# OO# ,2#1& .#, A
28# 5-0*"al *# "', % .3

H#, #1111 --)1
3'*2 7 11'#,2'121A $-C

5200 129,000 155M

154  TOP 1% 12.2%




10

Electromyography of Pelvic
Floor Muscles in Rats

Yolanda Cruz Gomez!, Hai-Hong Jiang23, Paul Zaszczurynski4,

Raul Juare?, César Pastelirf and Margot S. Damaseg 34

1Centro Tlaxcala de Biologia de la Conducta, Universidad Autonoma xiealEaTlax.
2Glickman Urological & Kidey Institute, the Cleveland Clinic, Cleveland, OH
SDepartment of Biomedical Engineerintge Cleveland Clinic, Cleveland, OH
4Advanced Platform Technology Retfiigdition Research & Development Center

Louis Stokes VA Medical Center, Cleveland, OH

SMaestria en Ciencias Biologicas, Universidad Autbnoma de TkXdax.
6Doctorado en Neuroetologia, IVarsidad Veracruzana, Ver.

1.5.8Véxico

234JSA

1. Introduction

The pelvic floor muscles (PFM) form a hammock-like structure that closes the pelvic outlet
and supports the pelvic viscera to maintain their position (Ashton-Miller et al. 2001). As
such, they are important for maintenance of continence, both urinary and fecal, particularly
in women, since women have a smaller external urethral sphincter (EUS). Dysfunction of
these muscles is clinically related to female pelvic floor disorders, a spectrum of conditions
that include pelvic organ prolapse as well as both urinary and fecal incontinence (Ashton-
Miller & Delancey 2009; Shafik 2000; Thor & de Groat 2010).

Electromyography (EMG) is commonly used clinically to assess the integrity of t he PFM,
which include the coccygeus, iliococcygeus, and pubococcygeus (Ashton-Miller & Delancey
2009; Thor & de Groat 2010; Weidner et al. 2000Weidner et al. 2000). Muscle activity is
usually recorded through the anus or vagina using needle or surface electrodes during
voluntary contraction of the PFM, during micturition, or during abdominal Credé
maneuvers (Ashton-Miller & Delancey 2009; Chantraine & de 1978; Thor & de Groat 2010;
Weidner et al. 2000a; Weidner et al. 2000b). Thigechnique assumes that the pelvic floor
behaves as a single unit andEMG recordings are comparable regardless of the recording
location or the methods used. However, the PFM is not a single muscle. For example, only a
limited number of PFM fibers are in close anatomical relation to the urethra, and therefore
are more likely to play a greater role in maintaining urinary continence. We do not know
whether, independent of their position, all fibers discharge simultaneously or have
differentiated responses for maintaining continence.

Rats are the animal model most commonly utiliz ed to study the mechanisms of continence
and for preclinical testing of treatments since they are readily available and, despite their
guadruped status, their PFM anatomy and innervat ion bears a distinct similarity to humans
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(Bremer et al. 2003; Jiang et al. 2010; Poortams & Wyndaele 1998; Poortmans & Wyndaele
2002; Thor & de Groat 2010). The pelvic musclesorm a bowl-shaped support attached to the
pelvis, the coccyx, the pelvic ligaments and supports the vesical organs (Ashton-Miller et al.
2001; Wall 1993). Anatomic landmarks for these muscles in female rats are generally similar
to those in women except for the lack of a puborectalis muscle in rats and the coccyx which
controls the well-developed tail in the rat (Barber et al. 2002; Borirakchanyavat et al. 1997;
Pacheco et al. 1989). In female rats the ploococcygeus and iliococcygeus are primarily
innervated by the levator ani nerve from the L6 -S1 trunk (Figure 1) (Bremer et al. 2003; Jiang
et al. 2010)

The levator ani nerve travels into the pelvic floor from the ventromedial surface and the
nerve roots are generally more proximal in fe male rats compared to women (Barber et al.
2002; Jiang et al. 2010). However, the course a@hinnervation of the levator ani nerve are
similar between female rats and women (Barber et al. 2002; Jiang et al. 2010). Some reports
have debated if the pudendal nerve also innervates the pelvic floor muscle both in rats and
women (Barber et al. 2002; Erdogru 2008; Grigoescu et al. 2008; Strohbehn 1998; Wall 1993;
Wallner et al. 2008). However, most of the anabmic and functional studies support the idea
that the pudendal nerve does not contribute to the innervations of these muscles (Jiang et al.
2010; Thor & de Groat 2010).

