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ABSTRACT:

A major goal of anesthesia practitioners is to provide a comfortable and expedient
recovery from the effects of surgery and anesthesia. This includes the challenge foétered
by managed-care of facilitating earlier discharges while also managing postoperative
pain. Moreover, consumer knowledge and technological advances are pressing the health
care community to seek higher levels of patient satisfaction and cost containment.
Elective surgery patients are acquiring greater expectations regarding the perioperative
care they receive, which includes absence of recall, minimal pain or discomfort, and
absence of nausea following surgery.

Each year over 10 million women in the United States alone elect to have surgical
sterilization. This is usually accomplished laparoscopically despite the problems of post-
laparoscopic pain, which can be severe enough to warrant an unplanned admission.
Anesthesia researchers have sought pharmacologic methods in order to address this
challenge, with a contemporary approach being preemptive analgesia.

Non-steroidal anti-inflammatory drugs have been shown to inhibit the release of
chemical mediators of pain and inflammation following tissue trauma. This results in the
reduction of untoward physiologic and psychological effects, improved patient outcomes,
and diminishes the economic effects secondary to unplanned hospital admissions.
Ketorolac and ibuprofen have both been studied in this patient population when given
preemptively with mixed results; presently there is no conclusive evidence as to which

drug is more effective. This prospective, randomized, double-blind clinical trial




compared the effects over time when these patients received ketorolac or ibuprofen
breemptively.

The sample was comprised of 44 subjects undergoing laparoscopic tubal ligation
under general endotracheal anesthesia at a regional military medical center for the Pacific
Rim. The patients were either ASA category I or II and at least 18 years of age assigned
to one of two treatment groups.

Group I received 800 mg ibuprofen orally and a 1 ml saline placebo
intravenously; conversely, Group II receivg:d an oral placebo and ketorolac 30 mg
intravenously. Postoperative pain was assessed using an 11 point Numeric Rating Scale
(NRS) at seven time intervals. Additionally, a follow-up questionnaire and 24-hour
postoperative phone call were used to collect data on the patients’ satisfaction of being in
the study.

The Student’s ¢ test was used to determine homogeneity between the two groups.
NRS scores were analyzed using a two-way repeated measures ANOV A with orthogonal
contrasts. Analysis revealed a significant difference, with the group receiving ibuprofen
having lower postoperative pain scores (p<0.01) from two hours after the end of surgery
until bedtime. The bimodal data also had predictive value. In addition, Caucasian patients
had significantly more nausea at home (p<0.01) than African-American or

Hawaiian/Pacific Islander patients.
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CHAPTER I

Introduction

A major goal of anesthesia practitioners is to provide a comfortable and expedient
recovery from the effects of surgery and anesthesia (Eichorn, 1997). Anesthesia providers
have been challenged to facilitate earlier discharges while managing postoperative pain
and reducing anesthetic side effects following surgery. Increasing surgical advancements
have enabled more procedures to be performed on an outpatient basis (Poole, 1999).
Moreover, consumer knowledge and technological advances are pressing the health care
community to seek higher levels of patient satisfaction and cost containment. Elective
surgery patients are acquiring greater expectations regarding the perioperative care they
receive which include absence of recall, minimal pain or discomfort, and absence of
nausea following surgery.

Voluntary sterilization is the most commonly used method of fertility control for
married couples over 30 years of age, and is the most widely used contraceptive method
worldwide protecting over 95 million couples. In addition, over 10 million women in the
United States alone have elected to undergo surgical sterilization (Gentile, Kaufman, &
Helbig, 1998; Napalitano, Vu, & Rosa, 1996).

Although there are several surgical approaches to female sterilization, the most common
procedure is interval laparoscopic bilateral tubal sterilization (ILBTS). This
contemporary term, found in the most recent literature, helps to idéntify tubal sterilization
procedures that are not performed at the time of childbirth (Tulondi, 1997). The uterus

takes about six weeks after delivery to completely involute, so ILBTS is best performed



at that time (Ryder & Vaughan, 1999). While there are variations of this lower abdominal
surgery, the two primary methods are minilaparotomy or laparoscopic approach. The
former is normally used in postpartum women, therefore, for the purpose of this study we
were interested in the laparoscopic approach as it is most often used in non-pregnant
females.

Laparoscopic tubal ligation is routinely performed on an outpatient basis despite the
problems of post-laparoscopy pain (Cade & Kakulas, 1995). The degree of pain reported
among this post-surgical population can range from menstrual cramping to being severe
enough to justify an unplanned hospital admission (Cade & Kakulas, 1995). Researchers
who have previously examined pharmacological interventions of providing the most
effective pain relief for postoperative ILBTS patients have been unable to conclude
which modality is the most efficacious (Guard & Wiltshire, 1996; Hunter & Fogarty,
1996; Kelly, Baker, Robertson, & Noble, 1994; Van EE, Hemrika, De Blok, Van Der
Linden, & Lip, 1996). Therefore, the existing variability in post-laparoscopic pain
warranted further examination and provided a foundation for our study.

There has been increased interest in preemptive analgesia; that is, to stop or reduce
pain from surgery before it begins (Cabell, 2000; Dahl & Kehlet, 1993; Garrett & |
McShane, 1999; Goodwin, 1998; Woolf & Chong, 1993). In the past, postoperative pain
often was treated by the administration of an opioid narcotic (with morphine sulfate
considered the gold standard). However, even with careful titration of opioids there can
be untoward effects like respiratory depression, somnolence, and postoperative nausea

and vomiting. These events may lead to an unplanned hospital admission, which




increases the overall cost of health care delivery and decreases patient sétisfaction
(Cabell, 2000; Cade, & Kakulas, 1995; White, Joshi, Carpenter, & Fragen, 1997).

Preemptive analgesia follows the premise that it is easier to prevent pain rather than
titrate medications to reduce pain once it has already been established (Agency for Health
Care Policy and Research, 1997). Non-steroidal anti-inflammatory drugs (NSAIDs) have
been shown to inhibit the release of chemical mediators of pain and inflammation
following tissue trauma. It is theorized that by administering NSAIDs before the ensuing
surgical trauma, the chemical mediators of inflammation will be inhibited, which in turn
decreases the inflammatory response; therefore, attenuating the resultant pain (Appendix
A). Decreased postoperative pain would reduce the untoward physiological and
psychological effects, improve patient outcomes, and lessen the economical effects
stemming from unplannéd hospital admissions.

Although the preemptive administration of ketorolac and ibuprofen have both been
studied in this population, the results have been mixed, and to date there is no conclusive
evidence as to which drug is more effective. Further investigation is warranted in order to
determine if NSAIDs have beneficial effects not only statistically, but clinically as well.
Therefore, while NSAIDs have proven benefits when used postoperatively with opioids,
their use preemptively remains equivocal.

To address the question of preemptive use of NSAIDs, we designed our study with
two treatment groups that were compared over time. Our methodology included random
assignment and a double-blind protocol with the two treatment groups; members of each

group received one of the NSAIDs and a placebo. Postoperative pain was compared




between the two groups. Also, a follow-up questionnaire and 24-hour postoperative
telephone call were used to collect data on the patients’ satisfaction of being in the study.
Research Question

Is there a difference in the reported postoperative pain scores, required postoperative
opioid usage, or elapsed time until first rescue medication administration following the
preemptive administration of either intravenous ketorolac 30 mg or oral ibuprofen 800
mg in patients undergoing interval laparoscopic bilateral tubal sterilization (ILBTS)?

Theoretical Framework

The theoretical framework for this study used a physiological model depicting
central and peripheral mechanisms that have been studied in the pain pathway. In
addition, a pharmacological model provided a viable approach to preemptively mediate
pain that is transmitted by the aforementioned pathways.

The peripheral mechanism for pain modulation begins with nociceptors, which are
receptors in the body with the specific role of transmitting noxious stimuli. Noxious
sensations are usually communicated along one of two well-defined routes, which are as
follows. Sharp, well-localized pain, also referred to as “first pain” is carried by A-delta
fibers. Conversely, dull, poorly localized pain, also known as “second pain” is conducted
by C fibers. Nociceptors are usually free nerve endings that can sense a specific stimulus.
However, polymodal mechanoheat nociceptors can sense temperature extremes,
excessive pressure, and respond to alogens (pain-producing substances). Alogens
released following surgical trauma or inflammation include prostaglandins, bradykinin,

histamine, serotonin, hydrogen and potassium ion, and lactic acid. Prostaglandins induce




a primary hyperalgesic state by increasing the sensitivity of nociceptors in the periphery,
therefore increasing the transmission of afferent pain impulses to the central nervous
system via the A-delta and C fibers.

Prostaglandins are produced through the following mechanism known as the
arachidonic acid cascade. Phospholipase A; acts upon membrane phospholipids following
tissue damage to form arachidonic acid, which is then converted into PGG; and then
PGH; (endoperoxides) via the cyclooxygenase pathway. The endoperoxides are
subsequently transformed into thromboxane A, and prostaglandins to include
prostacyclin and PGE,. Prostacyclin increases edema formation from bradykinin, while
PGE;, has a direct effect on free nerve endings. NSAIDs inhibit the cyclooxygenase
pathway and thus, the formation of endoperoxides (PGG; & PGH, ), the resulting
prostaglandins (prostacyclin & PGE;) and thromboxane (Morgan & Mikhail, 1996).

