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Objective—To measure the effect of lidocaine on the duration of the migrating myoelectric complex
(MMC) and Phases I, I1, and I1I of the MMC, spiking activity of the jejunum, and number of Phase
III events when administered postoperatively to normal horses.

Study Design—Nonrandomized cross-over design.

Methods—Horses were anesthetized and via flank laparotomy 4 silver—silver chloride bipolar elec-
trodes were sutured to the proximal jejunum. Electrical activity was recorded for 6 hours during
3 recording sessions beginning 24, 48, and 72 hours postoperatively. Saline (0.9% NaCl) solution
was administered for 3 hours followed by lidocaine administration for 3 hours (1.3 mg/kg bolus
intravenously [IV], 0.05 mg/kg/min IV constant rate infusion).

Results—Duration of MMC was unchanged during lidocaine administration (77 minutes—saline
versus 105 minutes—lidocaine, P=.16). Durations of Phase I and II were unchanged during
lidocaine administration (P=.19 and .056, respectively). Phase III was shorter during lidocaine
administration (P=.002). Spiking activity was unchanged at all time periods during lidocaine
administration (24 hours—P =.10; 48 hours—P =.95; and 72 hours—P =.12). The number of
Phase III events was unchanged over all time periods during lidocaine administration (P =.053).
Conclusions—Duration of MMC, spiking activity, and number of Phase III events was unchanged
during lidocaine administration.

Clinical Relevance—Use of lidocaine as a prokinetic agent cannot be supported by this study in
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normal horses; however, results may differ in clinically affected horses.
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INTRODUCTION

OSTOPERATIVE ILEUS (POI) is an absence of

progressive intestinal motility that can result in mor-
tality rates up to 86% in affected horses.! Although sur-
vival rates for horses suffering from postoperative ileus
have improved in recent years, POI remains an important
clinical problem and is cited as the leading fatal compli-
cation in horses with colic.'" Horses with POI are often
euthanatized because of financial constraints, so death
may not be directly related to POI. POI has many causes
and treatment includes gastric decompression, fluid re-

placement, and analgesic therapy. Potassium and calcium
are also frequently supplemented to promote smooth
muscle contractility. When treatment designed to allevi-
ate clinical signs fails, pharmacologic enhancement of
intestinal motility is often attempted.

Peristalsis of the small intestine is directly correlated to
the electrical activity of the muscularis.” Electrical activity
of the small intestine can be divided into 2 patterns: slow
waves and spike bursts. Slow waves of electrical activity
spontaneously occur resulting from transient depolariza-
tion of the resting membrane potential. Slow waves do
not result in muscular contractions, and occur at a rate of
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12-14/minute. Spike bursts are action potentials that oc-
cur when a slow wave reaches threshold and are electro-
mechanically coupled to muscular contractions.” Each
spike burst is accompanied by a muscular contraction.
This coupling allows assessment of intestinal motility by
quantification of the number of spike bursts that occur
during a given time period (spiking activity).?

In the jejunum, the pattern of spike bursts superim-
posed on slow waves forms a repeating, measurable cycle
termed the migrating myoelectric complex (MMC).> The
MMC has 3 distinct phases. Phase I is comprised almost
completely of slow waves and very few spike bursts.
Phase II consists of intermittently occurring spike bursts
and spike bursts occur with every slow wave during Phase
II1.*° Propulsive motility occurs during Phases IT and III
and the terminal Phase III propels any remaining ingesta
aborally. The cycle then repeats, beginning with Phase 1.
Duration of the MMC is the most frequently cited meas-
ure of intestinal electrical activity in horses, cattle, and
humans, and it is an accepted method for assessing the
effects of drugs on intestinal motility in horses.> ' At-
ropine, butorphanol, pentazocine, and meperidine have
all been assessed in this manner and are known to
lengthen the MMC and inhibit electrical activity.®'?

