to endogenous oxytocin release is that oxytocin is
generally infused at a constant rate whereas oxytocin release from tharpituit

gland occurs in a pulsatile manri&impson, 2011)

Recently, the Vagus nerve has been found to innervate the cervix of women
(Komisaruk, BeyeifFlores, & Whipple, 2006; Komisaruk et al., 2004) studies
conducted on women with complete spinal cord infi8¢1) above the level of
sensory input from the reproductive system it was found that cervical stimulation
activated the area of the brainstem where Vagus nerve fibers enter, and if the
woman reached orgamsit was also seen that the part of the brain that stimulates
oxytocin release from the posterior pituitary was activétemmisaruk et b,

2004) Research has also shown télaictrical Vagus nerve stimulation (VNS)
results in an increase of blood flow, indicating activation, to this regienry et

al., 1998; Narayanan et al., 2002 owever, there have not yet been any studies to
determine if there ia potential clinical application of VNS to increase oxytocin

release during labor.



1.2 Problem Statement

The current state of the art in labor pain management is epidural analgesia, which
essentially functions as a nerve block for input from the rept@uargans to the

spinal cord and braiPosner et al2013) While the blocking of sensory input

does produce analgesia, there is some evidence suggesting that women who receive
epidural analgesia are more likely to require an infusion of synthetic oxytocin

during labor(Alexander et al., 1998; Goodfellow et al., 1983; Leighton & Halpern,
2002a, 2002b; Zhang et al., 199%he importance of oxytocin in childbirth cannot

be understated, as it has a wilcumented role in inducing uterine contractions

(Cal deyro Barcia & Poseiro, 1959, Dal e,
Dongen, 2001; Ferguson, 1941; Magon & Kalra, 2011; Posner et al., 2013)
Therefore, if medical interventions to control pain cause the blockage of the main
pathway by which sensory input regulates endogenous oxytocin release, then any
possible alternate nerve pathways should be assessed to determine their efficacy in

stimulating this release.

It is now well established that VNS is an effective treatment fibe seizures
(George et al., 1995; Woodbury & Woodbury, 1990; Zabara, 1&9@)epression
(Bajbouj et al., 2010; Christmas, Steele, Tolomeo, Eljamel, & Matthews, 2013;

Daban, MartineAAran, Cruz, & Vieta, 2008; Eljamel, 2015)he VNS systems
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that are currently approved by the Food and Drug Administration (FDA) consist of
a device implanted under the skin with lead wires running from the device to the
branch of the Vaganerve in the necfHowland, 2014)The invasive surgical
implantation of a medical device to assess if it stimulates the release of oxytocin in
childbirth would clearly be a laughable topic if it were to be presented to any
Institutional Review Bard, especially given the ready availability of synthetic
oxytocinthat can be used insteddowever, it has been found that there is a branch
of the Vagus nerve that extends to the externgliEhich, 2011; Fragos, Ellrich,
& Komisaruk, 2015; Howland, 2014and that electrical stimulation to the skin
over these nerves results in a response in the brain that is similar to direct VNS

(Frangos et al., 2015; Kraus et al., 2013)

This method, called transcutaneous Vagus nerve stimulation (tVNS), has not been
approved by the FDA, although tVNS systems have been\aapid and are in

use in Europe. However, tVNS is considered safe and well tolgBisdh et al.,

2013; Lehtimaki et al., 2013; Stefan et al., 2052 tVNS of the Vagus branch in

the external ear has even bg@enformed usingranial electrotherapy stimulator
(CES)units(Hein et al., 2013; Howland, 2014yhich have been approved by the
FDA for treating anxiety, depression, and insom@&en the fact that VNS has

been shown to activate the region of the brain that stimulatesaxytlease and

that tVNS offers a noninvasive alternative to implanted VNS systems, the goal of
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this research is to present an argument for the potential application of tVNS in

labor forincreasing endogenous oxytocin release.

1.3 Objectives of the Stug

This study will dentify the anatomical structures, neural pathways, and endocrine
factors relevant to childbirtifhe development of the current understanding of each
of these will be discussed throughout the revidwpecific focus will be placed on
the nervous systeto establish the currently accepted understanding of sensory
transmission during childbirtfThe literature review will highlight medical
interventions currently used in obstetrics as well as potential impacts they might

have on the childirth process.

Another goal ofltis studyis to identifykey pointsthat need to be researched in
orderto determine théeasibility of usingVNS for increasingoxytocin release

during childbirth Thiswill include a discussion on thack of empirical dta

showing the safety of using VNS during pregnancy due texbkrision of

pregnant womefrom VNS studieslt will also propose which preliminary studies
should be conducted in healthy humans to properly develop the technology before

performing any tris on pregnant women.



