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CHAPTER 1

BACKGROUND AND RATIONALE

Osteoarthritis of the knee is one of the most common orthopedics diseases. Since
aging is the major cause of osteoarthritis, as the life span of human nature is expanding,

osteoarthritis of the knee is becoming a growing problem in human nature (7).

There are many modalities of treatment for osteoarthritis of the knee including
medication, physical therapy and finally operative treatment when conservative treatments
fail. Among operative treatments for knee osteoarthritis, knee arthroplasty is the most
common surgery performed when severe joint destruction has occurred. Patients who
undergo knee arthroplasty usually: improve their knee function and reduce their pain
dramatically afterward. As knee arthroplasty is an extensive operation, patients always

suffer from postoperative pain especially in the first few days.

Opioids are used as a standard medication for management of early postoperative
pain because of high efficacy. Morphine is the most commonly used opioid (2) which route
and schedule of administration may vary depending on facility of the hospital. Intramuscular
injection is the easiest and the most common.-method of morphine administration; however
there are proven studies showing that intravenous administration using Patient-Controlled
Analgesia (PCA) method is superior to intramuscular injection.in controlling postoperative
pain. Unfortunately the PCA machine is not widely available in our country due to its
prohibitive cost. Furthermore, the total amount of morphine consumption through PCA is
possibly more than intramuscular administration(3) so it may possibly lead to more adverse

effects especially in elderly patients.



Gabapentin was introduced in the late 1980s as an anticonvulsant (4, 5). It is widely
used for the treatment of chronic pain and successfully reduces neuropathic pain (6-
8).Recently there have been studies using gabapentin for postoperative pain control which
show that it effectively reduces pain and morphine consumption in the postoperative period
of breast surgery (9, 70). To our knowledge, there is no study about gabapentin for

postoperative pain reduction following orthopedic surgery.



CHAPTER 2

LITERATURE REVIEW

Total knee arthroplasty is an effective treatment for osteoarthritis of the knee when
conservative treatments fail. The result of the operation is quite effective, most patients
dramatically improve their knee function and reduce their pain afterward. Patients who
undergo total knee arthroplasty suffer postoperative pain especially in the first couple of
days. Pain prevents the patient from early mobilization which may ultimately lead to

postoperative complications such as deep vein thrombosis or pulmonary complications.

As in other major operations, administration of opioid agents is frequently used in
management of postoperative pain-following total knee arthroplasty. Morphine is the most
commonly used opioid (2) and is generally administered either intramuscular or by the
intravenous route. Morphine administration intravenously using the Patient Control Analgesia
(PCA) method has shown its effectiveness in controlling postoperative pain with high
patient’s satisfaction. However usage of morphine can possibly lead to adverse effects such

as somnolence, nausea, and vomiting especially in elderly patients.

There have been studies concerning methods of postoperative-pain relief including
intravenous morphineusing the PCA method (3, 77), spinal morphine injection (712),
epidural morphine injection (77, 13, 14), locoregional nerve block (15-18), local injection of
anesthetic agents (79, 20), and the usage of cold compression (27-23). These methods
successfully control postoperative pain but some need special equipment, some produce

systemic side effects, and some yield inconsistent results.



Gabapentin, a Y-aminobutyric acid (GABA) analogue, is used clinically as an
anticonvulsant drug(4, 5). It was first launched onto the market in the late 1980s. This
medication is widely used as alternative drug for epileptic patients since it contains low

adverse effects and is well tolerated even in aging patients.
Pharmacokinetics of gabapentin(24)

Gabapentin is well absorbed after oral administration. Serum concentration will
reach its peak level within 2-3 hours after administration with half-life is about 5-9 hours.
Gabapentin is not metabolized in human beings, it will be excreted unchanged in urine by
glomerular filtration. Adverse effects of gabapentin are dose-dependent; with the usual
dosage, symptoms are usually mild to moderate in degree. Common adverse effects of this
agent include dizziness (17%), somnolence (19%), ataxia (12%), blurred vision (5%), and
headache (4%) originating from its central action. Other adverse effects that have been
reported include peripheral edema, weight gain, and hypertension. There has been one
report of serious side effect, coma, after the usage of gabapentin in a patient who had renal
insufficiency and was hemodialysis-dependent (25), the recovery required Flumazenil and
hemodialysis. To minimize the adverse effects of gabapentin, the recommended starting

dose is 300 mg daily, and the dosage is then gradually increased (24).

