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Background: Although opioids are the most commonly used medications to control postoperative pain in
children, the analgesic effects could have a large inter-individual variability according to genotypes. The aim
of this study was to investigate the association between single nucleotide polymorphisms and the analgesic effect
of morphine for postoperative pain in children.

Methods: A prospective study was conducted in 88 healthy children undergoing tonsillectomy, who received
morphine during the operation. The postoperative pain score, frequency of rescue analgesics, and side effects
of morphine were assessed in the post-anesthesia care unit. The children were genotyped for OPRM1 A118G,
ABCBI C3435T, and COMT Vall58Met.

Results: Children with at least one G allele for OPRMI (AG/GG) had higher postoperative pain scores
compared with those with the AA genotype at the time of discharge from the post-anesthesia care unit (P =
0.025). Other recovery profiles were not significantly different between the two groups. There was no significant
relationship between genotypes and postoperative pain scores in analysis of ABCB1 and COMT polymorphisms.

Conclusions: Genetic polymorphism at OPRMI A118G, but not at ABCBI C3435T and COMT Vall58Met,
influences the analgesic effect of morphine for immediate acute postoperative pain in children. (Korean J Pain
2016; 29: 34-39)
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INTRODUCTION opioids are the most commonly used medications to control

postoperative pain, the analgesic effects show large inter—
Management of acute postoperative pain, especially in individual variability according to age, gender, ethnicity,
children, is a major concern of anesthesiologists. Although type or duration of surgery, and so on [1,2]. Recently a
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number of studies have shown that single nucleotide poly—
morphisms (SNPs) in the pain pathway relate to variability
in pain perception or response to analgesics following a
painful procedure [3-8].

AlI8G (rs1799971) in the mu—opioid receptor—1 gene
(OPRMI) is one of the most well-known SNPs for modulat—
ing the analgesic response to morphine. The variation has
been reported to reduce the andlgesic effect of opioids as
well as complications such as respiratory depression [3—5].
C3435T (rs1045642) in the adenosine triphosphate biding
cassette gene (ABCBI) and Vall58Met (rs4680) in the cat—
echol-O—methyltransferase gene (COMT) are other SNPs
of interest for postoperative pain management [6—8]. The
aim of this study was to investigate the association be—
tween such SNPs and the analgesic effects of morphine

for postoperative pain in children,

MATERIALS AND METHODS

The protocol was approved by the Institutional Review
Board of Jeju National University Hospital (2012—-03-001).
Written informed consent from parents and written assent
from the children were obtained preoperatively. This study
was conducted using a prospective observational method.

Korean children aged 518 years, American Society of
Anesthesiologists (ASA) physical status 1 or 2, undergoing
tonsillectomy with or without adenoidectomy, were enrolled
in the study. Patients were excluded if they were affected
by developmental delay, were diagnosed with hepatic or
renal diseases, or experienced preoperative pain requiring

analgesics (e.g., chronic tonsillitis).

Lee, et al / Genotype Polymorphism in Children | 35

General anesthesia was induced with propofol 2 mg/kg
and morphine 0,05 mg/kg. Tracheal intubation was facili—
tated with rocuronium 0.6 mg/kg, and ondansetron 0.1
mg/kg was administered as a prophylactic antiemetic,
Anesthesiac was maintained with sevoflurane in 50%
02/N2O and the lungs were ventilated to maintain an
end—tidal COy of 30—35 mmHg. Reversal agents for the
muscle relaxant and morphine 0.05 mg/kg were injected
just before the end of the operation. After the recovery
of spontaneous respiration, patients were extubated and
transferred to the post—anesthesia care unit (PACU).

The primary outcome of this study was the post—
operative pain score in the PACU, This was assessed using
the Face, Legs, Activity, Crying, Consolability (FLACC)
scale (Table 1) [9] upon arrival in the PACU, 15 min after
PACU arrival, and upon discharge from the PACU, If pain
persisted, ketorolac 0.01 mg/kg (for a pain score of 5-7)
or morphine 0.05 mg/kg (for a pain score of = 8) was
administered for rescue analgesia.

Recovery profiles were assessed including the sedation
score using the modified Ramsay sedation scdle [10], res—
piratory depression, nausea/vomiting, and pruritus in the
PACU. Patients stayed in the PACU for at least 30 min and
were discharged after achieving a modified Aldrete score
[11] of = 9 and a pain score of < 6. If the patient received
rescue analgesics, we did not limit the pain score for PACU
discharge.

Blood samples of 3 ml were collected after the induc—
tion of general anesthesia for genotyping. All8G, C3435T,
and Vall58Met were analyzed by Tquon® genotyping as—
says (Life Technologies Corporation, Applied Biosystems,

Table 1. Face, Legs, Activity, Crying, Consolability (FLACC) Scale [9]

Categories
0
Face No particular expression or smile
disinterested
Legs Normal position or relaxed
Activity Lying quietly, normal position,
moves easily forth, tense
Crying No crying (awake or asleep)
Consolability ~ Content, relaxed

Occasional grimace or frown, withdrawn,

Uneasy, restless, tense
Squirming, shifting, back and

Reassured by occasional touching,

Scoring
1 2

Frequent to constant quivering chin,
clenched jaw

Kicking, or legs drawn up

Arched, rigid or jerking

Moans or whimpers; occasional complaint ~ Crying steadily, screams or sobs,

frequent complaints
Difficult to console or comfort

hugging or being talked to, distractible

Each of the five categories is scored from 0—2, which results in a total score between zero and ten.
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Carlsbad, CA, USA).