The individual components of the MMC (duration of
each phase and spiking activity) have also been used as an
additional determinant of electrical activity.*'®!" Scott
et al'' completed a meta-analysis of the human literature
(1977-2006) and many publications use the duration of
phase and spiking activity as an assessment of jejunal
motility. Phase duration can be used to indirectly meas-
ure the duration of the MMC when complete MMCs are
unavailable. Spiking activity is an index of motility using
the number of spike bursts occurring per unit of time, and
has been used to quantify small intestinal motility in
horses, cattle, and humans.>'%!! These spike bursts are
directly correlated to muscular contractions and presum-
ably propulsive motility.> Therefore, more frequent spike
bursts result in increases in motility.

Lidocaine hydrochloride is an amino-amide local an-
esthetic that is proposed to be an analgesic and to shorten
the duration of POI in horses.'*'* Clinical trials in hu-
mans suggest that lidocaine administration shortens the
duration of POI by blocking inhibitory reflexes.!>!'®
However, the results of human studies must be extrapo-
lated to the horse with caution because POI in humans is
a problem of the large intestine, and in horses, clinically
recognized POI is confined to the small intestine. It is
possible that large-bowel POI occurs in horses but is not
widely recognized as a clinical entity."”

In vitro studies of equine smooth muscle extracts in-
dicate that lidocaine increases the amplitude of duodenal
smooth muscle contraction; however, these results are not
easily translated to clinical patients.'® A clinical trial in 32

horses with POI found that lidocaine decreased duration
of POI in postoperative colic patients'*; however, there
are no in vivo studies in horses that assess the effect of
lidocaine on the electrical activity of the small intestine.

Our purpose was to assess the effect of a lidocaine
constant rate infusion on postoperative jejunal motility in
normal horses by measuring the electrical activity of the
jejunum using surgically implanted electrodes.

MATERIALS AND METHODS

Horses

We used 6 horses (2 geldings, 4 mares; aged 3-21 years;
weighing, 378-580kg) donated for reasons unrelated to the
gastrointestinal tract. Horses had normal physical examina-
tion findings, complete blood counts, and serum biochemical
profiles.

Horses were allowed water but not food for 8 hours before
surgery and were premedicated with flunixin meglumine
(1.1 mg/kg, intravenously [IV]) and administered tetanus tox-
oid. An IV catheter was placed in each jugular vein, 1 for drug
administration and 1 for blood sample collection. Horses were
sedated with xylazine (1.1 mg/kg IV), anesthetized with ket-
amine (2.2mg/kg IV), and anesthesia was maintained by IV
infusion of guaifenesin, xylazine, and ketamine. Horses were
positioned in right lateral recumbency and the left flank was
aseptically prepared for a 20 cm modified grid flank laparot-
omy.

Four ethylene-oxide sterilized silver—silver chloride bipolar
electrodes were sutured to the antimesenteric border of the
jejunum, ensuring penetration into the muscularis.® Electrodes
were located 10 cm apart beginning 100-150 cm aboral to the
pylorus. Approximately 60 cm of wire remained in the abdo-
men. The wires exited through the top of the incision and were
secured to the skin. The incision was closed in routine fashion.
The wires were secured to the horse with a reusable abdominal
support bandage for anesthetic recovery. The wires interfaced
with the data collection system and Labview 7.0 software
(National Instruments, Austin, TX). Horses were adminis-
tered flunixin meglumine (1.1 mg/kg IV once daily for 3 days)
beginning 24 hours postoperatively.

Myoelectric Data Acquisition

The electronics used to measure and record the electrical
signals from the intestine consisted of custom-made elec-
trodes, a 4-channel preamplifier, and a commercial analog-
to-digital converter (ADC) interfaced to a computer running a
custom LabVIEW program (Fig 1).

The electrodes were fabricated as described by Merritt.®
Briefly, each electrode consisted of a pair of silver wires sol-
dered to individual Teflon™ (Alpha Wire Company, Elizabeth,
NJ) jacketed copper wires and embedded in dental acrylic.
The wire pairs from each electrode were twisted together over
a length of 8 feet and bundled together with the other elec-
trodes. In addition, a single reference electrode was attached
to a shaved portion of the horse’s withers (an area free of
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Fig 1. Simplified data acquisition front-end diagram.

muscle mass) using an alligator clip to eliminate environmen-
tal electronic noise that would otherwise mask the electrical
signals from the intestine.

