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Genetics of pain perception, COMT and

postoperative pain management in children

Background: Effective perioperative analgesia is lacking for children owing to interindividual variations
and underdosing of opioids caused by fear of adverse effects. We investigated the role of COMT SNPs on
postoperative pain management in children. Methods: One hundred and forty nine children undergoing
adenotonsillectomy were enrolled. The associations of four COMT SNPs (rs6269, rs4633, rs4818 and rs4680)
with postoperative pain were analyzed and outcome measures included maximum pain scores, need for
postoperative opioid interventions and postoperative morphine requirements. Results: We detected an
association of postoperative opioid intervention need with all four COMT SNPs. Minor allele carriers of
COMT SNPs were approximately three-times more likely to require analgesic interventions than homozygotes
of major alleles (p-value range: 0.0031-0.0127; odds ratio range: 2.6—3.1). In addition, significant association
was detected between maximum Face, Leg, Activity, Consolability, Cry (FLACC) pain scores and three COMT
SNPs (rs6269, rs4633 and rs4680). Haplotype 1 (ATCA: 51.3%) and Haplotype 2 (GCGG: 36.2%) are more
frequent. Haplotype 2 was associated with higher odds of intravenous analgesic intervention need in
postanesthesia recovery unit with an odds ratio of 2.6 (95% Cl: 1.2-5.4; p-value = 0.022). Conclusion:
COMT SNPs may play a significant role in interindividual variation in postoperative pain perception and

postoperative morphine requirements in children.
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Perioperative pain management in children is
often inadequate with up to 50% experiencing
inadequate pain control and serious side effects
from narcotics [1-4]. There is a wide range of
responses to analgesics administered to treat
postoperative pain secondary to variability in
patient age [2], gender, race (ancestry), anxiety
5], type of surgery, previous experience [2] and
genetic factors. It is currently believed that up
to two-thirds of the variability in morphine
response and adverse effects results from genetic
variation in adults and children (7).

Several adult pain studies have shown an asso-
ciation between COMT genetic variations and
interindividual variability in pain perception
(8-11]. COMT is the enzyme mainly responsible
for the metabolism of noradrenaline, adrenaline
and dopamine. COMT is a key regulator of pain
perception, cognitive function and mood, and is
a pivotal regulator of catecholamine concentra-
tions in the pain perception pathway [12.13]. Four
common COMT SNPs (rs6269, rs4633, rs4818
and rs4680 — Vall58Met) define haplotypes
predictive of lower COMT enzyme activity [10].
Lower COMT activity increases catecholamine
levels, causes hyperalgesia through stimulation
of B2-adrenergic receptors [14,15] and increases
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dopaminergic transmission leading to depletion
of encephalin in the brain and upregulation of
opioid receptors [16]. Catecholamines and their
metabolism may play a significant role in pedi-
atric surgical pain. Therefore, a better under-
standing of the COMT gene in children may
allow for individual tailoring and optimization
of analgesic therapy, including opioids.

Little literature exists on the effect of COMT
variations on postoperative pain perception and
morphine analgesia in children [17.18], and large
pediatric studies with homogenous pain pheno-
type are lacking. We studied COMT candidate
polymorphisms, which have been shown in adults
to be significantly associated with pain percep-
tions and analgesia (8-11,19-24], in a homogenous
sample of children undergoing tonsillectomy, to
identify genetic profiles associated with increased
postoperative pain and inadequate postoperative
analgesia with morphine.

Methods

We performed a prospective, genotype-blinded,
observational study in a cohort of children
undergoing adenotonsillectomy. This study is
part of a larger ongoing clinical study, Person-
alizing Perioperative Morphine Analgesia in
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Children, which is registered with clinicaltrials.
gov (NCT01140724). The study was approved
by the Cincinnati Children’s Hospital Medical
Center’s institutional review board and written
informed consent was obtained from parents
and assent was obtained from children before
enrollment.