In a pilot study, the mean difference and standard de—
viation of postoperative pain scores between OPRMI geno—
types were 1.5 and 2.4, respectively. A sample size of 82
was expected at alpha error 0.05, power 0.8, and effect
size 0.625. Considering the likely dropout rate, a total
sample size of 100 was determined for the current study.

SPSS (IBM SPSS Statistics 20 for Windows, Chicago,
IL, USA) was used for statistical analysis. Categorical data
were analyzed by the Chi—square test. As the variables
were not normally distributed, the relation between geno—
types and postoperative measurements was analyzed using
the Mann—Whitney test or the Kruskal-Wallis test. Each
allelic frequency was examined by the Hardy—Weinberg
equilibrium test [12]. A value of P < 0,05 was considered

statistically significant.

RESULTS

A total of 100 patients were enrolled in our study, of
whom 12 patients were excluded due to problems with gene
analysis or loss of other data. Thus, 88 patients were in—
cluded in the final analysis. Genotypes and allelic frequen—
cies of AllI8G, C3435T, and Vall58Met are described in
Table 2. All SNPs were in Hardy—Weinberg equilibrium,

We evaluated All8G in relation to the postoperative
pain score. Children with at least one G dllele (AG/GG) had
higher postoperative pain scores at the time of discharge
from the PACU compared with those with the AA genotype
(P=0.025) (Fig. 1). Demographic data and other recovery
profiles were not significantly different between the two
groups (Table 3). Most side effects of morphine were mild

and did not require intervention, and no patient experi—

Table 2. Single Nucleotide Polymorphisms: Genotype and Allele Frequencies

. ) Hardy-Weinberge
Single nucleotide o
: Genotype Genotype frequency Allele Allele frequency equilibrium test
polymorphism
(P value)
A118G AA 0.409 A 0.625 0.46
AG 0.432 G 0.375
GG 0.159
C3435T cC 0.375 C 0.597 0.457
CT 0.443 T 0.403
T 0.182
Val158Met GG 0.523 G 0.722 0.924
GA 0.398 A 0.278
AA 0.08
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Fig. 1. Median postoperative pain scores in OPRM1 AA and AG/GG genotypes. (A) Pain score upon arrival in the PACU,
(B) Pain score 15 min after PACU arrival, and (C) Pain score upon discharge from the PACU. *P < 0.05 compared with

AA genotype. PACU: post-anesthesia care unit.

KJP

www.epain.org



Lee, et al / Genotype Polymorphism in Children | 37

Table 3. Demographic Data and Recovery Profiles according to OPRM1 Polymorphism

Parameters

Gender (male/female)

Age (yr)

Height (cm)

Weight (kg)

Operation time (min)

Anesthesia time (min)

Pain score upon arrival in the PACU

Pain score 15 min after PACU arrival

Pain score upon discharge from the PACU

Modified Ramsay sedation scale upon arrival in the PACU
Modified Ramsay sedation scale 15 min after PACU arrival
Modified Ramsay sedation scale upon discharge from the PACU
Respiratory rate upon arrival in the PACU

Respiratory rate 15 min after PACU arrival

Respiratory rate upon discharge from the PACU

Number of patients with rescue analgesics (ketorolac)
Number of patients with rescue analgesics (morphine)
Number of patients with nausea and vomiting

Number of patients with pruritus

Time to PACU discharge (min)

AA AG/GG P value
(n = 36) (n = 52)

21/15 34/18 0.502
9.5 (6.25) 10.1 (5) 0.463
142 (33.5) 144.3 (27.8) 0.494
37.8 (29.3) 39.3 (28.3) 0.277
425 (16.5) 45 (29.5) 0.32

65 (20) 70 (39.5) 0.348

4 (6) 6 (7) 0.206

3 (5) 5 (6.5) 0.069

2 (48) 5 (5) 0.025

3(2) 3(0) 0.323

2 (1 2 (0) 0.238

1(0) 1(0) 0.815

20 (5.5) 20.5 (6) 0.26

20 (5.8) 20 (4.8) 0.457
18.5 (2) 20 (4) 0.17

13 13 0.261
9 19 0.253
2 1 0.356
4 10 0.306
35 (10) 35 (15) 0.672

Values are median (interquartile range) or number. PACU: post-anesthesia care unit.

enced respiratory depression. No significant relationship
was observed between genotypes and the postoperative
pain score in analysis of C3435T and Vall58Met polymor—

phisms,

DISCUSSION

Although morphine is a widely used medication for
postoperative pain control in children, the anadlgesic effects
have a large inter—individual variability. Recently, several
genetic factors have emerged as subjects of major interest
for understanding this variability in America and Europe
[6,13,14]. Because genetic factors are considerably influ—
enced by ethnicity, the present study has special meaning
in that the subjects are Korean children.