A custom graphical user interface was created with Lab-
VIEW 7.0 software and was used to acquire, store, and display
data. Data was displayed on a strip chart of voltage versus
time and stored in binary to a file with a timestamp for the
duration of the recording session. The data could be recalled
to the strip chart at any time after capture was complete. Data
could be compressed or extended to determine the exact elec-
trical activity occurring at each time point during the record-
ing session (Table 1).

Recording Sessions

Horses were allowed water but no hay or grain for 12
hours before recording sessions and were cross-tied during
recording sessions. Recordings were obtained at the same time
each day. Electrical activity was continuously recorded for 6
hours beginning at 24, 48, and 72 hours postoperatively.
During the 6-hour recording sessions, saline (0.9% NaCl) so-
lution control was administered as a constant rate infusion
(CRI; 0.05mg/kg/min) for 3 hours followed by 2% lidocaine
hydrochloride administration (1.3mg/kg IV bolus continued
with a 0.05mg/kg/min CRI) for 3 hours. Both solutions were
administered at the same volume/minute rate. Blood samples
were collected at T=0, 1, 2, and 3 hours of lidocaine admin-
istration and analyzed using high-performance liquid chro-
matography with ultraviolet detection to measure serum
concentrations of lidocaine. The lower level of quantification
was determined to be 0.05 ug/mL.

Table 1. Specifications for Data Recording Variables
Variable Specification Comment
Input impedance ~ 80M Differential w/reference
connection
Low-frequency cutoffs 20, 10.6, 0.8 Hz  Eliminates motion influence
High-frequency cutoff 500 Hz 8th order Butterworth
LP filter
Gain S01V/V Typical maximum
signal 4+ 5mV
Sampling rate 2kSPS On 2 of 4 channels
ADC resolution 12 bits + 2.5V full scale

Analysis of Electrical Recordings

We used previously published definitions of intestinal elec-
trical activity.® Spike bursts were identified as action potentials
occurring when slow waves reached maximal depolarization.
Each minute of each 6-hour recording session was categorized
into Phase I, 11, or IIT according to the following definitions.
Phase I was defined as <10% of slow waves associated with
spike bursts; Phase IT was 11-99% of the slow waves asso-
ciated with spike bursts, and 100% of the slow waves were
associated with spike bursts during Phase III (Fig 2).8 A com-
plete MMC was defined as the electrical activity occurring
from the beginning of Phase I to the end of Phase III.

Mean duration of the MMC during saline and lidocaine
administration was compared using a Student’s t-test applied
to pooled data from 24, 48, and 72 hours. Only MMCs that
began and ended entirely within each treatment period were
considered for analysis. The duration of Phases I, II, and III
occurring during saline and lidocaine administration was
compared using the t-test applied to pooled data for 24, 48,
and 72 hours. Only the phases that began and ended entirely
within each treatment period were considered for analysis.

Spike bursts occurring during Phases I and 1T were counted
and this number was divided by time (in hours) to obtain a
value of spike bursts occurring per hour; this value was de-
fined as spiking activity. Spiking activity during saline and
lidocaine administration was compared using the paired t-test.
Data from 24, 48, and 72 hour recording sessions were ana-
lyzed individually.

The number of Phase III events occurring during saline and
lidocaine administration was compared using the Sign test
with pooled data from 24, 48, and 72 hours. Phase III events
beginning during saline administration and ending during li-
docaine administration were considered part of the saline-
treatment group. A level of significance of P<.05 was selected
for all analyses.

RESULTS

Electrodes functioned correctly in all horses through-
out the study. Recordings were obtained at all time pe-
riods for all horses except Horse 3 at 24 hours. Loss of
data was because of a technical error. Horse 6 was re-
moved from analysis at the 72-hour time period because
of development of an incisional infection and signs of
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Fig 2. Phases I, II, and III of the migrating myoelectric complex (MMC).

systemic illness. Phases were easily distinguishable using
criteria developed by Adams et al.® Serum lidocaine con-
centrations in all horses ranged between 1.21-1.94 ug/mL.
Lidocaine residues were not detected in any of the pretrial
samples indicating complete drug clearance between each
trial.