Children scheduled for elective, outpatient
adenotonsillectomy were enrolled. Children
between 6 and 15 years of age and American
Society of Anesthesiologists (ASA) status 1 or
2, including children with obstructive sleep
apnea (OSA) and recurrent adenotonsillitis were
recruited. Self-reported race by parents was used
to determine ancestry. Children from European
(Caucasian) and African (African—American)
and other ancestries were included. Children
were excluded if they were non-English speak-
ing, had an allergy to morphine, were devel-
opmentally delayed, had liver or renal disease,
or had preoperative opioid use. All children
received standard and uniform perioperative
care with an anesthetic consisting of an intra-
operative dose of 0.2 mg/kg of morphine (chil-
dren with OSA received 0.1 mg/kg of mor-
phine). Intraoperatively, all children received
prophylactic antiemetics dexamethasone
(0.1 mg/kg, maximum 4 mg) and ondansetron
(0.1 mg/kg, maximum 4 mg). Tonsillectomy
was performed in all children using an electro-
cautery technique. Additional use of intra- and
post-operative morphine (0.05 mg/kg/dose) was
administered per discretion of the anesthesia
team based on clinical need.

Analgesic outcome measures were post-
operative pain scores and postoperative intra-
venous analgesic interventions needed to achieve
comfort, postoperative morphine use, prolonged
postanesthesia recovery unit (PACU) stay due to
inadequate pain control and duration to achieve
PACU discharge readiness. Postoperative pain
scores in PACU were simultaneously measured
using the Face, Leg, Activity, Cry and Consola-
bility (FLACC) scale by nursing staff and a sub-
jective patient report of Numerical Rating Scale
(NRS) upon arrival and every 5 min for 15 min,
and then every 15 min until discharge. After
intravenous opioid interventions, pain scores
were measured every 5 min for 15 min until pain
scores were below 4 out of 10. For pain scores >4
in PACU, intravenous opioids were administered
as analgesic interventions. Intravenous morphine
in 0.05 mg/kg doses were administered for sig-
nificant (pain scores >4 out of 10) postoperative
pain. We defined prolonged PACU stay as greater

than 90 min following arrival and prior to
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discharge. The criteria to be met for PACU dis-
charge were: level of consciousness arousable or
awake, airway patent with adequate air exchange,
core temperature 236.3°C, acceptable pain level,
hemodynamically stable and surgical site without
any bleeding or complications.

Blood was drawn in the operating room to
obtain DNA for genotyping. COMT SNPs were
analyzed by TagMan® genotyping assays (Life
Technologies, Applied Biosystems, CA, USA).

To test the hypothesis that COMT SNPs were
associated with postoperative analgesia outcomes
in children, statistical analyses were conducted
using SAS 9.3 and JMP Genomics 5.1 (SAS
Institute, NC, USA). Prior to analysis, distribu-
tional qualities of all outcomes were examined.
For the COMT variants, allelic and genotype
frequencies were examined, and Hardy—Wein-
berg equilibrium (HWE) was tested [25]. HWE
states that both allele and genotype frequencies
in a population remain constant, and thus pro-
vides an ideal baseline against which changes
in a population can be analyzed [25]. To ana-
lyze dichotomous outcomes (intervention need
and prolonged PACU), logistic regression was
performed. For postoperative morphine use and
duration for PACU discharge readiness, general
linear models were used because these outcomes
followed a normal distribution. The maximum
NRS pain scores were not normally distributed
thus were analyzed using Wilcoxon rank sum
test. FLACC exhibited a zero-inflated negative
binomial distribution with 27.5% of the patients
experiencing no pain (score = 0). Thus, FLACC
were analyzed using a zero-inflated negative
binomial model to appropriately capture the
distribution of this variable. Prior to evalua-
tion of COM T variants, the effects of covariates
(age, sex, ancestry, weight, OSA, intraoperative
morphine and total morphine) were evaluated.
To select the best fitting model, log likelihood,
Akaike and Bayesian Information Criterion were
compared, and residuals were examined. Covari-
ates that significantly improved model fitting
(p < 0.05) were retained for genetic analyses.
For dichotomous outcomes, adjusted odds ratio
and 95% Cls were reported; for the rest, least
square means and 95% Cls were reported. To
confirm stability of the estimated odds ratios,
random subsampling cross-validation was
applied. Haplotypes were estimated and assigned
by JMP Genomics.

In this study, since the clinical outcomes cor-
related with each other (mean Rho: 0.43, range:
0.16-0.74), we did not perform a very conserva-
tive Bonferroni correction for multiple testing.
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Instead, a correlation adjusted Bonferroni cor-
rection [101], was applied (o = 0.02). As linkage
disequilibrium was extremely high between
the COMT SNPs (D’ = 0.99), no additional
multiple testing adjustment was performed. We
also report associations reaching o = 0.05 as
nominally associated.