L6-S1 trunk

Internal iliac
vessels

Pelvic nerve

Levator ani

Ischium

Fig. 1. Exposure of the levator ani nerve (left) in a female rat. The nerve branches from the
L6-S1 trunk and enters the pelvic floor along with the pelvic nerve from its ventromedial
surface.

The goal of this chapter is to review the literature regarding measurement of PFM EMGs in
laboratory rats, focusing on methods and results to date and to present original data
utilizing EMG measurement to determine if th ese muscles act as a single unit or act
individually during micturition.

2. Electrodes and techniques used to measure PFM EMGs in|  aboratory rats

Several different electrodes have been utilizedto study EMGs of pelvic and perineal muscles

in rats, including concentric el ectrodes (Kerns et al. 2000), parallel electrodes (Jiang et al.
2009a, 2009b), and wire electrodes (Chang & Haton 2008; Cruz & Downie 2006; Peng et al.
2006; Yang et al. 2010). Several muscles in or clesto the pelvic floor have been studied in
rats, including the pubococcygeus, iliococcygeus, EUS, and external anal sphincter (EAS)
muscles (Manzo et al. 1997; Salcedo et al. 2010; Thor & de Groat 2010). EUS EMG in female
rats has been investigated more often than EMGs of the other pelvic or perineal muscles
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because of the clinical relevance to stress inontinence and urodynamic testing (Jiang et al.
2009b; Kerns et al. 2000; Peng et al. 2006; Thor & de Groat 2010).

2.1 Techniques for recording EMG of pelvic floor muscles in rats
Rats are usually anesthetized with urethane or ketamine and xylazine intraperitoneally for

EMG recordings (Chang et al. 2007; Chang & Harton 2008; Jiang et al. 2009a, 2009b; Pikov et
al. 1998). Sometimes isoflurane is used to supplement anesthesia during surgical
preparation for the recording (Miyazato et al. 2008). To access pelvic and perineal muscles,
the pubic symphysis is exposed with the rat in a supine position and after a hypogastric
midline incision. The rectus muscles are then transected and the Retzius space is exposed
after opening the pubic symphysis with mosqui to forceps. To avoid unexpected bleeding,
the bilateral inferior epigastric vessels are ligated and cut before opening the pubic
symphysis (Jiang et al. 2010). Using wire electrodes, the EUS can be approached
ventromedially by inserting a 30-gauge needle (Jiang et al. 2010).

If a caudal approach is needed, the pubococygeus and iliococcygeus muscles can be partly
exposed by bluntly separating the pubic symphysis to the ischiorectal fossa. The ischiorectal
fossa is then opened slightly to approach the pubococcygeus and iliococcygeus muscles. The
needle can be inserted through the ischiorectalfossa to the muscles (Figure 2, blue arrow in
panel A). Parallel electrodes have been used to measure pelvic floor muscle EMGs by
touching the electrodes to the muscles through the muscle surface nearest the pelvis (Jiang
et al. 2010). If a survival procedure for the PFM EMG is necessary, the PFM may be

approached without opening the pubic symphysi s or via a dorsal approach after opening
the ischiorectal fossa.

Hiococcy geus Pelvis
Coccygeus
Tliococcy geus

pubococcygeus s
Coccygeus

pubococcy geus

’
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Fig. 2. lllustration of pelvic floor muscle attachments showing the direction of muscle
contraction (arrows in right panels). A: vertical view of a female rat pelvis (blue arrows in
left panel show the different approaches for re cording pelvic floor muscl es). B: lateral view

of the same pelvis.
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2.2 Techniques for recording EUS EMG in rats
EUS EMG in rats has been extensively studied fa evaluation of lower urinary tract function

and dysfunction (Jiang et al. 2009b; Kerns et al 2000; Peng et al. 2006; Steward et al. 2010;
Thor & de Groat 2010). The recording is usudly performed simultaneous with recording
bladder pressure during cystometry (CMG) or le ak point pressure (LPP) testing to test the
urinary continence reflex and coordination between the bladder and urethra (Jiang et al.
2009a; Peng et al. 2006; Steward et al. 2010; Yarg al. 2010). Several approaches to the EUS
using concentric electrodes, parallel electrodes, and wire electrodes have been utilized
(Figure 3) (Steward et al. 2010). An end-pointrecording under urethane anaesthesia is one of
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most commonly used techniques to record EUS EMG (Peng et al. 2006). To obtain better
quality recordings, the pubic symphysis can be bluntly separated during the procedure to
enable visualization of the mid-urethra.

External urethral

sphincter (EUS) Pudendal nerve sensory branch

Pubic symphysis Pudendal nerve motor branch

(open)

© Concentric bipolar electrode

: Parallel bipolar electrode

VX Wire bipolar electrode

Fig. 3. Placement of different electrodesafter opening the pubic symphysis for EUS EMG
recording (adapted with permission from Steward et al. 2010).