Duration of MMC and Phases I, II, and III at 24, 48,
and 72 hours was analyzed separately using 2-way ANO-
VA for repeated measures, and no differences were iden-
tified. Therefore, data from all 3 recording periods were
pooled for analysis of duration of MMC and duration of
Phases I, II, and III. Mean duration of MMC was not
different during saline (77 minutes) and lidocaine admin-
istration (105 minutes; P =.16). Mean duration of Phase
I was not different between saline (6.28 minutes) and li-
docaine administration (4.75 minutes; P=.19). Mean
duration of Phase II was not different between saline
(67.05 minutes) and lidocaine administration (97.4 mi-
nutes; P=.056). Mean duration of Phase III during
lidocaine administration was shorter (saline 8.65 minutes,
lidocaine 5.88 minutes; P=.002). Spiking activity was
not different during saline and lidocaine administration.
Mean spiking activity was 103 versus 125 at 24 hours
(P=.10), 90 versus 91 at 48 hours (P=.95), and 106

Time in hours

Saline administration

N

0

versus 124 at 72 hours (P =.12), during saline and lido-
caine administration, respectively.

Data from all 3 time periods were pooled for analysis.
The number of Phase III events occurring during saline
and lidocaine administration was not different (P =.053).
Total numbers of Phase III events at 24, 48, and 72 hours
during saline and lidocaine administration were 7 versus
4, 11 versus 6, and 8 versus 5, respectively (Figs 3-5).

DISCUSSION

Evidence of a prokinetic effect for lidocaine is pro-
vided by an in vitro study using isolated strips of jejunal
smooth muscle and from a clinical trial of 32 horses with
POL'*!® Our study assessed the effect of lidocaine on the
electrical activity of the small intestine in normal horses
and our results do not support the clinical use of lido-
caine as a prokinetic agent.

Changes in the electrical activity (the MMC) of the
small intestine are directly correlated with changes in
muscular activity. This relationship was confirmed
by Davies et al’> using implanted electrodes and strain
gauges, documenting that each muscular contraction was

Lidocaine administration
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Fig 3. Recording sessions from S horses 24 hours postoperatively. Dotted line indicates beginning of lidocaine administration.

*Phase III event.
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Fig 4. Recording sessions for all horses 48 hours postoperatively. Dotted line indicates beginning of lidocaine administration.
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associated with a spike burst. Duration of the MMC is the
most common method for measuring small intestine
motility.

Most propulsive motility occurs during Phase 11, the
longest phase of the MMC. Additional small intestine
propulsive motility occurs during Phase III of the MMC,
which propels any food remaining in the small intestine
aborally. Thus, duration of the MMC is likely the most
useful index of intestinal motility and this was unchanged
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by lidocaine in our study. Counting the number of Phase
IIT events is an indirect assessment of MMC duration
that we used because our recording duration was insuf-
ficient to capture complete MMCs during saline and
lidocaine administration for each horse. Analysis of the
number of Phase III events has not been individually
documented in previous studies of equine small intestine
electrical activity; however, several studies of drug ad-
ministration or intestinal obstruction report data in
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Fig 5. Recording sessions for all horses 72 hours postoperatively. Dotted line indicates beginning of lidocaine administration.

*Phase III event.
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graphical format that identifies Phase III events. From
these studies it is easy to determine the number of Phase
IIT events and the change that occurs during drug ad-
ministration.®!* Careful review of our results show that
although we did not achieve statistical significance there
was a trend for lidocaine to lengthen MMC duration and
decrease the number of Phase III events. Both of these
findings would be interpreted as detrimental to motility.