Results
Participants were primarily non-Hispanic Cau-
casian (of white or European ancestry) children
with slightly more gitls than boys. The majority
of participants were between 7 and 11 years of
age. All four COMT SNPs were common with
minor allele frequencies ranging from 0.37 to
0.48, and all were in HWE. Demographic data
and intraoperative and total morphine require-
ment (mean + standard deviation) are summa-
rized in Tase 1. Allelic and genotype frequencies
of the four COMT SNPs are shown in Taste 2.
A relationship was observed between post-
operative rescue analgesic intervention need and
COMT genotypes, with the minor allele car-
riers having a larger proportion of individuals
requiring postoperative rescue analgesic inter-
vention (Taste3). After adjusting for ancestry and
intraoperative morphine, significant association
of intervention need was detected with all four
COMT SNPs (p-value range: 0.0031-0.0127;
odds ratio range: 2.6-3.1, Ficure 1). Cross-val-
idation supported the validity and stability of
these findings. Children with the CC genotype
of the COMT SNP rs4818 compared to minor

allele carriers demonstrated a trend towards

Table 1. Demographic characteristics.

Characteristic

Age (years), median (IQR)
Weight (kg), median (IQR)
Sex, n (%)

Female

Male

Race, n (%)

White

Non-white

OSA

Yes, n (%)

No, n (%)

Total morphine requirement (mg/kg), mean + SD

Intraoperative morphine requirement (mg/kg), mean + SD

IQR: Interquartile range; OSA: Obstructive sleep apnea, SD: Standard deviation.

Value
(total n = 149)
8.4 (71-11.2)

36.1(26.5-51.4)

80 (54)
69 (46)

121 (81)
28 (19)

68 (46)
81 (54)
0.19 + 0.06
0.25+0.08

increased postoperative morphine requirement
(p = 0.07; Tasee 3).

Another analgesic outcome exhibiting signifi-
cant association was maximum FLACC score.
One SNP (rs4633) exhibited significant associa-
tion and two others (rs6269 and rs4680) exhib-
ited nominal association (Tas.e4). NRS, duration
to PACU discharge readiness and prolonged stay
in PACU due to pain were not associated with
the COMT SNPs (p > 0.05).

Haplotype analyses showed that Haplotype 1
(ATCA: 51.3%) and Haplotype 2 (GCGG:

Table 2. COMT alleles and genotypes.

SNP Allele Genotype HWE test
Allele Count  Frequency Genotype Count Frequency (p-value)
rs6269 A 175 0.59 A/A 49 0.33 0.42
G 123 0.41 A/G 77 0.52
G/G 23 0.15
rs4633 C 142 0.48 C/C 30 0.20 0.21
156 0.52 c/T 82 0.55
T 37 0.25
rs4818 C 189 0.63 Cc/C 58 0.39 0.49
109 0.37 C/G 73 0.49
G/G 18 0.12
rs4680 A 154 0.52 A/A 38 0.26 0.56
G 144 0.48 A/G 78 0.52
G/G 33 0.22
Four COMT polymorphisms were tested, allelic frequency and HWE from the study cohort are reported.
HWE: Hardy—Weinberg equilibrium.
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Table 3. Morphine need, pain outcomes and time in postanesthesia recovery unit stratified by COMT

genotypes.

SNP comTt
genotype

rs6269 AA
GA'
GG’
cct
T
T
CcC
CcG'
GG’
AA
AG'
GG'

rs4633

rs4818

rs4680

n

49
77
23
30
82
37
58
73
18
38
78
33

*Genotypes carrying minor allele.
FLACC: Face, Leg, Activity, Cry and Consolability; IQR: Interquartile range; NRS: Numerical Rating Scale;

Postoperative Prolonged

Postoperative

analgesic PACU stay morphine
intervention due to pain requirement,
need (% yes) (% yes) mg/kg
(mean = SD)
45 24 0.04 + 0.05
70 38 0.07 £ 0.06
74 35 0.07 + 0.06
70 33 0.07 + 0.06
68 38 0.07 £ 0.07
43 22 0.03+0.04
50 29 0.05 +0.07
71 37 0.06 + 0.05
67 28 0.06 + 0.05
45 24 0.04 £ 0.05
68 37 0.07 £ 0.07
70 33 0.06 + 0.06

Maximum Maximum  Time to PACU

FLACC score, NRS score, discharge

median (IQR) median readiness, min
(IQR) (mean = SD)