Central nervous system modulation of pain mainly occurs due to sensitization of
second-order neurons. This study was based on knowledge of second-order neurons,
which can be nociceptive-specific or wide dynamic range neurons (WDR). WDR neurons
maintain discharge frequency and have a prolonged discharge even after afferent C fiber
input has ceased by the first order neurons. During wind-up, the excitatory N-methyl-D-
aspartate (NMDA) receptors are activated. Activated NMDA receptors increase
intracellular calcium concentration in spinal neurons, which activates PLA; and
subsequent formation of prostaglandins via the arachidonic acid cascade as previously

described. Again, NSAIDs inhibit the production of prostaglandins by interfering with



the activity of cyclooxygenase; therefore, appearing to have an important role in the

central mediation of pain as well as in the periphery (Morgan & Mikhail, 1996).

The preemptive administration of a pharmacological agent does not necessarily
mean treatment before surgical tissue trauma. According to Kissin (1996), emphasis
should not be placed on the initiation of treatment, but rather the hyperexcitability and
altered sensory processing it is trying to prevent. Since initial tissue injury and
subsequent inflammatory responses cause pain, treatment timing should cover the entire
duration of noxious stimulation. This is important, as there are two potentially noxious
stimuli prior to surgical incision (L. Dahl, personal communication, August 19, 1999).
The first noxious stimulus is placement of a peripheral intravenous catheter. In the
facility where this study was conducted, the physiologic response was attenuated with the
use of buffered 1% lidocaine prior to insertion. The second is direct laryngoscopy and
intubation of the trachea. While we acknowledge the sympathetic response is attenuated
with intravenous fentanyl given before induction, our design was to have adequate onset
time for the NSAIDs used in the study in order to alleviate the inflammatory response.
This study examined the effects of two NSAIDs, ketorolac and ibuprofen, on
postoperative pain with patients undergoing ILBTS. Our goal was to administer the two
drugs a minimum of 30 minutes and 60 minutes, respectively, prior to direct
laryngoscopy and intubation of the trachea.

Purpose
The purpose of this study was to examine and compare reported postoperative pain

scores, required postoperative opioid usage, and elapsed time until first rescue medication



in patients undergoing ILBTS with the preemptive administration of either ketorolac 30
mg given intravenously or ibuprofen 800 mg given orally.

Definition of Terms
Preemptive analgesia.

Conceptual definition: The implementation of a pharmacologic modality prior to
noxious stimuli (to include direct laryngoscopy and tracheal intubation) in order to
attenuate post-operative pain. Theoretically, this cén be accomplished by interruption of
normal pain transmission pathways.

Operational definition: The administration of either intravenous ketorolac 30 mg
one half hour before incision, or oral ibuprofen 800 mg one hour prior to incision for the
purpose of preventing or decreasing postoperative pain.

Interval Laparoscopic Bilateral Tubal Sterilization (ILBTS).

Conceptual definition: A surgical procedure (in women who are at least six weeks
postpartum) involving an opening laparoscopically into the lower abdomen. The fallopian
tubes are occluded using either unipolar or bipolar cauterization or mechanicaﬂ means via
application of clips or rings in order to induce occlusion of tissues.

Operational definition: All ILBTS procedures performed on women at Tripler
Army Medical Center (TAMC) that (a) meet inclusion criteria, (b) do not fall under
exclusion criteria, and (c) consent to participate during the data collection period of 1

November 1999 through 30 June 2000, and (d) receive the standardized anesthetic.



Postoperative pain.

Conceptual definition: A subjective, unpleasant sensory and emotional experience
associated with actual or potential tissue damage (The International Association for the
Study of Pain, 1999). Includes the perception of an uncomfortable stimulus and the
resbonse to the perception.

Operational definition: The complaint of pain (including its severity and location)
reported by the patient postoperatively. The subjective complaint of pain will be
quantified using a numeric rating scale (NRS). This is an eleven point scale (0-10), with
"0" being no pain and "10" being the worst imaginable pain. Pain level will be assessed
using the NRS during the perioperative period.

Nonsteroidal anti-inflammatory drugs (NSAIDs).

Conceptual definition: A group of drugs that have analgesic, anti-inflammatory,
and antipyretic action. They comprise a variety of drugs (aspirin or aspirin-like) that
inhibit the action of cyclooxygenase with a resultant attenuation of the nociceptive
response to endogenous mediators of inflammation.

Operational definition: Ketorolac 30 mg given intravenously or ibuprofen 800 mg
given orally.

Last Menstrual Period (LMP)
Conceptual Definition: The number of elapsed days since the first day of a

woman’s last normal menses.




Operational Definition: The number of elapsed days reported by the patient since
the first day of her last menstrual cycle. Note: Women who were receiving Depo-
Provera® injections and were not menstruating had LMP coded as a missing data point.

Hypothesis

There will be a difference in reported postoperative pain scores, required
postoperative opioid usage, or elapsed time until first rescue medication administration in
patients undergoing ILBTS who preemptively receive either ketorolac 30 mg
intravenously or ibuprofen 800 mg orally.

Significance

Although laparoscopic surgical advances have played a major role in the reduction
of postoperative pain and complications in ILBTS patients, the inconsistency in levels of
postoperative pain and untoward effects continue to be a challenge to anesthesia
providers (Edwards, Barclay, Catling, Martin, & Morgan, 1991; Guard & Wiltshire,
1996; Rasanyagam & Harrison, 1996; White et al., 1997). Mixed results from preceding
studies have been unable to unanimously support the preemptive use of NSAIDs with this
surgical population (Brodie & Casper, 1985; Cabell, 2000; Cade & Kakulas, 1995;
Comfort, Code, Rooney, & Yip, 1992; Edwards et al., 1991; Higgins, Givogre, Marco,
Blumenthal, & Furman, 1994; Kelly et al., 1994). Information gleaned from this study
pertaining to the preemptive effects of ketorolac and ibuprofen could have clinical
implications.

Anesthesia practitioners are compelled to provide an expedient recovery while

minimizing the side effects of surgery and anesthesia (Eichorn, 1997). Therefore, current
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philosophies are aimed more at the prevention of pain rather than treatment in the

postoperative period. Patients whose postoperative pain is absent, or at least at a

manageable level will have a more positive experience emotionally and improved

physiological outcomes (reduced untoward effects related to nausea, vomiting, incisional

pain, & drug-induced somnolence). Unplanned hospital admissions would be reduced,

thus generating an economic benefit for the health care delivery system and institution.

Assumptions

1) The patient undergoing ILBTS has postoperative pain.

2) Postoperative ILBTS p‘atients will have similar type pain.

3) Postoperative pain is-an undesirable outcome in patients having ILBTS.

4) The pain rating derived from the NRS is an accurate reflection of the level of pain as
perceived by the patient (reliability & validity).

5) ASA classifications appropriately identify the patient’s health status.

6) Pain is subjective and can be measured most appropriately by the patient.

Limitations

1) This study was conducted in a military, teaching, medical center that may limit
generalizability.

2) Results of this study may be generalized only to patients undergoing interval
laparoscopic bilateral tubal sterilization receiving general anesthesia.

3) Anesthesia care providers possessing various degrees of preparatory education and

clinical experience provided general anesthesia.
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Summary
Patients undergoing ILBTS with unmanageable postoperative pain are subject to a

host of untoward psychological and physiological side effects. In addition to decreased
patient care outcomes and satisfaction, unplanned hospital admissions create an economic
burden for a system that is striving to contain the cost of health care. In the double-blind,
randomized clinical trial using two groups, we evaluated postoperative pain in patients
treated preemptively with either intravenous ketorolac or oral ibuprofen.

| The theoretical reasoning to treat preemptively with NSAIDs is that when present
in the body, they inhibit the synthesis of prostaglandins both centrally and peripherally.
Therefore, the chemical mediation of inflammation is halted and pain is attenuated. It is
anticipated thét the opioid-sparing effects of the NSAIDs will decrease opioid
requirements during the postoperative period; therefore, reducing their inherent side
effects such as respiratory depression, nausea and vomiting, constipation, and
somnolence. With the successful prevention or reduction of postoperative pain in
ambulatory surgical patients, outcomes will be improved, perceptions will be more
positive, overall satisfaction will increase, and economic savings will be attained by the

health care institution.