If repeat EUS EMG recording is necessary, the EUS can be accessed with wire electrodes via
a retropubic approach, a perineal approach, or through the anterior vaginal wall as a
survival procedure under ketamine/xylazine anes thesia (Steinmetz et al. 2008). A female rat
is placed in a supine position and a catheter (PE50) is inserted into the bladder via the
urethral orifice to help locate the urethra for wire electrode insertion into the EUS (Figure 4).
An audio monitor can be utilized to guide electrode insertion.

Fig. 4. Different approaches for repeat EUSEMG recording. A: retropubic approach. B:
perineal or anterior vaginal wall approach.

In some animal models, such as spinal cordinjury, EUS EMG may be recorded with the rat
conscious but restrained. Wire electrodes ae inserted via a perineal approach under
isoflurane anaesthesia. Before awakening, the rats are placed in a restrainer (Figure 5) and
then wakened from the anesthesia to make EMG recordings.
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Fig. 5. A conscious spinal cord injured rat in a restrainer to make recordings of EUS EMG
and bladder pressure.

2.3 Techniques for recording the external anal sphincte r EMG in rats

EAS EMG has been well studied clinically as a substitute for EUS EMG during clinical
urodynamics testing (Blaivas 1984), but is unlike the EUS EMG in rats (Salcedo et al. 2010).
The anatomic location of the anus is a relatively longer distance from the urethra and vagina
in rats (relative to body size) compared to women. The EAS is smaller and has reduced
activity compare to the EUS in rats. In addition, the motone urons innervating the EUS and
EAS in rats are anatomically separated in the spinal cord (McKenna & Nadelhaft 1986).
Nonetheless, EAS EMG has been studied in rats for specific purposes (Holmes et al. 1998;
Salcedo et al. 2010), such as for development of an animal model of fecal incontinence
(Zutshi et al. 2009). EAS EMG is recorded usng a 30 G concentric monopolar needle after
inserting it into the EAS. Ketamine/xylazine an esthesia is used whether the procedure is a
survival or terminal procedure, since urethane decreases anal sphincter contraction (Salcedo
et al. 2010; Zutshi et al. 2009).

3. Rat PFM EMG signal processing and analysis methods

The majority of studies in rats involving EMG of the PFM, the EUS, or the EAS are analyzed
gualitatively (Thor & de Groat 2010). However, with the development of EMG analysis
methods, quantitative analysis of the EMG has become an effective method of quantifying

the continence reflex, functional recovery, and the pattern of reinnervation of these muscles
(Jiang et al. 2009b; Jiang et al. 2010; Liu et al. 2008; Peng et al. 2006; Steward et al. 2010;
Zutshi et al. 2009).

3.1 EMG Signal collection and correction

A high quality EMG signal is critical for quantitative analysis. A segmental interval is
chosen, usually one to several seconds, from a stable EMG recording or at a required time
point, such as at the peak of LPP testing. Tke segment of the EMG is then filtered for 60 Hz
noise (power supply frequency) using a notch filter (Jiang et al. 2009a, 2009b; Steward et al.
2010). To correct for a travelling baseline in thesignal, it can be smoothed using a triangular
Bartlett window to obtain a signal consisting only of baseline changes (Ritter et al. 2005).
This smoothed signal is then subtracted from the original signal to create a corrected signal
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(Figure 6). The resultant signal has a flattened baseline and is more appropriate for
thresholding. The relative amount of baseline correction needed for each signal can be
expressed as the sum of the amplitude spectum normalized to the sum of the amplitude
spectrum of the raw signal (Steward et al. 2010).
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Fig. 6. Baseline correction of EMG recording. A: Example of EUS EMG during leak point
pressure testing corrected by smoothing the baseline. B: Amplitude spectrums for the signal
in panel A (adapted with permission from Steward et al, 2010).

3.2 Mean amplitude and firing rate calculation

EMG signals are then balanced by setting meanamplitude to zero to remove any offset. The
signals are then rectified (Figure 7) and mean amplitude is calculated. To calculate mean
firing rate of the EMG signal (previously te rmed “mean frequency” in Jiang et al. 2009a,
2009Db; Salcedo et al. 2010; Steward et al. 201@,threshold for differentiating noise from
neuromuscular activity is set at a certain voltage (such as 0.25 uV, depending on the
amplitude of noise in a particular situation. Th e mean firing rate is calculated by counting
the number of peaks above the threshold per second (Steward et al. 2010).
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