1.4 Limitations of the Study

Currently, there is no evidence directly showing the involvement of the Vagus
nerve in human labor and delivery. The lack of scientific evidence means that the
entire concept of this thesis is theoreti¢alnctional magnetic resonance imaging
studies on the female sexual response have shown that the Vagusiiventss
innervate théemale reproductive system and facilitate orgasm in women with
complete SC(Komisaruk et al., 2004)Therefore, it has been assumed that the
Vagus nerve might also play a role in facilitating the mechanical process of labor

and delivery.

With the understating that there is no published data on using VNS in any form as
an application in labor and delivery nor any known laboratory research currently
being conducted for this application, the argument presented in this thesis is
therefore limited to a literata review of the physiology of the female reproductive
system in both sexual response and childbirth, the involvement of the nervous and
endocrine systems during labor and delivery, any medical interventions that might
affect the role of these systems, #pplications, methods, and effects of VNS, and
any relevant research pertaining to childbirth as the basis for the reasoning behind

the research goal. Every effort has been made to synthesize this research into a
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logical argument, and discussions are @nésd in cases where the literature has

been found to be contradictory of itself.



Chapter 2
Anatomy Review

2.1 Primary Anatomical Structures of Birth

It is well understood that to learn about labor and birth one must first know the
parts that comprise tHemale reproductive system and what functions they
perform in this process. Indeed, the first few chapters of one of the earliest
published compilations of conventional knowledge on midwifery consist of a
description of what the muscles and membraneseolbtidly are followed by a
detailed review of the anatomical structures of the female reproductive ggstem
Figurel) (Hobby, 2009) The same format was used over 100 years later in one of
the first textbooks on obstetric medicine, which begins with a comprehensive
overview of the anatomy of the female reproductive system beforeylitien

contents of the book itselMauriceau, 1697)Modern textbooks tend to follow the
same format of reviewing female reproductive anatomy before presenting any other
content(seeFigure2) (Dewhurst & Edmonds, 2007; Posner et al., 2013; Pritchard
& MacDonald, 1976; Schumann, 193@) may give a brief history of obstetrics
followed by a review of the anatomy involved in childbifBookmiller & Bowen,

1954) but it appears tham presentig any approach to childbirth authors feel that
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it is first necessary to inform the reader of the relevant anatomy and physiology

involved.

Figure 17 Sixteenth Century Drawing of Female Reproductive System
(Hobby, 2009)
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Fallopian tube

Utero-ovarian |i

Figure 27 Modern Drawing of Female Reproductive SystenfPritchard &
MacDonald, 1976)

Anatomical terminology has changed over the centuries and the current
understandig of the female reproductive system is much more complex than it was
in the formative years of obstetric medicine, but little has changed in regards to

agreement about the gross anatomical structures involved in childbirth.
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Specifically, the uterus, cerviand vagina are the main parts of the reproductive
system that accomplish parturition, or birth, and thus comprise the birth canal
(Schumann, 1937}t was known at least as early as the sixteeatitury that the
fetus is enclosed in the uterus during gestation and that the cervix, a narrow passage
connecting the vagina to the uterus, remains tightly closed during pregnancy but
during childbirth dilates many times its normal size until it is langeugh to
accommodate the passing of the fetusbo

vagina for deliveryHobby, 2009)

hea
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Chapter 3
Review of Childbirth Process

3.1 Overview of Parturition

Parturition is a complex event with many physiological and anatomical changes
occurring over a relatively short time. The whole process is broken down into three
stages ofabor(Posner et al., 2013arturients are categorizas either nulliparas,

if they have not given birth before, or multiparas, if they H&asner et al., 2013)

By the start of labor the cervix should be ripe, which is defined as soft, shorter than

1.3 cm in length, easily admits a finger and is dilaté®tesner et al., 2013)

The period between onset of labor and full cervical dilation is the first stage of
labor, and generally lasts between six to eighteen hours for nulliparas and two to
ten hours for multipara@osner et al., 2013The second stage of labor begins
when the cervix is fully dilated and lasts until the baby is born, and the third stage
of labor is the period between the expulsion of the baby frembitth canal and

the delivery of the placen{®osner eal., 2013)

The duration of the second stage of labor is largely dependent on parity and
whether or not the mother received epidural analgesia, a nerve block for labor pain

(Posner et al., 2013Multiparous women with two or more previous births tend to
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labor a quarter of the time as nulliparas, and women lnave received epidurals
tend to labor almost twice as long as women of the same parity who hggeenot
Tablel) (Posner et al., 2013The duration of the third stage of labor is considered

abnormal if it takes longer than thirty minu{@osner et al., 2013)

Table 11 Duration of Second Stage of Labor in Minues(Posner et al., 2013)

0 82 45-134 45 27-76

1 36 20-77 15 10-25
2 25 14-80 11 7-20
3 23 12-53 10 5-16
=4 22 9-30 10 5-15

1Q, interquartile range (25%-75% of the population).