CHAPTER II
Review of Related Literature
Interval laparoscopic bilateral tubal sterilization is commonly performed in the
outpatient setting (Cade & Kakulas, 1995; Davis & Miller, 1988; Guard & Wiltshire,
1996). The success of ILBTS as an outpatient procedure may be hampered by.severe
post-operative pain. In fact, the pain after ILBTS is greater than that after diagnostip
laparoscopy (Chung, Ritchie, & Su, 1997; Davis & Miller, 1988; Green et al., 1996). The
most important factors in the successful management of outpatients undergoing
ambulatory surgery is controlling postoperative pain (White et al., 1997). Inadequate pain
relief may delay ambulation, prolong discharge, and cause an expensive, unplanned
hospital admission. |
| Challenges exist concerning the treatment of postoperative pain in ILBTS patients.
The customary method of treating postoperative pain in this patient population is via
opioid analgesia. However, opioids may cause respiratory depression, nausea, vomiting,
urinary retention, and sedation (Cabell, 2000; Cade, & Kakulas, 1995; White et al.,
1997). These adverse effects may delay or prevent discharge the day of surgery.
Researchers have been investigating ways to decrease postoperative pain, and eliminate
or decrease the need for opioids. The adjunctive use of NSAIDs has been extensively
studied because of their opioid sparing actions. Single, preoperative doses of NSAIDs
have generally been proven to be efficacious in decreasing postoperative pain, but they
are less efficacious when used as the sole analgesic (Goodwin, 1998; Souter, Fredman, &

White, 1994). Combining NSAIDs with a variety of other analgesia
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therapies such as local anesthetics, and dpioids, as well as employing psychological
support is referred to as balanced, or multimodal analgesia (Chung et al., 1997). A review
of the literature revealed that taking a multimodal approach may be the most efficacious
method in treating postoperative pain following laparoscopic tubal sterilization
\(Alexander, 1997; Chung et al., 1997; Goldstein et al., 2000; Kelly et al., 1995; Wittels et
al., 1998). Nonetheless, controversy exists in the literature concerning the optimal timing,
route of administration, and combination of drugs, so further research is needed. The
design for this prospective, double-blind, randomized, clinical trial used the multimodal
analgesia approach of combining preemptive NSAIDs in conjunction with a local
anesthetic and opioids. This study was undertaken to determine which NSAID (ibuprofen
or ketorolac), when administered preemptively, is more effective in attenuating pain
following ILBTS.

To better understand the background of this study, this chapter first takes a historical
approach in looking at the different occlusive methods used in ILBTS, complications
associated with the different methods, and types as well as etiology of pain experienced
by the tubal ligation patieﬁt. The following section examines preemptive analgesia and

the two NSAIDs used in this study, ibuprofen and ketorolac.

Interval Laparoscopic Bilateral Tubal Sterilization

Currently, sterilization is the most commonly used method of family planning in the
world (Pati, Carignan, & Pollack, 1998). Around 95 million married couples globally
depend upon sterilization (either male or female) for contraception. In the United States

alone, about 10 million women have used surgical sterilization as their method of
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contraception (Gentile et al., 1998; Napalitano et al., 1996). Although there are several
surgical approaches to female sterilization, the most common procedure is ILBTS.
Most of the literature on female sterilization was written in the 1970's. Those were
the pioneer days of laparoscopy, and tubal occlusion was the only recognized operative
technique. By the1990's, very little had been added to what was known about female
sterilization, but interest in the subject was renewed in 1997. The findings from the
United States Collaborative Review of Sterilization (CREST) study were published at

that time.

The CREST study was a large (10,863 female subjects), prospective, multicenter

~ (16 medical centers) study undertaken by the Center for Disease Control (CDC) to

examine long-term failure rates, and other issues related to tubal sterilization. After their
sterilization procedures, the subjects were followed by annual telephone interviews
ranging from eight to fourteen years. The study included data from 10,685 subjects, with
only 178 lost to analysis from attrition, hysterectomy, or death. The study used failure
rates calculated as cumulative rates over ten years. The ten year cumulative failure rate
for all types of occlusion methods was 18.5 per 1000 procedures at a 95% confidence
interval (range of 15.1 to 21.8). Unipolar coagulation and postpartum partial
salpingectomy had the lowest failure rate of 7.5/1000. Falope bands had the next lowest
failure rate of 17.7/1000. The spring-loaded clip and bipolar coagulation had failure rates
0 36.5/1000 and 24.8/1000 respectively, making them the methods with highest failure

rates (Peterson et al., 1997).
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This literature review uses the CREST study because the investigators took a
historical approach in presenting the morbidity of tubal sterilization, as well as failure
rates. In reviewing the different occlusive techniques, there will be a clearer
understanding of the benefits and limitations of each method, as well as the differing
amounts of pain experienced. The following is a chronological historical review of the
different tubal sterilization techniques on which the CREST study researchers collected
data.

In 1962, the modern technique of laparoscopic tubal electrocoagulation was first
performed. This electrical procedure was unipolar in nature. Electrical energy in the
unipolar technique is concentrated at the site at which the fallopian tube is grasped in the
jaws of the forceps. The electrical current travels from that site through the patient's
body, and exits through a "ground plate" via a pad placed on the patient's buttocks or
thigh. Today, unipolar coagulation has fallen into disfavor because of the risk of thermal
injury to intraabdominal organs in addition to the availability of safer methods. However,
the Crest study's 10 year cumulative life-table method of specific probabilities of
sterilization failure demonstrated that laparoscopic unipolar coagulation is one of the
most effecti;fe methods of female sterilization (Peterson et al., 1997).

In 1972, Rioux devised the bipolar forceps for tubal electrocoagulation. This method
differs from the conventional unipolar system in that the operating forceps carries both
the active and the return electrode. The two jaws of the forceps are completely isolated.
from one another; high-frequency current can be passed through one jaw to the tissue

grasped between the jaw, and returned to the generator through the other jaw. The current
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passes only through the tissue grasped between the jaws of the forceps, with very
minimal spread to the adjacent tissue. This method appeared to be safer than the unipolar
system, because the number of electrical burns declined rapidly with its increasing use
(Rioux, & Yuzpe, 1997). However, the CREST study investigators found that bipolar
coagulation (the most common occlusion method used in the U.S. for interval
sterilization) is associated with one of the highest failure rates and the highest ectopic
pregnaﬁcy rates (Peterson et al., 1997). The CREST investigators found that both types of
eleptrocoagulation techniques cause less pain than mechanical techniques (especially the
Falope ring). A reasonable explanation for a decreased amount of pain experienced
following electrocoagulation may be that when the tube is occluded a third degree burn is
created, thus destroying the nerve endings. |

In 1973, Hulka developed a new mechanical method of occlusion using a spring-
loaded device known as the Hulka clip. As described by Hulka and Reich (1994), the
spring clip is applied after the fallopian tube is stretched, and then is placed on the
proximal isthmus 1-2 cm from the uterotubal junction. The clip needs to be applied at a
90-degree angle to the long axis of the fallopian tube. Before the jaws of the clip are
closed, the clip is advanced over the tube until the tube reaches the hinge of the clip.
When closed, the clip should include a small portion of mesosalpinx (the proximal part of
the fallopian tube). According to the CREST study, this technique had the highest failure
rate, but it is the method most likely to be successfully reversed by tubal anastomsis.

Another mechanical approach developed in 1975 was Yoon's Falope ring. Rioux and

Yuzpe (1997) describe this method as having a loop of tube drawn up within the central
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hollow cylinder of the applicator forceps, and a silastic band loaded on the outside of the
applicator. The band is forced down over the loop of tube by the action of an outer
cylinder. The part of the tube where the ring is applied becomes sclerosed. Sometimes the
ring falls off or it may become covered by peritoneum. The CREST study researchers
found the tubal ring to be the third most effective occlusive method. The ring method
results in the loss of one to two and a half centimeters of functional tube. This occurs
because of necrosis of the segment enclosed within the ring. Secondary to necrosis, the
Falope ring method is almost impossible to reverse and causes the most postoperative
ischemic pain. Previous studies (Chi & Cole, 1979; Dobbs, Kumar, Alexander, & Hull,
1987; Pelland, 1977) lend support to the ﬁnding that pain following placement of Falope
rings is associated with greater pain than with electrocoagulation or the Hulka clip.

The Filshie clip was developed in 1981 but was not approved by the FDA for use
in the U.S. until 1997. Therefore, the Filshie clip was not included in the CREST study.
Rioux and Yuzpe (1997) described Canadian practitioners as having a very positive
experience with the Filshie clip due to its efficacy, low failure rate, and a high degree of
. reversibility. The difference between the Hulka clip and the Filshie clip is that the Filshe
clip has jaws of titanium lined by a cushion of silicone rubber. The Hulka clip has
interlocking teeth made of plastic. Since the silicone rubber on the Filshie clip is soft,
adjustment of the application site causes no tubal injury or bleeding. The Hulka clip may
cause injury and some bleeding from the tube when repositioned.

The last surgical method to be evaluated by the CREST researchers was the

postpartum partial salpingectomy (Pomeroy technique). This technique is done during
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cesarean delivery or by minilaparotomy. Ligation and excision of a mid-isthmic loop of
the fallopian tube completes sterilization. The CREST study listed this method as being
both safe and the most effective sterilization technique. However, this method was related
to the most post tubal sterilization regret. The regret was attributed to the women
rendering quick decisions about sterilization shortly after delivery. ILBTS was found to
have a lower incidence of regret due to the women taking more time to finalize their
decision to have tubal sterilization.