As in other anticonvulsant drugs, gabapentin is also used in the management of
chronic pain and neuropathic pain syndrome (6-8). There have been at least two large
randomized controlled-trials, reported in 1998, concerning gabapentin in the treatment of
neuropathic pain syndrome - one for diabetic neuropathy pain (26) and another one for
postherpetic neuralgia (27). The results from both studies showed that gabapentin was an
effective agent for pain control, reduced sleep interference associated with diabetic
peripheral neuropathy, decreased postherpetic neuralgia and also improved the mood and

quality of life of the patients.

The actual mechanism of action of gabapentin is still uncertain; however increasing

GABA concentration, reduction of glutamate, binding of gabapentin to a gabapentin-



specific binding site which was later identified as the (126 subunit of the voltage-dependent

calcium channel have been suggested (4, 5, 28, 29).

Recently there have been some studies about the use of gabapentin for acute pain
management. Field et al (30), in 1997, studied of usage of gabapentin in an animal model
for postoperative pain. Results showed that a single dose of gabapentin injection
subcutaneously before surgery effectively inhibited the development of thermal
hyperalgesia and tactile allodynia. Furthermore they found that the effect of gabapentin was
long lasting up to 72 hours after administration, which was in contrast to effect of
gabapentin in animal model of epilepsy which lasts for about 3 hours. Cheng et al (37), in
2000, studied the effect of intrathecal gabapentin in an animal model of postoperative pain.
Their findings confirmed the results from Field’s work that gabapentin effectively increased

the animal threshold against mechanical allodynia in the postoperative pain model.

In the clinical setting, there are few studies of gabapentin for postoperative pain
control. Fassoulaki (70), in 2002, studied in 75 patients who underwent breast surgery for
cancer. The patients were randomized to received gabapentin 1200 mg. /day, mexiletine
600 mg. /day or placebo for 10 days postoperatively. The patients were assessed for the
analgesic effect of the - medication with total amount of analgesic consumption and the pain
rating on visual analog scale. Results from his study showed that both gabapentin and
mexiletine reduced total consumption of analgesic drugs by 50% compared with the control
group, and reduced pain score significantly against'the control group from the second day
postoperatively. But this study did not mention adverse effects of the treatment. Another
randomized controlled double blind study was performed by Dirk et al in 2002 (9). They also
studied mastectomy patients, but patients received 1200 mg. of gabapentin as single-dose
preoperatively instead. They measured the total amount of PCA morphine consumption, and
the pain score on motion and rest as the outcome. Results from their study showed that total
morphine consumption was reduced by 50% in gabapentin group compared with the

placebo group (15 mg in gabapentin group compared to 29 mg in control group,



p<0.0001), also the pain score during mobilization was significantly reduced in gabapentin
compared with the control group. When comparing the gabapentin group to the placebo
group, a decrease pain score at rest was found. At two hours postoperatively, the average
VAS was 33 mm. in control group and 19 mm. in gabapentin group; at 4 hours
postoperatively, the average VAS was 12 mm. in control group and 7 mm. in gabapentin
group, however no statistically significance was detected (p=0.094 and 0.084 respectively).
Moreover the duration of this study is 4 hours postoperatively may be inadequate for using
in clinical setting. Incidence of side effect was comparable in the placebo and gabapentin
group. Common side effects found in the study were somnolence (75%), lightheadedness
(64%) and dizziness (29%) which were classified as mild to moderate symptoms. Other
adverse effects that found in this study included nausea (6%), headache (3%) and visual

disturbances (13%).

In contrast, Gregg et al (32) studied 40 patients who undergone laparoscopic
cholecystectomy, and according to their results, there was no significant difference in
postoperative pain score or analgesic consumption between the placebo and gabapentin
group. However this study provided little details on methodology and data of study for

review.

This study was designed to reveal efficacy of gabapentin in postoperative pain
reduction in patient underwent total knee arthroplasty as measured by amount of morphine
consumption in postoperative period-and pain score-during 48 hours postoperatively, also

with adverse effects and complications of gabapentin.



CHAPTER 3

RESEARCH METHODOLOGY

3.1 Research Questions

3.1.1 Primary research question:

Can orally given gabapentin effectively reduce pain as measured by
cumulative morphine consumption in the first 24 hours postoperatively in total knee

replacement (TKR) from the control group by 25%7?

3.1.2 Secondary research question:

3.1.2.1. Can gabapentin given orally reduce morphine consumption in the
second 24 hours postoperatively in TKR?

3.1.2.2. Can gabapentin given orally effectively lower pain score in TKR
during 48 hours postoperative period?

3.1.2.3. Are there any adverse effects in the usage of gabapentin comparing

to the control group?

3.2 Research Objectives

To find the efficacy of 300 mg. gabapentin given orally as the single daily dose,

starting preoperatively, in reduction of postoperative pain in primary TKR.