A drug with prokinetic properties could shorten the
MMC, reset the MMC completely, or increase the spik-
ing activity. Lidocaine did not shorten or reset the MMC,
which would cause the cycle to immediately begin re-
peating after lidocaine administration. Spiking activity
has previously been shown to be directly coupled to
muscular contractions.” Lidocaine did not change the
spiking activity of the jejunum, therefore, the rate of
muscular contractions during lidocaine administration
did not change. The MMCs we recorded were of longer
duration than those reported by Adams, who waited a
minimum of 14 days after electrode implantation to re-
cord.® Our MMCs were of similar or shorter length to
those reported by Merritt et al® who recorded a minimum
of 7 days after electrode implantation. We chose a re-
cording session length of 6 hours based on the results of
these 2 studies; however, longer recording sessions would
have allowed analysis of a greater number of complete
MMCs. We conducted our recordings immediately post-
operatively which may account for differences in MMC
duration between our study and previous reports. Future
studies should consider that MMCs may be longer than
previously identified in the immediate postoperative period.
The advantage of recording immediately is its relevance to
the clinical situation where POI appears in the first 24-72
hours postoperatively. It is likely that the inflammation
created by intestinal manipulation is an additional source
of variability for our results. However, we believe our
model mimics conditions occurring within the abdomen
immediately after exploratory abdominal surgery.

Our model did not allow for randomization of the order
for lidocaine and saline administration. Saline was always
administered first to prevent residual effects of lidocaine
during the saline administration period; however, 3 trials
were completed on each horse and lidocaine failed to dem-
onstrate a positive effect on jejunal electrical activity at any
time. We believe that the ability to replicate our results at 3
different periods strengthens our conclusion that lidocaine
is ineffective as a prokinetic in normal horses.

It is improbable that our anesthetic protocol affected
our results. Xylazine has been shown to decrease motility
for 30-45 minutes.’ Lester showed that guaifenesin and
ketamine decrease motility but that the effect lasts for
only 9 hours.?’ By recording at 24, 48, and 72 hours, we
were beyond the time frame in which motility would be
affected by the anesthetic agents used. Flunixin meglu-

mine does not affect small intestine motility as shown in a
similarly conducted study by Adams et al.®

The dose of lidocaine we chose is the one used most
frequently by equine veterinary surgeons and has been
shown to achieve serum levels in the therapeutic
range.>"**> Serum lidocaine concentrations of > 0.9 g/
mL have been considered therapeutic.”! We exceeded this
concentration in all horses and an increase in jejunal
electrical activity was not observed. It is unknown if
larger doses of lidocaine are required to exert prokinetic
effects. Increasing the dose may increase side effects such
as collapse, muscle tremors, or seizures. It is also possible
that a longer duration of administration is required for
lidocaine to exert a prokinetic effect.

A drug can act as a prokinetic indirectly by anti-in-
flammatory and analgesic mechanisms. Neither the cause
of POI nor all mechanisms of action of lidocaine is known.
Previous studies have indicated that lidocaine exerts anti-
inflammatory effects in experimental colitis.” Lidocaine
may indirectly promote intestinal motility by secondarily
decreasing inflammation in the bowel wall. Suppression of
sympathetic inhibitory reflexes within the intestinal wall
may provide another mechanism of action for lidocaine to
indirectly stimulate intestinal motility. Our study did not
address mechanisms of action. Lidocaine did not improve
motility in these normal horses but it remains a possibility
that lidocaine could be effective in clinical cases through a
mechanism not present in normal horses.

Gastrointestinal motility may be indirectly increased
during lidocaine infusion because of analgesic effects of
lidocaine. Robertson et al'® identified a small somatic
analgesic effect of lidocaine but did not show a visceral
analgesic effect. Decreases in minimum alveolar concen-
trations of inhalant anesthetic have also been demon-
strated in horses during lidocaine adminsitration.>*
However, we used healthy horses and flunixin meglumine
was administered at regular intervals throughout the
study to control postoperative pain.

Lidocaine failed to produce prokinetic effects in the
jejunum of postoperative normal horses. Other effects
such as anti-inflammatory and antinociceptive effects
may occur during lidocaine administration, but were not
investigated. Lidocaine was well tolerated during the
3-hour infusion period with no adverse effects observed.
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