‘The findings of the CREST study added new and‘ surprising information to the field
of female sterilization. Initially, the first year after sterilization was thought to be when
most failures occurred, however, the CREST data showed that was not true. The
researchers of the CREST study found that cumulative\ failure rates rose steadily through
ten years post-sterilization, and that younger women are at greatest risk of failure
secondary to their many years of potential fertility. Because the CREST study did not
examine exactly how each occlusion method was performed, and the study was
conducted at teaching institutions, caution must be exercised in generalizing the findings.
The surgeons (often residents) at teaching institutions may have been less experienced in
tubal occlusion techniques.

In summary, since 1962 various approaches to tubal ligation have been used.
They are unipolar and bipolar electrocoagulation, Hulka clip, Yoon's Falope ring, Filshie
clip, and Pomeroy technique. All but the Filshie clips were evaluated over a 14-year
period. Each technique has benefits and limitations, and different améunts of

postoperative pain. The relative effectiveness, safety, equipment costs, and ease of



application are some of the important variables to consider when selecting a tubal

occlusion technique.

The Falope ring is the most common occlusive method performed at TAMC
(80%) because it is quick and easy to apply, has one of the lowest failure rates, and
thermal burns to adjacent tissues are avoided (E. Salminen, personal communication,
August 12, 1999). The disadvantages of using the Falope ring are related to the ischemia
and subsequent necrosis that develops following placement. This occlusive technique is
almost impossible to reverse due to fallopian tube necrosis. Also, multiple studies have
found this technique to be the most painful (due to ischemia to the tubes); therefore, it

presents an analgesic challenge.

Pain from Tubal Sterilization

Four types of pain after laparoscopic sterilization have been reported. Subphrenic/
shoulder pain is the first type of pain. This is referred pain, and appears to arise from the
persistence of intraperitoneal carbon dioxide. This irritates the diaphragm and phrenic
nerve, and may persist until the third to fourth postoperative day (Alexander, 1997;
Dobbs et al., 1987; Goldstein et al., 2000; Guard & Wiltshire, 1996). Deep pelvic pain is -
the second type of pain and is attributablé to the use of clips, rings or electrocoagulation
to occlude the fallopian tubes. This pain, though severe, rarely persists for more than six
hours postoperatively ( Alexander, 1997; Chi & Cole, 1979; Davis & Miller, 1988;
Dobbs et al., 1987; Goldstein, 2000; Pelland, 1987). Incisional pain is the third type of
pain, and is caused by trocar insertion into the abdomen. Studies have not addressed it

specifically because it is perceived as being incidental (Cade & Kakulas, 1995;
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Rasanayagam & Harrison, 1996; White, 1997) Spasmodic/cramping pain is the fourth
type of pain, and like deep pelvic pain is attributable to the use of clips, rings, or
electrocoagulation to occlude the fallopian tubes. This pain also has been depicted as
being severe, but rarely persisfs for more than three to four hours (Dobbs et al., 1987:
Edwards et al., 1991; Guard & Wiltshire, 1996). Laparoscopic sterilization represents an
analgesic challenge due to the different sources of pain.

The subphrenic/shoulder pain is best attenuated by the complete aspiration of
carbon dioxide gas before closing the trocar sites (Alexander, 1997; Dobbs et al., 1987;
Guard & Wiltshire, 1996). However, the focus of this review is on abdominal pain (deep
pelvic and spasmodic/cramping types of pain). Drug modalities for this type of pain vary
in regard to the use of opioids, NSAIDs, antispasmodics, and local anesthetics. As
previously stated, many anesthesia researchers. recommend employing a multimodal
analgesia approach in attenuating postoperative laparoscopic sterilization pain
(Alexénder, 1997; Chung et al., 1997; Goldstein, 2000; Kelly et al., 1995; Wittels ét al.,
1998).

Studies have shown that the incidence and severity of pain after laparoscopic
sterilization is reduced with the use of local anesthetics (Ezeh et al, 1995; Goldstein,
2000; Pelland, 1976; Tool, Kammerer-Doak, Nguyen, Cousin, & Charsley, 1997, & Van
EE et al., 1996). Application can be accomplished through the following routes:
installation into the peritoneum, drops applied directly onto the fallopian tubes, or by

direct injection into the mesosalpinx.
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Ezeh et al. (1995) did a randomized, double-blind, placebo-controlled trial to
determine the effectiveness of 2% lignocaine gel versus K-Y gel when applied to Filshie
clips during tubal sterilization. The study consisted of 80 healthy women undergoing
tubal sterilization at a county hospital in the United Kingdom. A 100 mm visual analog
scale (VAS) was used to assess pain at 1 hour postoperatively, time of the first analgesia
medications postoperatively, and discharge.

One of the findings of this study was that postoperative analgesics were
administered more often in the placebo group than in the treatment group. The
investigators found that the pain intensity scores assessed at the time of the first
postoperative analgesia medication and at discharge were similar in both groups.
However, the VAS scores were significantly lower at 1 hour postoperatively for the
lignocaine group. The authors acknoWledged the need for a long acting and potent
anesthetic gel (etidocaine or bupivacaine) to be used instead of a short acting agent, in
order to provide longer pain relief. Unfortunately at the time of the study, etidocaine gel
Waé not available in the UK, and bupivacaine gel was only available in combination with
other additives.

A weakness of this study is that data analysis did not include the actual time of
discharge from the hospital. If the time of discharge was after three to four hours, and the
subjects were having spasmodic/cramping type pain (which usually subsides in three to
four hours), that may be one of the reasons for no significant difference in pain scores at
discharge. Furthermore, if there were any differences in pain scores after discharge, that

data was not captured.
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Guard and Wiltshire (1996) evaluated the contribution of tubal spasm to pelvic
pain following laparoscopic sterilization. This was the only study in the literature that
measured the effects of using an antispasmodic agent (glycopyrrolate) to decrease
postoperative pain and analgesic requirements following laparoscopic sterilizatiqn. This
double-blind, randomized, placebo-controlled study was conducted with 60 outpatients
presenting for laparoscopic sterilization using Filshie clips. Seven subjects were excluded
from the study, leaving 27 in the glycopyrrolate group and 26 in the placebo group. All
subjects were premedicated with diclofenac 100 mg rectally (time of administration was
not indicated). They were then randomly assigned to receive either glycopyrrolate (0.3mg
in 1.5 ml) or saline (1.5 ml).

The results demonstrated a significant reduction (p< 0.01) in pain scores
postoperatively in the glycopyrrolate group. Also, the researchers found a significant
decrease in postoperative morphine administration in the glycopyrrolate group. A
weakness in this study is that the first pain score was evaluated just before the patients
left the recovery ward. By that time, 22% of the glycopyrrolate group and 67% of the
control group had received morphine. There may have been an even greater difference in
pain intensity between the groups at the time of admission to recovery room, and in the
immediate postoperative period. No discharge follow up was conducted, but the
investigators justified this by stating they were targeting spasmodic type of pain, which
usually subsides in three to four hours. |

Rasanayagam and Harrison (1996) looked at the analgesic effect of the
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preoperative oral administration of an opioid (morphine 10 mg) on VAS pain scores after
gynecological laparoscopy. The researchers had been using morphine sulfate tablets
preoperatively for laparoscopic patients, and clinically had the impression that the
patients were more comfortable postoperatively. This study was designed to test their
anecdotal perceptions. Two groups of 56 subjects were in this randomized, prospective,
double-blind, and placebo-controlled study. One group underwent diagnostic laparoscopy
and the other group underwent laparoscopic sterilization. The two groups were divided
into 4 subgroups: laparoscopic sterilization morphine group, laparoscopic sterilization
placebo group, diagnostic laparoscopy morphine group, and diagnostic laparoscopy
placebo group.

The results of the study showed that premedication with morphine 10 mg orally
did not significantly decrease pain in any of the subgroups studied. A plausible
explanation for no difference between the groups may be that the oral morphine sulfate
was administered at the same time as oral naproxen one gram (all groups received the
naproxen). The combination may have delayed gut motility, and hence the bioavailability
of both drugs. The study did show greater pain scores and increased need for analgesics
in the laparoscopic sterilization group as opposed to the diagnostic laparoscopy group.
This is consistent with the results of other duplicate studies comparing these two groups.

The next part of this section will examine two studies on the preemptive
administration of NSAIDs in the laparoscopic tubal sterilization patient. Additional

NSAID studies in this patient population will be covered in subsequent sections.




Brodie and Casper (1985) conducted a double-blind, randomized, placebo-

controlled, study examining the efficacy of the preoperative administration of
indomethacin in reducing the incidence of postoperative pain in patients undergoing
Falope ring tubal occlusion. Sixty-five consecutive patients undergoing elective Falope
ring sterilization, over a six month period, were randomly assigned to one of two groups.
The study group (19 patients after attrition) received a 100 mg indomethacin rectal
suppository immediately after induction. Patients in the control group (33 patients after
attrition) received nothing. Postoperatively all the patients received mepreidine 50 mg
intramuscularly (up to two doses 30 minutes apart). If the patients were still complaining
of pain 30 minutes after the second injection of meperidine, a 100 mg indomethacin
rectal suppository was administered.