3.3 Research Hypothesis

Null hypothesis: There is no difference in postoperative pain as measured by

cumulative 24-hour morphine consumption between gabapentin group and control group.

Alternative hypothesis: There is difference in postoperative pain as measured by

cumulative 24-hour morphine consumption between gabapentin group and control group.

0" He= Heg

H

Ha: /LlC /LlGB

Where (I, = mean of cumulative morphine consumption in the first 24 hours of

control group.

M 5z = mean of cumulative morphine consumption in the first 24 hours of

gabapentin group.



3.4 Conceptual Framework
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3.5 Operational Definition

1. ASA classification: Anesthetic risk of patient is classified (according to ASA

classification) into 6 classes:

Class | : Normal healthy patient

Class II: Patient with mild systemic disease

Class IlI: Patient with severe systemic disease

Class IV: Patient with severe systemic disease that is a threat to life

Class V: Morbid patient who is not expected to survive without the operation

Class VI: A declared brain death patient whose organs are being removed for

donor purpose

2. Patient-controlled analgesia (PCA) machine:

The patient-controlled analgesia (PCA) machine is a device that allows patient to
self-administer analgesic medication by triggering the button. Physicians can program the
machine to deliver a specific dose, minimal interval between doses, and limiting the

maximum amount of analgesics in a given period.

3.6 Research Design

This study is-designed as randomized triple-blinded, placebo-controlled trial. The
patient, surgeon and caregiver, and outcome assessors are all masked as to which group

the patient has been allocated.



Research design model

Population

Eligible patient

©

Placebo

Selection criteria

Randomization

Gabapentin

TKR under spinal anesthesia with

standard technique

Same postoperative care program

Outcome measurement:
- Total morphine consumption
- Pain score on VAS

- Adverse effects

11
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3.7 The Sample

3.7.1 Target population

Patients who received primary total knee replacement.

3.7.2 Sample population

Eligible patients received primary TKR at Bangkok Metropolitans Medical
College and Vajira Hospital during the study period.

3.7.3 Sample selection

3.7.3.1 Inclusion criteria

1. Patients who are scheduled to undergo total knee replacement.
2. Age 50 — 75 years.

3. ASA class | =l

4. Diagnosis of osteoarthritis.

5. Informed about the study and having signed on the consent form.

3.7.3.2 Exclusion criteria

1. Patient who has received revision TKR.

2. Severe knee deformity that requires augmentation of prosthesis.

3. Regular use of gabapentin preoperatively.

4. Patient who has history of opioid addiction.

5. Patient who cannot communicate or'do not understand how to rate pain
score or use PCA machine

6. Presence of hepatic or renal dysfunction.

7. Presence of severe cardiopulmonary diseases.

8. Patient who has history of allergy to gabapentin or morphine.
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3.7.4 Randomization technique

The patients were randomly allocated to receive placebo or gabapentin with

a simple randomization technique by picking a card within a sealed opaque envelope.

3.7.5 Sample size calculation

The main outcome of this study is comparison of cumulative morphine consumption
in the first 24 hours postoperatively between two independent groups of pain management.

So sample size of this study can be estimated according to the following:

N/group - ()zc \ )_(GB)Z
For o = probability of type | error (2 tailed) = 0.05
B = probability of type Il error =02
Zy, = 1.96
Zg = 0.84

According to the study of Singelyn (77), the mean of PCA-morphine in the first 24
hours postoperative TKR was 45 mg. with SD 13 mg. these data were then used to estimate

sample size for this study.

SD = Standard deviation of morphine consumption in the first 24 hours

postoperatively = 13 mg.

X = Mean of cumulative morphine consumption in the first 24 hours

C

postoperatively in control group = 45 mg.



14

X s = Mean of cumulative morphine consumption in the first 24 hours
postoperatively in gabapentin group which was assumed to be less than that in the

control group by 25% = 45(0.75) = 33.75 mg

2(13)* X (1.9640.84)°

Nigroup ) (45—33.75)°
3 20.9
If drop out rate = 10%
20.9

N/group 1=0.1)

= e, ~ 24 cases

3.8 Experimental Maneuver

3.8.1 Preoperative period

Every patient who was scheduled for total knee replacement would be
visited on the day before the operation and informed about the study. Patients who agreed
to join this study were randomized to receive a placebo or gabapentin by picking a card
within a sealed opaque envelope. The patients were informed about how to grade their
postoperative pain using a visual analogue scale (VAS) pain score and how to use a PCA

machine in the postoperative period.

Patient who was allocated to the placebo group would receive a capsule of
placebo orally which was identical to the 300'mg. gabapentin capsule before being sent to

the operating theater.