The OPRMI Al18G is one of the most well-known SNPs
for modulating the analgesic response to morphine. This
polymorphism leads to an exchange from asparagine to
aspartate at position 40 of the mu—opioid receptor, thus
deleting the N-linked glycosylation site in the extracellular
receptor region [15,16]. Additionally, the mutant receptor
has a defect in mRNA transcription and protein yield.

These changes alter the functional properties of the re—
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ceptor for opioids and lead to variability in the analgesic
effect of opioids [17]. The frequency of the minor allele
(118G) has been reported variously from 0.01 to 0.5 ac—
cording to ethnicity [16,18]. It appears to be relatively high
in Asian populations, and our study revedls the frequency
as 0.375.

As a primary target for opioids, the mu—opioid re—
ceptor plays a key role in pain perception. Numerous stud—
ies have evaluated the association of OFPRMI All8G and
postoperative pain in adults, Most of the studies have
demonstrated that patients with the 118G variant required
higher morphine doses for postoperative pain control
[3-5,8,19]. Some studies have reported that patients with
the 118G variant recovered from anesthesia more quickly
and experienced fewer of the side effects of opioids, such
as respiratory depression and nausea/vomiting, than
118AA carriers [3,4,20].

Little literature exists regarding the effect of the All8G
SNP on postoperative pain in children, Chidambaran et al.
[13] reported that the presence of the G allele was asso—
ciated with higher postoperative pain scores and less res—
piratory depression during the 48 hours following spinal

fusion in adolescents. Mamie et al. [14] dlso reported that
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children with the G dllele experienced more postoperative
pain compared with those with the AA genotype during the
24 hours after orthopedic or abdominal surgery. Both of
the above studies [13,14] examined postoperative pain and
respiratory depression during relatively long postoperative
periods in children who underwent major surgery and were
administered patient—controlled morphine analgesia.

We investigated postoperative pain and recovery pro—
files in the PACU in children who underwent minor surgery
without patient—controlled anclgesia. As a result, we found
that the All8G variant was also associated with immediate
acute postoperative pain in children, However, we could not
find any difference in recovery profiles such as respiratory
rates according to the genotypes. This is probably because
of the different subjects and methods of morphine
administration, In fact, the overall incidence of respiratory
depression reached 31% in the study of Chidambaran et al.
[13], whereas no patients experienced respiratory depres—
sion in our study.

The P—glycoprotein is a type of integral membrane
protein, which is encoded by ABCBI lts function is the en—
ergy—dependent export of substances from the inside of
cells to the outside. It is located in various organs as well
as the blood—brain barrier, and influences the uptake of
opioids into the brain. The ABCBI C3435T is associated
with reduced expression of P—glycoprotein [21]. Therefore,
patients with the mutant genotype could have higher con—
centrations of morphine in the cerebrospinal fluid and re—
quire smaller doses of morphine for pain control [22].

The COMT Vall58Met is another SNP of interest for
postoperative pain management, COMT is an enzyme that
metabolizes catecholamines such as adrenaline, nora—
drenaline, and dopamine, which are implicated in the mod—
ulation of pain. The Vall58Met variant has been found to
decrease the activity of the enzyme, leading to increases
in catecholamine levels with rises in pain [23].

In the present study, we were unable to find a sig—
nificant relationship between genotypes and the post—
operative pain score in analysis of ABCBI and COMT
polymorphisms. Previous studies have shown inconsistent
results regarding this issue. Mamie et al. [14] reported that
children with the ABCBI CC genotype experienced more
postoperative pain compared with those with the CT/TT
genotypes following orthopedic or abdominal surgery.
Sadhasivam et al. [6] reported that, among children under—
going adenotonsillectomy, those with the COMT minor al—
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lele required more analgesic intervention than those who
were homozygotes for major dlleles. However, another re—
cent study in Latino and non—Lation children found no dif—
ference in response to morphine in genetic analysis includ—
ing OPRMI, ABCBI, and COMT [24]. This discrepancy may
be caused by differences in the sample size and ethnicity
of the study population, Additional research is needed to
clarify these issues.

A possible limitation of this study is the high tendency
of emergence delirium in children, which could disrupt ac—
curate measurement of the pain score in the PACU.
However, we injected morphine just before the end of the
operation, and this could reduce the incidence of emer—
gence delirium, In fact, the median modified Ramsay seda—
tion scale score upon arrival in the PACU was 3 in both
the AA and AG/GG groups. Another limitation is that the
postopertive pain score was assessed only in the PACU.
As postoperative pain could last for days, observation after
PACU discharge might provide more information,

In conclusion, genetic polymorphism at OPRMI Al18G,
but not at ABCBI C3435T and COMT Vall58Met, influences
the analgesic effect of morphine for immediate acute post—
operative pain in children. More research is needed to con—
firm this result and to improve our clinical practice based

on genetic variations,
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