The researchers found that none of the 19 study patients required a second
indomethacin suppository, while eight of the 33 control patients. did. The difference
between the groups was statistically significant (using chi square for analysis, p<0.02). A
weakness of this study was that the indomethacin suppositories were administered after
induction, so the tubal occlusions were all performed before peak indomethacin
concentrations were obtained (mean duration of surgery was 17 minutes versus 30 to 60
minutes for peak therapeutic levels). If the suppositories had been given at least one hour
prior to induction, there may have been an even greater reduction in the amount of pain
postoperatively.

Comfort et al. (1992) undertook a similar double-blind, randomized, placebo-

controlled clinical trial on patients undergoing outpatient laparoscopic tubal ligations.
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This study evaluated the effectiveness of naproxen sodium 550 mg oral preemedication in
reducing postoperative pain, analgesic requirements and length of stay. Forty-four
patients completed the study with 21 patients in the naproxen group and 23 in the control
group. The researchers found a statistically significant difference (p<0.05) between
groups in terms of pain score, postoperative opioid requirements, and length of stay (all
lower in the naproxen group). This study had a tighter design compared to Brodie and
Casper's (1985) in that the naproxen was given one hour prior to induction. Naproxen
has a peak plasma concentration of 20-40 minutes.

Van EE et al. (1996) completed a double-blind, randomized, placebo-controlled
study evaluating the effect of the preoperative administration of ketoprofen and
mesosalpinx infiltration, either alone or in combination (multimodal), on the
postoperative recovery of the laparoscopic sterilization patient. The 60 women in the
study were divided into three groups. The first group received oral ketoprofen 100 mg
preoperatively, and mesosalpinx was injected intraoperatively with 5 ml saline plus
epinephrine 1:200,000. The second group received oral ketoprofen, and mesosalpinx was
injected with 5 ml of bupivacaine 0.5% with epinephrine. The last group received a
placebo pill and mesosalpinx was injected with 5 ml of bupivacaine 0.5% with
epinephrine.

The researchers found that the postoperative pain ratings in the group who
received ketoprofen alone were significantly higher (p<.001) than the pain ratings in the
other two groups. Nausea and vomiting were also the highest, as well as longer discharge

times, in this group. Median time to discharge in this group was 385 minutes, with a
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range of 260-510 minutes. This was a significant difference (p< 0.001) from the other
two groups. Combining preoperative ketoprofen and 0.5% bupivacaine mesosalpinx
block resulted in the lowest amount of postoperative analgesic administration, the lowest
incidence of nausea and vomiting, and the shortest times to discharge (median 190
minutes with a range 80-330 minutes).

The researchers concluded that mesosalpinx infiltration with local anesthetic has a
positive effect on the postoperative recovery from laparoscopic sterilization. However,
the multimodal analgesic approach of combining local injection with oral ketoprofen
resulted in better outcomes. A plausible reason for the improved results with the
multimodal approach may be that ketoprofen offered prolonged analgesia after the local
anesthetic had dissipated.

In summary, five prospective, double-blind, randomized, placebo-controlled
studies of women undergoing laparoscopic tubal sterilization were reviewed in this
section. Local anesthetics, antispasmodics, opioids, NSAIDs, and multimodal analgesia
were the drug modalities that were evaluated. All the modalities were effective in
attenuating postoperative abdominal pain following laparoscopic tubal sterilization.

In order to have a stronger design, the current study incorporated some of the
strengths, and avoided the limitations of the studies reviewed above. First, the design was
for the NSAIDs to be administered so that theoretically peak concentrations were
obtained prior to induction. Second, a standardized anesthetic as well as surgical
procedure was incorporated. Third, data collection times were from fifteen minutes after

surgery to bedtime, in order to capture most of the changes that occur with pain intensity
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following laparoscopic tubal sterilization. Fourth, the design included qualitative analysis
of the type and location of pain experienced by the study participants. Last, the
multimodal approach of combining the preemptive administration of an NSAID, opioids
for induction and as rescue analgesia, and application of a long acting local anesthetic

(bupivicaine) to the fallopian tubes was adopted.

Preemptive Analgesia

On a physiological basis, pain itself can be described as the unpleasant sensation
that is derived from stimuli to a series of nociceptive receptors throughout the body
(Reisine & Pasternak, 1996). Garrett and McShane (1999) described pain as being a
complex psychologic as well as physiologic reaction to potential or actual tissue damage.
In other words, pain is a dynamic event modified by experience, culture, and emotions. It
is not just a physiologic event. Only the physiologic process will be discussed in this
review.

The physiologic process starts with acute tissue disruption and/or nerve injury
(this happens with laryngoscopy), which eventually leads to stimulation of both the
peripheral and central nervous systems (Lubenow, Ivankovich & McCarthy, 1997).
Peripheral sensitization is the term given to the following series of events. Tissue trauma
activates free pain nerve endings called pdméry afferent nociceptors. Once activated,
nociceptors transmit their signals to the spinal cord by A-delta fibers and C fibers.
Stimulation of nociceptors causes the release of potassium ions as well as a variety of
chemical mediators (prostaglandins, bradykinin, histamine, serotonin, substance P, and

cytokines). These substances sensitize the primary afferent nocieptors in the periphery.
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This sensitization effects.the primary afferent nociceptors in the following way: (a)
decreased threshold for stimulation, (b) activation of nociceptors that were not previously
responsive to the stimuli, and (c) increased transmission to the spinal neurons, also called
second order neurons (Garrett & Mcshane, 1999; Goodwin, 1998).

Central sensitization is the result of an increase in the excitability of second order
neurons, which is triggered by and outlasts primary afferent nociceptive input. Primary
afferents synapse with second order neurons in the dorsal horn of the spinal cord, and
release excitatory amino acids, substance P, and glutamate. Increased input into the
dorsal horn due to peripheral sensitization causes changes in the second order neurons.
These changes are: (a) primary hyperalgesia, which is an exaggerated response to
noxious stimuli; (b) allodynia, which is a reduction in the intensity of stimuli necessary to
initiate pain so that stimuli that would never normally produce pain begin to do so; and
(c) secondary hyperalgesia, which is the spread of hypersensitivity to noninjured tissue
(Woolf & Chong, 1993).

The combination of peripheral and central sensitization result in a phenomenon
called hypersensitivity/hyperalgesia (wind-up). Glutamate and the excitatory amino acids
bombard the second order neurons until eventually NMDA glutamate receptors are
stimulated. Activation of the NMDA receptors contributes substantially to the persistent
nociception and hyperalgesia, even after acute tissue trauma has ended in the periphery.
Once this hyperalgesia is propagated, it is very difficult to stop (Garrett & McShane,

1999; Goodwin, 1998; Woolf & Chong, 1993).
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One strategy for preventing hypersensitivity postoperatively is to prevent or
minimize the activation of second order neurons (which can happen with high level
nociception in the periphery), by pharmacologic blockade, before the stimulation occurs
(taryngoscopy is considered to be even more stimulating then surgical incision). This
theory is known as preemptive analgesia (Woolf & Chong, 1993).

In 1913, George Crile introduced the idea that post-surgical pain could be
prevented (preempted) by hindering the flow of painful stimuli to the brain (Penning,
1996). Although Crile advocated this technique many years ago, it fell out of favor until
its revival in the early 1980's. The resurgence of this theory came about with a series of
experimental studies conducted by Woolf (1983) and Wall (1988). To date much of the
research has been inconclusive as to the effectiveness of varying the timing of preemptive
analgesia. However, there does seem to be consensus that Crile’s original hypothesis of
peripheral desensitization can affect the amount of stimuli sent to the central nervous
system.

While Crile originally practiced regional blockade in combination with general
anesthesia, it is evident that there are other mechanisms available to block hyperalgesia
(Kissin, 1996). Controversy exists in the literature concerning the route of administration,
as well as the optimal combination of drugs. Also open to debate, is whether
hypersensitivity can best be prevented by blocking peripherally or centrally, before or
after surgery, or combinations of the two. An overview of some of the drugs, techniques,
and mechgnism of action currently used for preemptive analgesia is discussed in the

following section.
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NMDA Receptor Antagonists

Ketamine has been shown to block (non-competitively) the NMDA receptors by
binding to the PCP recognition site in the NMDA receptor channel. Abdel-Ghaffar,
Abdulatif, Al-Ghamdi, Mowafi, and Anwar (1998) studied in a prospective, randomized,
double-blind, placebo-controlled design, the analgesic effect of epidural ketamine on
postoperative pain and epidural PCA consumption after total abdominal hysterectomy.
Sixty-one women aged 34-60 years were randomly assigned. into three groups. Group
One received 30 mg of epidural ketamine prior to induction. Group Two received 30 mg
of epidural ketamine 20 minutes after skin incision. Group Three received a placebo.
Analgesia was maintained postoperatively by epidural PCA with a mixture of
bupivacaine and fentanyl.

The results of the study showed that epidural ketamine prolonged the time to first
analgesia request, and reduced postoperative epidural PCA consumption. This effect
happened whether ketamine was given before induction or after skin incision. The
researchers could not demonstrate any differences in pain scores or PCA analgesic
consumption between Group One and Group Two. Power analysis indicated that a larger
study (116 subjects in each group) was required to demonstrate a difference in PCA
consumption between Groups one and Two.