Patient who was allocated to the gabapentin group would receive a capsule

of 300 mg. gabapentin orally before being sent to the operating theater.
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3.8.2 Operative period

Each patient was anesthetized with spinal anesthesia using 0.5% heavy
bupivacaine by an anesthesiologist at the BMA Medical College and Vajira Hospital. No
opioid was added into anesthetic agent that injected intraspinally. All patients underwent
TKR with the standard technique. Two suction drains were inserted at the end of surgery,
one intra-articular, and the other one in the subcutaneous tissue. Compressive Jones’

dressing was applied to all patients.

3.8.3 Postoperative period

Patients were connected to a PCA machine on arrival at the post-anesthesia
care unit (PCU). The PCA solution contained morphine 1 mg/ml; lockout interval 5 minutes,
and the maximum limit was 25 mg. within 4 hours. Patient received 1 gm. of acetaminophen
orally at a 6 hour interval. Pain scores were recorded periodically starting from the time
patients arrived at the PCU. Another capsule of placebo or gabapentin was given to patient
depending on which group the patient was allocated to, 24 hours after the first one had

been taken.

3.9 Outcome Measurement

3.9.1 Basic and demographic variables:

- Age (years)

- Sex (male, female)

- Weight (kilograms)

- Side of knee which was operated on (left, right)

- Preoperative alignment of knee which was operated on (degree)

- Preoperative range of motion of knee which was operated on (degree)
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3.9.2 Intraoperative variables:

- Operative time (minutes)
- Tourniquet time (minutes)

- Blood loss (milliliters)

3.9.3 Outcome variables:

- Morphine consumption through PCA machine in first 24 hours (mg)
- Morphine consumption through PCA machine in second 24 hours (mg)
- Pain score on VAS at O, 3, 6, 12, 24, 30, 36, and 48 hours postoperatively.
(Score range from 0 — 100)
- Adverse effects
- Respiratory depression
- Pruritus
- Nausea and vomiting
- Somnolence
- Dizziness
- Headache

- Ataxia

3.10 Data Collection

Data was collected on a data record form. Cumulative. morphine consumption was
recorded at 24 and 48 hours postoperatively. Postoperative pain rating score was recorded
periodically: at 0, 3,6, 12, 24, 30, 36 .and 48 hours postoperatively by attending doctors or
nurses that were blinded from the group that patient had been allocated to. Adverse effects

were observed and recorded until the patient had been discharged from the hospital.



3.11 Data Analysis

3.11.1 Basic and demographic variables:

17

Variable Type of variable Statistics
Age (years) continuous Mean, SD
Sex (male, female) categorical Percentage
Weight (kg) continuous Mean, SD
Side of knee (left, right) categorical Percentage
Preoperative alignment
continuous Mean, SD
(degree)
Preoperative ROM (degree) continuous Mean, SD
3.11.2 Intraoperative variables:
Variable Type of variable Presentation Statistics

Operative time
Continuous
(minute)

Student’s t-test

Tourniquet time
Continuous
(minute)

Student’s t-test

Blood loss (ml) Continuous

Student’s t-test
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3.11.3 Outcome variables:

Variable Type of variable Presentation Statistics

Morphine
Continuous Mean, SD Student’s t-test
consumption (mg)

Median, Mann-Whitney U
Pain score Continuous
90% Central range test
Adverse effect Categorical Percentage Fisher's exact test

Although the pain rating score, the secondary outcome variable, was a continuous
variable, it was actually an ordering scale, so a nonparametric statistic was used to analyze

this variable.

All data was analyzed on an intention-to-treat analytical basis. All statistical analysis
was performed using SPSS/PC version 11, except for 95%CI of difference of median which
used Minitab release 13.32 to analyze. A 2-sided significance level of 0.05 was used for

analyses.

3.12 Ethical Considerations

Gabapentin is registered by the Thai FDA to be used as'an antiepileptic and for the
treatment of neuropathic pain. From the previous study, this medication can be used with
minimal side effects. For both the experimental group and the control group, they receive
on-demand morphine intravenously through a PCA machine, which is generally accepted
as one with a very potent analgesic effect, as a rescue medication for their postoperative

pain.
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The proposal will be reviewed and approved by the ethical committee of BMA
Medical College and Vajira hospital and ethical committee of Bangkok Metropolitans
Administrator. The patients who enroll must receive clearly explanation about the study, and
its risks and benefits. The patients must sign on a consent form before they enter the study.
They are free to withdraw from the study at any time without any detriment to their further
standard treatment. Any adverse effect that might occur will be treated free of charge until

they subside.

All the data will be used for study purposes only and will be kept confidential.