3.2The First Stage of Labor

The first stage of labor consists of three main phases: the latent phase, the active
phase, and the descent of the presenting(Pagner et al., 2013Jhe latent phase
begins with the mother feeling strong, regular contractions of the uterus that
progressively get stronger and more coordingtedsner et al., 2013\Iso during

this time the cervix is becomingfter, pliable, and elasti®osner et al., 2013)

The ative phase begins when the cervix is dilated between 3 to 4 cm for nulliparas
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and 4 to 5 cm for multiparas, and during this phase cervical dilation continues until
it reaches about 10 cm, or full dilatigRosner et al., 2013The descent of the
presenting part refers to the descent of the fetus throughrthednal, and while it
begins in the latent phase it mostly occurs when the cervix reaches full dilation and

progresses into the second stage of |@Bosner et al., 2013)

3.3 The Second Stage of Labor

There are two separate phases in the second stage of labor, passive and active
(Posner et al., 2013In the passive stage, the cervix is fully dilated but éte! f

head has not reached the pelvic floor and expulsive efforts have not yet begun
(Posner et al., 2013Pnce the fetal head is at the level of the pelvic floor or lower
the active phase begins, in which the mother engages in p{Blusiger et al.,

2013) As the mother pushes, the contractions push the baby lower in the birth
canal until the head emerges from Yagina(Posner et al., 2013M\fter the birth of
the had one final push delivers the shoulders, and generally the rest of the body
then slides out without effo(Posner et al., 2013RAfter the baby is delivered, the

umbilical cord is clamped and the second stage of labor(Bodser et al., 2013)

3.4 The Third Stage of Labor

The third stage has two parts: separation of the placenta from the uterine wall and

expulson of the placenta through the birth ca(Rdsner et al 2013) Placental
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separation usually occurs within five minutes of the end of the second stage of
labor(Posner et al., 2013fxpulsion of the placental is done by tractioning the
cord while applying pressure to the uterus just above the symphysis pubis of the
pelvis, a technique referred to as the Brakdtrews maneuvdiPosner et al.,

2013) The delivery ofhe placenta ends the third stage of labor, and thus

completes the birth.

3.5 Birth by Cesarean Section

Cesarean section is a form of delivery where the fetus is removed from the uterus
through a surgical incision in the abdon{@osner et al., 2013Current cesarean
rates are between Z® percen{Posner et al., 2013although the World Health
Organization hasuggested that the rate should be betweetblercen{WHO,
2015) There are a number of indications for cesasgation, such as fetopelvic
disproportion, where the fetal head is too large to pass through the birth canal,
malpresentation or malposition oktlfetus, labor dystocia, or labor that lasts much
longer than usuafrevious cesarean surgery, and fetairdgs(Posner et al., 2013)
The fetal mortality rate isesarean procedures is higher than that of vaginal
delivery, but that is primarily attributable to the conditions for which the cesarean

was indicatedPosner et al., 2013)
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Chapter 4
Nervous System Review

4.1 Nervous System Overview

The nervous system consists of a central nervous system (CNS) and a geripher
nervous system (PNS). The CNS includes the brain and spingNatithn, 1997)
and the PNS is comprised of the cranial, spizadl autonomic nervésNervous
System," 2016)The brain has sexa major divisions, including the cerebrum,
basal nuclei, micbrain, pons, cerebellum, and medulla oblongd@aain," 2010)

and the spinal cord is a cylindrical structure that is continuous with the medulla
oblongata and extends through the spinal column to give off the spinal nerves of

the PNS("Spinal cord,” 201Q)

These nerves include eight cervical nerves-@8}, twelve thoracic nerves (71
T12), five lumbar nen® (L1-L5), five sacral nerves (835), and a coccygeal
nerve (Co)SeeFigure3) (Netter, 2014)At about the level of L1 the spinal cord
starts to branch out and separate into a bundle of the remaining spues, ner
referred to as the cauda equ{hetter, 2014)The brain and spinal cord are
protected by a sheath of three layers of tissue called the dura mater, arachnoid

mater, and pia mater that collectively are referred to as the durNasiher, 2014)
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This sac also encases much of the cauda equina, but it terminates at about the level
of S3(Netter, 2014)There are also twelve cranial nerves, and with the exception
of the hypoglossal nerve, or the twelftanial nerve, they all directly innervate the
brain without any fibers passing through the spinal ¢8eeFigure4) (Netter,

2014)



¢1 4 €1 spinal nerve exits
/ above C1 vertebra
Occipital Q
bonc o
Cervical — C4
enlargement —C4
6 (8 spinal nerve

L6 7 | exits below
—CB C7 verichra
ithere are 8 cervical
nerves but only
Ti_.R 7 cervical vertchraci

Lumbar
enlargement
Conus medullans
(lermination of

spinal cord)

Termination of
dural sac
Coccygeal nerve

Coceyx

S Cervical nerves
B Thoracic nerves
B Lumbar nerves
B Sacral and coccygeal nerves

Figure 371 Spinal nerve roots exiting the CNSNetter, 2014)
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Figure 417 Motor and Sensory Distribution of the Cranial Nerves to the
Brain (Netter, 2014)
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