A possible reason for no difference between Groups One and Two other than the
small sample size might be similar to the findings of a 1991 animal experiment. Woolf
and Thompson (1991) conducted a study using rats and found that NMDA antagonists

not only prevent wind up, but also reduce wind up once it is established. The question is,
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can animal research be transferred over to humans? The researchers conducting this study
choose the epidural route for the administration of ketamine in order to avoid
psychotomimetic side effects (high concentration of ketamine at the spine segments with
minimal systemic effects). None of the patients in the study experienced hallucinations.
Dextromethorphan is another noncompetitive antagonist at the NMDA receptor.
Henerson, Withington, Wilson, and Morrison (1999) examined the effect of
dextromethorphan on postoperative pain by assessing the effect on both analgesic
requirements and pain scoring after abdominal hysterectomy. Fifty women aged 30-60
years were recruited for this double-blind, randomized, placebo-controlled clinical trial.
The subjects were randomly assigned to two groups. The first group (Group DM)
received oral dextromethorphan 40 mg 90 minutes prior to surgery, 40 mg on the evening
after surgery, and then 40 mg three times per day for the next two days. The second
group (Group P) was given placebo capsules (lactose) at identical times. Morphine PCA
was used for the first 24 hours postoperatively, and replaced with oral analgesia afier that.
Analysis was completed on 24 patients in Group DM, and 23 patients in Group P.
Median VAS pain scores at rest were lower in Group DM at all time points, reaching
statistical difference at 48 hours and 72 hours. Also, the sum of all resting pain scores
over the first three days was significantly lower in Group DM. In the first 24 hours, the
mean amount of PCA morphine used was greater in Group P, but this did not reach
statistical significance. None of the patients in this study experienced psychotomimetic

side effects. The results of this study, and the one above, demonstrate that the addition of
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an NMDA receptor antagonist to the multimodal analgesia armamentarium holds

promise.
NSAIDs

O'Hanlon, Muldoon, Lowry, & McCleane (1996) in a prospective, placebo-
controlled study, compared the effects of 20 mg of piroxicam given at different times in
the perioperative period on postoperative analgesic requirements. Sixty women
presenting for inpatient gynecological laparoscopic surgery were given either 20 mg
piroxicam or an oral placebo two hours preoperatively, immediately before induction of
anesthesia or one hour postoperatively in a randomized double-blind manner.

The results of the study showed a significant reduction (p< 0.04) in total
postoperative analgesic requirements for gynecologic laparoscopy patients, as well as a
significant delayed onset (p< 0.05) of post-surgical pain with the use of piroxicam
preoperatively. The patients in Group I who received 20 mg of piroxicam two hours
preoperatively requested less analgesia and had a longer time to first analgesic request
than patients given piroxicam prior to induction or postoperatively.

The investigators did not study patients undergoing tubal sterilization. Pain following
laparoscopic tubal sterilization has been shown to be greater then pain following
diagnostic laparoscopy. There are several limitations that impact on the findings of this
study. First is the lack of a definition for the types of gynecological procedures that the
women underwent. Next is the lack of reported data on the dispersal of the procedures
between the groups. There are many different types of laparoscopic gynecological

procedures, and the pain experienced postoperatively can vary widely. More studies
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involving ibuprofen and ketorolac (the two NSAIDs used in this study) will be reviewed

later in this chapter.
Local Anesthetics

Wheatley, Miller, and Jadad (1994) found a reduction in pain after laparoscopic
sterilization when 10 ml of 0.5% bupivacaine was dripped on the fallopian tubes prior to
occlusion. Sixty women presenting for same day laparoscopic sterilization were in this
randomized, double-blind, placebo- controlled trial. Time to first postoperative analgesia,
and pain levels (VAS) at 1 hour, and at discharge, and at time of first analgesia were
measured. Group S received 10 ml of 0.9% normal saline, and Group B received 10 ml of
0.5% bupivacaine.

The results of this study showed that Group B 's time to first analgesia was
significantly longer (p= 0.03), and had lower VAS scores (p=0.04) at the one hour
assessment. By the time of discharge, there was no difference between the groups. A
weakness of this study is observer bias, which is a threat to external validity. The
postoperative pain medication in this study design was administered not only according
to the severity of the pain assessed by categorical verbal pain scale, but also if the
recovery nurses thought that the patient looked uncomfortable. Another limitation to this
study is the lack of data on the type of occlusion technique or techniques applied to the
fallopian tubes. As previously stated there is varying amounts of pain between the
different occlusive techniques. |

Goldstein et al. (2000) tested the hypothesis that postoperative pain at wake-up

and during the first 24 hours following laparoscopic gynecologic procedures is prevented
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by the instillation of local anesthetics at the end of surgery. One hundred eighty women
were randomly assigned to three groups in this prospective, double-blind, placebo-
controlled study. Each group received a 20 ml intraperitoneal instillation of either
bupivacaine 0.5% (Group B), ropivacaine 0.75% (Group R), or saline (Group S). The
standard postoperative analgesia regimen, in the hospital where this study took place,
included the administration of acetaminophen, NSAIDs, and morphine. An infusion of
propacetamol (2 g) and ketoprofen (100 mg) was started 30 to 60 minutes before
completion of surgery, and was repeated every six hours for the first 24 hours
postoperatively.

Using a ten point numeric scale (NS), the nurses in the PACU assessed the level
of pain every five minutes. Intravenous morphine (2 mg) was administered if the NS
score was greater than four, and repeated every five minutes until a score of four or less
was obtained. Assessment of pain was continued every four hours for the next 24 hours.
Morphine consumption at wakeup and during the first 24 hours was selected as the two
efficacy variables to determine if thefe was difference in postoperative pain.

The researchers found that morphine consumption at wakeup and during the first
24 hours postoperatively was significantly smaller in Groups B and R compared to Group
S. Also, morphine consumption was significantly less in Group R compared to Group B.
The researchers concluded that local anesthetics should be instilled, at the end of surgery,
in all patients undergoing laparoscopic procedures. They stated that the best choice is

ropivacaine because it is highly efficacious and has a large safety margin.
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Limitations of this study include not standardizing the anesthetic, or surgical
procedure; not doing an ANOVA on the pain scores (only morphine consumption was
analyzed); and generalizing the findings to all laparoscopic procedures (only women
undergoing laparoscopic gynecologic procedures were in this study).

Opioids

Opioids, which have been used as analgesics for centuries, are the most
commonly used drugs in the treatment of postoperative pain. Recently, opioids have been
used preemptively (Rasanayagam & Harrison, 1996) but with mixed results. A number of
studies have examined the combination of opioids and local anesthetics administered
epidurally. Although the results of this multimodal approach have been inconclusive and
contradictory, there seems to be effective pain control after surgery (Kehlet & Dahl,
1993).

Cabell (2000) investigated whether ketorolac could produce a preemptive
analgesic effect in patients undergoing ambulatory laparoscopic gynecologic surgery.
Fifty-one women were randomly assigned to one of two treatment groups. Group I
(n=25) received intravenous ketorolac (30 mg) upon entrance to the operating room, and
intravenous saline at the end of surgery. Conversely, Group II (n=24) received
intravenous saline upon entrance to the operating room, and intravenous ketorolac at the
end of surgery. Pain intensity in the hospital was measured with a mechanical visual
analogue scale (M-VAS), or another name is slide algometer. The researcher or recovery
room nurses collected data on admission to the PACU and every 15 minutes for four

times, and then every 30 minutes for two times or up to discharge (whichever occurred
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first). Twenty-four hours after surgery the patients used a 15 cm VAS to determine their
level of pain.

The results of this prospective, randomized, double-blind, placebo-controlled
clinical trial showed that patients given ketorolac at the conclusion of surgery (Group II)
had significantly lower M-V AS scores. Fentanyl administration (either perioperative or
postoperative) was not statistically different between the two groups. However,
postoperative fentanyl use, in the PACU, approached a level of significance (p =.101).
Group I, who received the preemptive medication, had a higher consumption of fentanyl.
Also, postoperative oral analgesic use was not statistically significant.

This clinical trial had several limitations due to flaws in the study design.
Administering the preemptive ketorolac upon entrance to the operating room did not
allow for peak therapeutic levels to be achieved prior to induction or incision. Another
limitation was the use of the M-VAS. The initial pain level at times was difficult to
obtain from sleepy patients who were recovering from anesthesia. There was a lot of
variability in the patient’s ability to use the slide algometer, because this tool is
completely dependent on alertness. Last, the surgical population underwent multiple
laparoscopic gynecolo‘gic procedures. Pain characteristics to include type, location,
intensity, and duration, can widely vary between the different procedures.

To summarize, six double-blind, randomized, placebo-controlled studies were
evaluated in this section. Two NMDA receptor antagonists studies, two local anesthetic
studies, and two NSAID studies were reviewed. The clinical investigators of the studies

found that preemptive analgesia works in attenuating postoperative pain (regardless of
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the dfug modality used). However, there does not seem to be any universal answers about
the timing or type of agents that are most effective. According to Goodwin (1998), the
optimal way to preempt the establishment of pain hypersensitivity may be to apply
treatment preoperatively, intraoperatively, and postoperatively.