3.13 Limitation

Using a PCA device, the patients need to understand how to use it clearly, so the
patients must be clearly informed about the machine and how to use it when they are
enrolled in the study. Also with how to rate the pain score, patients need to understand the
way to score it comprehensively, so they must be educated at the time of entrance to the

study.

3.14 Expected Benefit from This Study

Total knee arthroplasty is a treatment for severe knee osteoarthritis which failed to
conservative treatment. It provides a good clinical result but, in the immediate postoperative
stage, patients will suffer from moderate to severe postoperative pain. The usage of
systemic opioid-analgesic medication may lead to opioid-side effects especially in old age
group patients.-If the usage of gabapentin has efficiency in relieving postoperative pain in
total knee-arthroplasty without adverse effects, patients will suffered-less.from postoperative
pain and decreasing the usage of systemic morphine also lowers its adverse effects. Also
when the patients have less pain in the postoperative period, they can move earlier and
may get less early postoperative complications such as deep vein thrombosis or pulmonary

complications.



CHAPTER 4

RESULTS OF THE STUDY

From March 2003 to December 2003, 58 patients underwent primary TKR in the
BMA Medical College and Vajira Hospital. Of these, 50 patients participated in the study
and were randomized to receive a placebo or gabapentin preoperatively. Twenty six
patients were allocated to the gabapentin group, with twenty four patients in the placebo
controlled group. One drop out occurred in the gabapentin group because the patient did
not receive medication on scheduled due to a miscommunication with the nurse, resulting in

25 and 24 patients remaining in the gabapentin and placebo groups respectively. (figure 1)

58 patients
schedule for TKR 2 patients excluded
1 due to selection
" criteria

A 4

56 eligible patients
schedule for TKR

6 patients refused to
> participate in the
. study

50 patients
participated in the
study

Randomization. ————»

A 4 A 4

Placebo Gabapentin
n=24 n =26

—— 1 drop out

A 4 A

Completed Completed
study n= 24 study n= 25

Figure 1 Flow diagram of patient inclusion
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Table 1 Baseline and demographic data expressed as mean (SD)

Placebo Gabapentin

(n=24) (n=25)
Age (years) 66.6 (7.7) 68.5 (4.6)
Sex: female (%) 83% 88%
Weight (kg) 67.0 (11.1) 62.7 (10.5)
Side of knee: left (%) 63% 52%
Preoperative alignment (degree) 5.9 (5.9) 5.0 (4.8)
Preoperative ROM (degree) 114.9 (15.8) 113.0 (20.1)

Table 1 shows the basic and demographic data of patients in the study. Patients’
age varied from 50 to 75 years old with a mean age of 66.6 years in the placebo group and
68.5 years in the gabapentin group. Female was predominated in both groups with 83%
and 88% in the placebo and gabapentin groups respectively. The average body weight of
patients in the placebo group was 67 kilograms compared with 62.7 kilograms in the
gabapentin group. Left knee was slightly more frequently affected than right knee in both
groups. Preoperative alignment of the knee in the placebo group ranged from 10 degrees
valgus to 16 degrees varus deformity with 'an.average of 5.9 degrees varus compared to 3
degrees valgus to 15 degrees varus in the gabapentin group with an average of 5 degree
varus. The preoperative range of motion varied from 75 degrees to 140 degrees with an

average of 114 degrees in the placebo group and 113 degrees in the gabapentin group.
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Table 2 Intraoperative and postoperative data: mean (SD)

Placebo Gabapentin p-value 95% ClI

Operative time

108.1 (21.2) 103.8 (18.7) 0.451 -7.1,15.8
(minute)
Tourniquet time

97.3 (15.1) 89.6 (15.1) 0.081 -1.0,16.4
(minute)
Blood loss (ml) 699.2 (214.6) 717.6 (264.7) 0.791 -157.3,120.4

Data on intraoperative and postoperative periods that might affect postoperative
pain were shown in table 2. There was no statistically significant difference in operative

time, tourniquet time and postoperative blood loss between the two groups.
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Table 3 PCA morphine consumption: mean (SD)

% 95%Cl for
Placebo Gabapentin p-value Reduction the
difference
Morphine
consumption
31.5(15.9) 20.8 (10.9) 0.008 34 % 2.9,18.5
in first 24
hours (mg)
Morphine
consumption
15.3 (10.3) 10.6 (9.4) 0.102 30 % -1.0,10.4
in second 24
hours (mg)

Amount of morphine consumption via PCA machine that was the main outcome of
this study is shown in table 3. Data on morphine consumption during both the first and
second 24 hours postoperatively were tested for normality with normal plot (P-P plot) and
Kolmogorov-Smirmnov test and it showed that normality could be assumed. Therefore, use of

Student’s t-test was appropriated.

Amount of maorphine consumption in_the first: 24 hours of gabapentin group was
lower than that of the placebo group about 34%, with the mean of 20.8 mg and 31.5 mg in
the gabapentin group and the placebo group respectively (95%CI in the difference 2.9,
18.5). The amount of morphine consumption in second 24 hours postoperative period in the
gabapentin group was lower than that in the placebo group (10.6 mg versus 15.3 mg,

95%Cl =-1.0, 10.4).



24

Table 4 Postoperative pain score on VAS: median (90%central range)

Hours Placebo Gabapentin Svalue 95%Cl for the
(n=24) (n=25) difference

0 5(0, 91) 3 (0, 36) 0.060 0,5

3 17.5 (3, 94) 18 (3, 91) 0.435 -6, 14.

6 28.5 (2, 80) 39(3,97) 0.490 -23,8

12 16.5 (1, 57) 9 (3,67) 0.288 2,17

24 1.5 (2,48) 6 (2, 45) 0.229 -1,9

30 6 (3, 46) 6 (1, 43) 0.950 -4,5

36 11 (1,51) 5(2,29) 0.748 -3,8

48 6 (3, 25) 4 (2, 33) 0.069 0,4

Periodic pain scores as measured by VAS during a 48 hour postoperative period
are shown in table 4. Median of pain scores in the placebo control group were 5, 17.5, 28.5,
11.5,16.5, 6, 11 and 6 at 0, 3, 6, 12, 24, 30, 36 and 48 hours post-operation respectively.
While median pain scores in the-gabapentin group were 3, 18, 39, 9, 6, 6, 5 and 4 at the
same intervals. There was no statistically significant‘difference in pain score between the
placebo and gabapentin group at any point of time. The postoperative pain score peak was
located at 6 hours postoperatively. Figure 2 and 3 show graph of the pain score during the

period of study.
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Results regarding adverse effects and complications are reported in table 5. No
respiratory depression or ataxia was found in any patients from either group of this study.
The most common side effect observed in this study was nausea and vomiting, found in 17
patients in the placebo group (70.8%) and 16 patients in the gabapentin group (64%). This
symptom was usually mild to moderate in degree and all of the patients could tolerate this
and complete the study. Pruritus was found in 4 patients (16.7%) in the placebo group,
whereas this was found in 2 patients (8%) in the gabapentin group. 4 patients in the
placebo group had somnolence compared with 2 patients in the gabapentin group.
Dizziness was found frequently more in the gabapentin group (4 patients, 16%) compared
with the placebo group (1 patient, 4.2%). There were 2 patients in each group who
developed headache in the postoperative period. For all of the listed side effects there was
no statistically significant difference between the two groups. Other side effects or
complications found in this study included jaundice, symptomatic pulmonary emboli,
superficial wound infection, cystitis, upper gastrointestinal tract hemorrhage, and fever each
found in cases from the placebo group. A patient in gabapentin group developed confusion
on the second postoperative day. All of the side effects or complications were treated

successfully without mortality or morbidity.



Table 5 Side effects and complications: number of cases (percent)
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Placebo Gabapentin p-value
Respiratory depression 0 0
Pruritus 4 (16.7%) 2 (8%) 0.417
Nausea and vomiting 17 (70.8%) 16 (64%) 0.762
Somnolence 4 (16.7%) 2 (8%) 0.417
Dizziness 1(4.2%) 4 (16%) 0.349
Ataxia 0 0
Headache 2 (8.3%) 2 (8%) 1.000
Others
- Jaundice 1(4.2%) 0
- Superficial wound infection 1(4.2%) 0
- Pulmonary emboli 1(4.2%) 0
- Cystitis 1(4.2%) 0
- Upper Gl hemorrhage 1 (4:2%) 0
- Fever 1(4.2%) 0
- Confusion 0 1(4%)




CHAPTER 5

DISCUSSION

Total knee replacement is a treatment for severe osteoarthritis of the knee joint
which does not respond to the more conservative treatments. As in other major surgeries,
postoperative pain is the one of major concerns and requires management during the early
postoperative period. Opioid analgesia is the main medication in use for the treatment of
postoperative pain due to its strong analgesic effect. Among of these analgesics, morphine
is the most commonly used opioid analgesic (2). Although the usage of morphine to
manage postoperative pain is very efficacious, it produces many side effects including
nausea, vomiting, somnolence, etc which may preclude the patient from early mobilization
which may lead to other postoperative complications. Many attempts have been made to
eradicate this problem and to minimize the usage of morphine in the postoperative period
such as modifying the surgical technique, usage of other physical means such as cold

compression, and the usage of balanced analgesics technique.