Further studies need to be conducted in order to examine the timing, and optimal
combination of drug administration. Also, further studies need to be conducted to see
what drug modalities will yield the best results, as well as have the fewest side effects,
and be the most cost-effective. The next two sections will focus on the use of ketorolac
and ibuprofeﬁ as preemptive analgesics, since they are the two drugs that were compared
in this study.

Ketorolac
Ketorolac tromethamine (Toradol) is a NSAID with potent analgesic and

moderate anti-inflammatory properties. It is indicated for short-term analgesia because of
its pharmacologic profile. Ketorolac's onset of action is about ten minutes after
intravenous administration, with peak plasma levels reached in about 50 minutes after a
single 30 mg dose. The analgesic effect of ketorolac begins in 30 minutes, and maximum
analgesic effect occurs in one to two hours. The duration of analgesia for ketorolac is
usually four to six hours (Toradol® package insert, 1997).

Ketorolac was first marketed in the United States in March 1990, and was the first
NSAID approved in the United States for intramuscular use (Strom, Berlin, & Kinman,
1996). The Food and Drug Administration (FDA) approved ketorolac in 1995 for

intravenous use.
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All NSAIDs (ketorolac included) work peripherally by reducing prostaglandin
synthesis through the inhibition of the enzyme cyclo-oxygenase which is necessary for
the conversion of arachidonic acid to prostaglandins (Fiedler, 1997). Prostaglandins are
believed to increase the sensation of pain either by peripheral nerve ending sensitization,
or by acting synergistically with other chemical mediators of pain. The following recent
research studies on the use of ketorolac in the laparoscopic tubal ligation patient will be
examined.

The study by Higgins et al. (1994) looked at the analgesic efficacy of a single dose of
ketorolac or ibuprofen when given preoperatively in laparoscopic tubal ligation patients.
Fifty women were randomized to receive either ketorolac 60 mg intravenously, ibuprofen
800 mg orally, or placebo. This double-blind, randomized, placebo-controlled study lends
support to the proposed research with the researcher's physiological and pharmacological
framework. Manipulation of fallopian tubes is thought to induce pain similar to
dysmenorrhea, with the latter being associated with increased peritoneal prostaglandins.
The ensuing pain can be effectively treated with NSAIDs, and so may be useful
analgesics following tubal procedures. In addition, the preemptive use of NSAIDs may
inhibit prostaglandin synthesis before tissue injury from surgery, thus preventing the
nociceptive impulses.

The results of this study failed to demonstrate a significant reduction in postoperative
pain, analgesic requirements, incidence of vomiting, or length of hospitalization after the
single preoperative administration of ibuprofen or ketorolac. However, there were several

flaws in the design of this study. First, the anesthetic was not standardized, patients either
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received succinylcholine or vecuronium for tracheal intubation. Succinylcholine is known
to cause muscle aches postoperatively due to the fasciculations that can occur after
administration. Second, the surgical technique was not standardized, either Falope ﬁngs
or chromic endoloops were used. Third, an oral gastric tube was inserted, and the
stomach was decompressed immediately after the surgical procedure, meaning some of
the oral ibuprofen may have been removed from the gut. Fourth, the administration of the
oral ibuprofen was only 30 minutes prior to incision, which did not allow for the drug to
peak prior to incision. Last, a post hoc power analysis revealed that at least 20 subjects
per group was needed in order to determine a significant difference in VAS scores.

Cade and Kakulas (1995) compared ketorolac 30 mg IM to meperidine 100 mg IM,
both given intraoperatively to women undergoing laparoscopic sterilization. Both drugs
were given after induction in a randomized, double-blind fashion to sixty subjects. While
both drugs had comparable analgesic effects in the immediate postoperative period,
ketorolac had significantly better results approximately 4 hours after surgery. The
ketorolac group members had significantly lower pain scores (p=0.006), required less
time to awake (p=0.01), ambulated sooner (p=0.0005), were discharged sooner (p=0.02),
and had fewer unplanned admissions (p=0.01).

The researchers concluded that ketorolac served as a useful supplement for
analgesia following laparoscopic sterilization. There were two main weaknesses in this
study’s design. The study drugs were given after induction; meaning that the drugs did
not have time to peak prior to incision, and the study lacked information on the type/types

of tubal occlusion used.
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Ketorolac Side Effects

Ketorolac has been recognized as a potent NSAID for relief of moderate to severe
pain. However, it has been associated with a number of unfavorable side effects. The
following will reveal some of the affiliated risks and clinical considerations when using
ketorolac.

Strom et al. (1996) conducted a retrospective cohort study that used data from the
records of 9900 patients. The researchers examined the effects of ketorolac on
gastrointestinal bleeding and operative site bleeding. The latter aspect of this study also
considered the suppression of platelet function resulting from ketorolac’s inhibition of
prostaglandins. They concluded there is an increased risk of gastrointestinal bleeding and
operative site bleeding with higher doses of ketorolac in the elderly, and when used for
more than 5 days. Avoiding these increased risk areas should improve the risk-benefit
balance when giving ketorolac to patients (Strom et al., 1996). |

Hennessy and Kinman (1997) reviewed 10,272 courses of ketorolac therapy and
10,247 courses of parenteral opioid therapy. They examined the data looking for possible
hepatotoxic effects related to ketorolac use. The study was unable to isolate supporting
evidence of hepatotoxic effects related to ketorolac administration. The researchers
concluded that short-term ketorolac use was not associated with liver injury.

Feldman et al. (1997) also conducted a retrospective cohort study that assessed the
risk for acute renal failure with the use of ketorolac. Prostaglandin inhibition by ketorolac
circumvents the vasodilatory effects on renal arteries, and could theoretically decrease

renal perfusion. Data was collected for 21 months on patients who received parenteral



ketorolac (with or without concomitant opioid use) or opioids only. The operational

definition for acute renal failure was a serum creatinine that was greater than baseline by
50% plus an absolute increase relative to the baseline concentration. Also, a secondary
definition (along with the laboratory data) was documentation of acute renal failure in
the hospital chart.

The experimental group was comprised of 9850 subjects while the control group had
10145 subjects. They noted that the events of acute renal failure occurred later for the
ketorolac group as compared to the opioid group. Their analysis suggested that prolonged
administration of ketorolac (more than 5 days) may be associated with higher occurrence
of acute renal failure if the patient had any of the identified predisposing conditions
(congestive heart failure, chronic renal disease, cirrhosis, and uncontrolled hypertension).
They concluded that ketorolac was as safe for patients as opioid narcotics if administered
for short-term therapy (less than five days). For the purpose of this study, we excluded
subjects who presented with congestive heart failure, acute renal failure, chronic renal
disease, cirrhosis, or uncontrolled hypertension.

In summary, the treatment of postoperative pain by the preemptive administration of
NSAID's has received increased interest in recent years. Ketorolac has been examined in
numerous clinical trials due primarily to its opioid-sparing effects and availability in
pérenteral formation. However, ketorolac is not without its own set of adverse side
effects, and must be used very judiciously or altogether avoided in certain patient

populations. The preceding studies have elicited varied results pertaining to ketorolac’s



appropriate application and efficaciousness. However, since its approval by the FDA for -

intravenous use, it has become a favored analgesic among healthcare providers.
Ibuprofen

Ibuprofen is a NSAID that is widely used due to its excellent analgesic and
antipyretic effects as well as the relatively low number of side effects. It is used in the
treatment of primary dysmenorrhea, arthritis, migraines, and muscle and tendon injuries.
Also, it is commonly used for prophylactic pain relief before certain procedures (Burke,
1996).

Ibuprofen (when administered orally) has an onset of action in 30-60 minutes,
duration of action is four-six hours, and time to peak serum concentration is within one to
two hours (Donnelly, Cunningham, & Baughman, 1998). Ibuprofen was developed in the
1960's, and has been used as a prescription drug since 1967 in Great Britain, and since
1974 in the United States. The FDA approved ibuprofen for nonprescriptive use in adults
in 1984, and in children in 1989 (Davies, 1998).

Ibuprofen (like kétorolac) is a potent inhibitor of prostaglandin synthesis, and the
mechanism of action of ibuprofen is the same as ketorolac in that it inhibits central and
peripheral prostaglandin synthesis (Kepp, Sidelmann, & Hansen, 1997). This mechanism
of action blocks the cyclooxygenase pathway in the arachadonic acid cascade. Blocking
cyclooxygenase results in both analgesic and anti-inflammatory effects.

Side effects of ibuprofen are few, but include gastrointestinal distress, prolonged
clotting time, headache, and dermatological reactions. Ibuprofen should be used with

caution in patients with cardiac, hepatic, or renal dysfunction, and in patients taking
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coumadin, methotrexate, furosemside, thiazide diuretics, or lithium. Ibuprofen is
contraindicated in the third trimester of pregnancy because it may delay parturition,
promote postpartum bleeding, and promote early closure of the ductus arteriosis 1n the
fetus (Burke, 1996). There are many studies in the literature on ibuprofen, but not all of
the studies are relevant to the tubal ligation patient, or to the theory of preemptive
analgesia. The following is a review of ibuprofen in the literature, which is pertinent to
the tubal ligation patient.