Postoperative pain has been suggested that it consists of two mechanisms,
peripheral sensitization and central sensitization(33). Peripheral sensitization is response of
tissue to trauma by releasing of numerous pain mediator substances such as hydrogen ion,
prostaglandins, substance-P, bradykinin etc, which result in'increasing the sensitivity of
high threshold nociceptor, A O and C fiber. The second mechanism, central sensitization, is
a change in excitability of neuron in spinal cord, resulting in hypersensitivity of neuron to

stimuli and producing hyperalgesia and allodynia.
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Gabapentin has demonstrated potential antihyperalgesic and antiallodynic properties in
preclinical and clinical studies(7, 34). In preclinical studies, Gabapentin, administered
intrathecally (37), showed antihyperalgesic and antiallodynic effects in rat model of postoperative
pain, and also showed the similar effects when administered subcutaneously (30). In clinical
study, gabapentin demonstrated that it did not only inhibit development of hyperalgesia and
allodynia, but also effected on established secondary hyperalgesia and allodynia resulting from

sensitization of skin with heat and capsaicin in volunteers as well (34).

This study was introduced to evaluate the efficacy of gabapentin, an anticonvulsant
drug, on the reduction of postoperative pain as measured by the amount of morphine
consumption during a 48 hour postoperative period and also evaluated on pain score as well.

This study also investigated on side effects that might occur from the usage of this medication.

In this study we used amount of morphine requirement as the measurement of
postoperative pain. This measurement may be confounded by other factors if the patients did not
use the PCA machine properly. Some patients might trig the machine not because they wanted
to reduce their pain, but because they liked a euphoric effect of the morphine that made them
comfort after they received morphine. Some patients might be hesitated to use morphine despite
of their pain because they wanted to avoid adverse effects of morphine such as nausea and
vomiting, or afraid of morphine addiction. This might be the limitation of the measurement
method. To lessen this confounding that may affect outcome of the study, patients should be
adequately educated for the proper use of PCA machine and morphine. Moreover the adverse
effects need to ftreat adequately. Also the pain score should go along with the reasonable

direction of the morphine consumption.

Another factor that might affect the outcome of this study is the duration of action of
gabapentin. Since half-life of gabapentin is 5-9 hours, gabapentin may maintain its action for only
10-12 hours in some cases because in this study we gave gabapentin once a day. Therefore,

pain score and morphine consumption in some periods might be the effect of morphine alone.
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From this study amount of morphine consumption in the first 24 hours postoperative
period was reduced by 34% in the gabapentin group as compared with the placebo group.
This finding is in agreement with the previous studies of this medication (9, 70) in that it can
reduce analgesic consumption in postoperative pain management, but showing a different
extent of reduction. This difference may be due to different dosages of gabapentin used in
the studies and it may contain a dose-response effect. However the amount of morphine
consumption in the second 24 hours postoperative period, gabapentin could not show any
significant decrease in the usage of morphine when compared with placebo. This finding
could be due to a lower degree of pain and need for the analgesic drug in the second
postoperative day and the sample size of this study is not enough to detect this difference.
Data from this study shows that it has a power only 0.38 to detect a difference in morphine

consumption at this level.

Postoperative pain score in this study showed no significant difference between
groups at any point of time during the study. Since all of the patients in the study received
morphine through a PCA machine which is a very efficacious modality of pain control, this
finding may be due to a ceiling effect for the morphine in controlling postoperative pain.
However, there is a significant reduction of morphine usage in gabapentin group which
suggest morphine sparing effect of gabapentin. Another possible reason for no difference in
pain score between the two groups is type of pain. During postoperative period of TKR, all
of the patients are partially immobilized in Jone’s compressive dressing, pain score
detected in this-period-was the pain-at rest..Since;gabapentin contains more pronounced
effect on moving pain, so there is no difference of pain score detected in this study, which is
the same with the result from. the study;of Dirk et al(9).-Although the-median VAS at 6 hours
post operative of gabapentin group-was higher than control group (28.5 versus 39 mm.), the
estimated difference of median score between groups at this time was -3 mm. (95%CI of the
difference: -23, 8), there was no statistically significant (p-value 0.49), so this difference
should occur due to variation of measurement.. Also the 3 mm different of VAS has no

clinical implication since from study of Todd et al(35), the minimal clinically important
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difference of pain score on VAS was 18 mm. Other finding about pain score from this study
is the peak of the score, pain intensity from this study was located at 6 hours

postoperatively which confirmed with the study of Klasen et al in 1999 (36).

Another secondary outcome of this study was side effects of the medication. The
most common side effects seen in the study were nausea and vomiting, but the degree of
these symptoms was mild to moderate, all well tolerated by the patients and the symptoms
should be contributed to the effect of morphine. Also with pruritus which is another side
effect of morphine was found more in placebo group (16.7% versus 8%). Dizziness which is
the common adverse effect of gabapentin report in former study also found in 4 patients in
this study compare to one patient in the placebo group (16% versus 4.2%), however
severity of symptom was only mild degree. Somnolence, another common side effect of
gabapentin, was found less in the gabapentin group when compared with the placebo
group (8% versus 16.7%). Because morphine also contains adverse effect of somnolence,
and patient in the placebo group required more morphine to inhibit their pain, this may
explain that why incidence of somnolence was less in gabapentin group in this study. No
ataxia was found in any patient in this study, this should be due to low dosage and short
duration of gabapentin use in the study. However all of these adverse effects were not
significantly difference between groups. One patient who received gabapentin developed
confusion on second postoperative day, but the symptom resolve spontaneously on the
third operative day. One serious complication was found during the study, pulmonary
emboli, but this-occurred -in placebo. group: This patient-was treated conservatively and
resolved when the patient discharged from the hospital. Other complications found in this
study.included-jaundice, superficial-wound infection, cystitis, upper . gastrointestinal tract
hemorrhage and fever only found in placebo group, and they should not be related to the

treatment.



CHAPTER 6

CONCLUSION AND RECOMMENDATION

6.1 Conclusion

Gabapentin given orally, at a dose of 300 mg daily starting before surgery, is
effectively reduced postoperative pain in total knee replacement as measured by the
amount of morphine usage in the first 24 hours postoperative period. However, the amount
of morphine usage in the second 24 hours postoperatively does not significantly reduce.
Adverse effects of gabapentin are mild to moderate in degree and receded after the
medication is discontinued; no serious side effect is found. It is also found that gabapentin

is quite safe to prescribe to an aging patient.

6.2 Recommendations

Gabapentin can be used as an alternative medication to reduce postoperative pain
and reduce morphine requirement in the postoperative period. Further research should be
done to find the optimum doses and time regimen of gabapentin administration.
Investigations into the usage of gabapentin with other types of orthopedic surgery should

be performed to generalize usage of this medication in the reduction of postoperative pain.
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APPENDIX A

Patient screening form

Inclusion criteria

1. Scheduled to operate total knee replacement

2. Age 50 — 75 years

3.ASA class | - Il

4. Diagnosis of osteoarthritis

5. Signed the informed consent form

Exclusion criteria

1. Patient who received revision total knee replacement

2. Severe deformity that need to use augmentation

3. Regular use of gabapentin preoperatively

4. History of opioid addiction

5. Cannot communicate or not understand how

to rating pain score or use PCA machine

6. Presence of hepatic or renal dysfunction

7. Presence of severe cardiopulmonary disease

8 .History of allergy to gabapentin or morphine
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Appendix B

Case record form

41

Title: Comparison between gabapentin and placebo for postoperative pain reduction in

total knee arthroplasty: A randomized controlled trial.

Principle investigator: Surapoj Meknavin

1. Age....oooeee years

2. Sex [1 Male [ 1 Female
3. Weight................. kg

4. Side of knee [ Left [ Right

5. Preoperative knee alignment.........ccccccceees

6. Preoperative range of motion.................

Operative data

7. Operative time...................l minutes

8. Tourniquettime........................... minutes

Record ID |:|:|:|

HN

AN




9. Blood loss (in 48 hours)........ccoevveeeennnn... ml.
10. Perioperative opioid usage [] Yes, specCify .....cccovvvvnnnn. Amount ........... mg.
1 No.
Outcome data
11. Cumulative morphine consumption at:
a. First24 hours.........ccoviinnnnn. mg.
b. Second 24 hours................. mg.

12. Postoperative pain rating score on VAS: using 10 cm. straight horizontal line, left end

means no pain, and right end means worst imaginable pain.

0 hour 3 hours 6 hours 12 hours 24 hours

30 hours 36 hours 48 hours




13. Adverse effects:

a. Respiratory depression O]

b. Pruritus

Nausea and vo

Ataxia

g. Headac

Others

Yes, Specify........c...... WG W

O
1 No.

AONUUINYUINNS )
RN ITNINENAY



APPENDIX C

Pain score record form

Record ID |:|:|:|

Patient’'s name. ..o HN

Ward....ccccvvviiendi. A E A AN

Pain score on VAS: record time.........ccccccceeeiinnnnee.
Please grade your pain by marking at the line below. On left end of the line means no

pain, and on the right end of the line means worst pain imaginable.

Worst
No pain : | imaginable
pain
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