Ibuprofen has been shown to be effective in the treatment of primary
dysmenorrhea. The postoperative pain accompanying a bilateral tubal ligation has been
likened to dysmcnorrhea. Therefore, treatment of this type of postoperative pain with
ibuprofen logically follows. Pedron, Gonzales-Unzaga, and Medina (1998) did a six
month long prospective study to assess the effectiveness of prophylactic ibuprofen in the
treatment of severe and disabling dysmenorrhea refractory to previous treatment. Fifteen
subjects began to take ibuprofen 400 mg every eight hours, 24 hours prior to the onset of
menses, and continued during four days of rﬁenstmation for six consecutive cycles.

The results showed a statistically significant progressive decrease in the pain réting
during the duration of the treatment. The authors concluded that ibuprofen is an effective
treatment for selected women with severe and disabling dysmenorrhea. The
generalizability of this study is limited becaﬁse the women included in the study were
limited to those who were sexually inactive and had regular menstrual periods along with

severe, disabling dysmenorrhea. A threat to the external validity of this study is the
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Hawthorne effect, especially since there was no control group. The subjects may have
had progressive decreases in the amount of pain just from being followed for six months. |

Multiple studies have been conducted in the use of ibuprofen as a postoperative
analgesic for various types of surgeries, including bilateral tubal ligation, and other
abdominal gynecological surgical procedures. The following two studies were conducted
to examine ibuprofen’s efficacy in patients undergoing surgical procedures.

Sunshine, Olson, O’Neil, Ramos, and Doyle, (1997) conducted a study comparing
the effectiveness of ibuprofen in #ombination with hydrocodone as cofnpared to plain
ibuprofen. This study looked at the treatment of acute postoperative pain after cesarean
section or gynecological surgery in a hospital in Puerto Rico. One hundred and twenty
patients were randomly assigned to receive one of three treatments; 15 fng hydrocodone
bitartrate wifh 400 mg ibuprofen, 400 mg ibuprofen, or placebo.

The investigators found in tﬁis double blind, parallel-group clinical trial the addition
of 15 mg of hydrocodone to ibuprofen 400 mg provides significantly mére analgesia than
400 mg ibuprofen alone. Including a placebo group in this study’s design raises some
ethical concern, because the subjects in the placebo group did not receive anything for
pain. In this study, if the subjects requested additional pain medication they were dropped
from the study, and then their last observed pain intensity difference score was carried
forward for all time measurements subsequent to their re-medication.

Thirty-two of the placebo patients (82%) and ten (25%) from the ibuprofen alone
group were remedicated. None of the patients treated with the hydrocodone/ibuprofen

group needed remedication. One subject out of the 120 dropped from the study after
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receiving the (placebo) study drug. This study would not be reproducible in most
institutions due to strict protection of human subjects. Most internal review boards would
not allow a study to be conducted if a group of subjects would not be receiving pain
medication postoperatively. This study was valuable in that the researchers did find that
the addition of hydrocodone to ibuprofen was more efficacious in decreasing
postoperative pain then ibuprofen alone.

Mixter, Meeker, and Gavin (1998) conducted a study with 70 subjects (18 to 83
years old) undergoing laparoscopic transperitoneal inguinal herniorrhaphy under general
gnesthesia. In this double blind, prospective, randomized study ibuprofen was compared
to ketorolac. Group One received a placebo capsule one hour before surgery and
ketorolac, 60 mg intravenously, at the time of trocar insertion. Group Two received
ibuprofen, 800 mg an hour before surgery, and normal saline, 2 ml intravenously, at the
tiﬁle of trocar insertion. The pain management in this study included the administration of
ibuprofen every six hours postoperatively even in the absence of pain.

The authors found that ibuprofen was as effective as ketorolac in reducing the
amount of narcotic administered in the PACU. Also, there was no significant difference
in the level of pain experienced at the time of discharge, at 18 hours, and at 24 hours

_postoperatively. The study design had the following limitations: The anesthetic was not
standardized. There was no control group, and the administration of ketorolac occurred
after the trocar insertion. The authors justified not having a control group, because they

felt it would be wrong not to give the patients one of the nonsteriodal drugs. They stated
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that it would be very hard to have a placebo control group in their‘study, because they
had such a successful program using NSAIDs preemptively in their clinic.

In summary, of the three studies examined in this section on ibuprofen, two did
not have placebo-control groups (one because of ethics).' In the one study that had a
placebo-control group, the patients were dropped if they requested rescue pain
medication. Ibuprofen was found to be effective in decreasing dysmenbrrhea, and in the
study by Mixter et al. (1998) ibuprofen was shown to be as effective as ketorolac in

decreasing postoperative pain.
Conclusion

Over an extended period of time ibuprofen and ketorolac studies have shown both
NSAIDs to be efficacious in the treatment of pain and inflammation produced by disease
processes, injuries, and surgical procedures. Ibuprofen has been proven to decrease the
amount of pain associated with primary dysmenorrhea. The postoperative pain of
bilateral tubal ligation has been compared to that of dysmenorrhea. So it logically follows
that ibuprofen or ketorolac would be a good analgesic choice in the treatment of
postoperative pain after bilateral tubal ligation. The literature is varied on which of the
NSAIDs is more effective when administered preemptively. Mixter et al. (1998) found
ibuprofen and ketorolac to be equally effective. Conversely, Higgins et al. (1994) found
the opposite to be true (neither drug was effective).

Flaws in study design accounted for the majority of variability in the results found
during this literature review. Limitations in the studies included: Administering the

NSAIDs in a fashion that peak therapeutic levels were not achieved prior to induction or
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incision. Often anesthetics and surgical procedures were not standardized. Data collection
sometimes did not start until the patients were leaving the PACU, and did not continue
once the patients were discharged home. Analysis of pain location, and in a few of the
studies, intensity was not carried out. The current study incorporated somé of the
strengths and avoided some of the limitations found in the literature in order to have a
strong, tightly controlled study design. This study investigated and compared the
effectiveness of the pre-emptive use of ibuprofen and ketorolac on postoperative pain,

opioid usage, and elapsed time until first rescue administration following ILBTS.




CHAPTER III

Methodology
This was a prospective, double-blind, randomized, clinical trial comparing the
difference between the NSAIDs ketorolac and ibuprofen in preempting postoperative
pain in patients presenting for ILBTS. This chapter describes the population, sample,
setting, instrumentation, study design, procedure for data collection and analysis, and

protection of human subjects.

" Population, Sample, and Setting

The sample population was derived from female patients electing to undergo
ILBTS. The setting was Tripler Army Medical Center (TAMC), a 256 bed regional
medical center, with thirteen surgical suites, located on the island of Oahu in the State of
Hawaii. TAMC provides all major surgical services (including gynecological) for
members of all branches of the United States military (Army, Air Force, Navy, Marine, &
Coast Guard). This includes () active duty military and their dependent family members,
(b) military retirees and their dependent family members, and (c) Veteran's Affairs (VA)
eligible patients. In addition, TAMC provides referral services to all other military
facilities in the Pacific region. Lastly, TAMC is a teaching facility that provides

residency training in a variety of surgical specialties, to include obstetrics and

gynecology.

Subjects were screened and a convenience sample consisting of those meeting the
inclusion criteria and not exclusion criteria were invited to participate in the study.

Inclusion criteria consisted of (a) women of at least 18 years of age presenting for

48
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elective ILBTS from Novefnber 3, 1999 to June 30, 2000. (b) American Society of
Anesthesiologists (ASA) category I or II, and (c) at least six weeks postpartum.
| Exclusion criteria (Appendix B) was based on the associated co-morbidities for -

both ketorolac and ibuprofen. Prospective patients were excluded for the following
reasons if either noted during their history and ph_ysical exam or during the preoperative
anesthesia interview: (a) a history of allergy to NSAIDS or aspirin, (b) a history of péptic
_ ulcer disease or asthma, (c) a history of bleeding abnormalities or current use of
anticoagulant or anti-platevlet drugs, (d) a history of renal or hepatic dysfunction, (€) a
history of psychiatric illness or substance abuse, (f) subjects who had taken aspirin in the

past ten days or NSAIDs in the past eight hours, (g) non-English speaking subjects, (h) a
reported body v;/eight of less than 50 kg (related to the manufacturer’s recommended
dosing), and (i) a clinical indication for using succinylcholine with inducﬁon or
placement of an oral gastric tube for stomach decompression.

A minimum sample size of 20 subjects per group was used based on a post hoc
power analysis of the study by Higgens et al.(1994) using SamplePower v1.2 (SPSS,
Inc.). The main effect of drug differences observed between ketorolac and ibuprofen
yielded a medium effect size of 0.25 and a power of greater than 0.80 with 20 subjects
per group.

The study subjects were randomly assigned to