2 (0-4) 6 (2-8) 104.7 +41.3

4(1-6) 6 (3-8) 104.6 + 50.6

4 (1-6) 6 (2-8) 92.6 +30.8

4 (1-6) 6 (2-8) 93.2 +28.7

4 (0-6) 6 (3-8) 107.3 £ 52.6

2 (0-3) 6 (2-8) 100.4 + 36.0

2 (0-5) 6 (3-8) 1049 +42.2

3 (1-5) 6 (4-8) 104.7 £ 49.9

3(1-6) 6 (2-7) 879 +28.8

2 (0-4) 6 (2-8) 100.1 +£35.5

4(0-6) 5(3-8) 107.9 + 539

3(1-6) 6 (3-9) 93.6 +27.7

PACU: Postanaesthesia recovery unit; SD: Standard deviation.

36.2%) are more frequent (Tase 5). Single haplo-
type association tests were carried out on con-
tinuous pain outcomes (Taece 5). Nominal asso-
ciation was detected between Haplotype 1 and
Haplotype 2 with intravenous analgesic inter-
vention need in PACU, with opposite effects.

rs6269 . -
AG+GG vs AA ® | 3.1(14-6.6)
rs4633 | . g
TC+CCvsTT | ® | 3.0 (1.3-6.8)
A ’ ® | 2.6 (1.3-5.5)
CG+GG vs CC
s4680 | | ° | 28(12-62)
AG+GG vs AA
U J T T T T
1 3 4 5 6 7 8

Odds ratio (95% CI)

Figure 1. Relationship between postoperative intravenous rescue analgesic
intervention need and COMT genotypes (grouped as minor and major
alleles). The minor allele carriers had a larger proportion of children requiring
postoperative rescue analgesic intervention (~threefold increase). After adjusting
for ancestry and intraoperative morphine, significant associations of higher
intervention need (odds ratio range: 2.6-3.1) were detected with all four COMT
SNPs (p-value range: 0.0031-0.0127).

This is consistent with our single SN associa-
tions. Haplotypes 4 and 5 are associated with
postoperative morphine requirement. In the
single SNP association test, postoperative mor-
phine requirement was associated with rs4818.
The haplotype association could be due to seg-
regation of rs4818 genotypes. Haplotypes 4,
5 and 6 are too rare to develop stable statisti-
cal models. Children that are homozygous for
Haplotype 1 had lower incidence of intravenous
analgesic intervention need in PACU. Hetero-
zygous Haplotypes 1 and 2 and homozygous
Haplotype 2 were comparable and they had
higher intravenous analgesic intervention need
in PACU than homozygous Haplotype 1. This
is consistent with the single SNP association
tests. Haplotype 2 was associated with odds of
higher intravenous analgesic intervention need
in PACU with an odds ratio of 2.6 (95%CI:
1.2-5.4; p-value = 0.022).

Discussion

Pain is a complex experience with sensory, emo-
tional and cognitive components [4]. Morphine,
one of the most commonly used opioids, has a
narrow therapeutic index and large interpatient
variability in both analgesic responses. Genetic
variations in the gene coding for COMT have
been suggested to affect clinical and experi-
mental pain-related phenotypes (4. Our find-
ings indicate that COMT genetic variation is
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orthopedic surgery, postoperative pain scores

o
w . aye .
> 8 2 o |lo < during mobilization were lower for GG geno-
) ~ —
S T M 8 N o @ ®© o0 type than AA and GA genotypes of the COMT
< y g y
o T Q o o o o o o K
o 5= polymorphism Vall58Met [18]. Another recent
2 SR S (A B . . i . .
c ; 4= < o) ) ~N - m trial comparing 68 Latino and non-Latino chil-
o o 1S " o ™ N m N .. . .
55T o 0 | N N P © dren showed a statistically significant difference
© N | ™ o . .
55 g © ~ ©° I 32 in morphine’s response; however, none of the 28
= <t \J — ~N < n . . . . .
Q.2 T I gl ANV RO U enetic polymorphisms examined in this study,
© S n o o o < o~ & boly v
5 5 9 4 0SS 5 e including COMT gene polymorphisms, could
explain the ethnicity-related differences in mor-
" phine’s response, this is probably because of the
g=. 3 3 3 limited sample size and the heterogeneous eth-
= ™ o ™ S M m .. .
<2 2 © = © S o = nicity of the study population [17]. Recently, the
o Q o o o o o o . .
o g‘ 158A>G variant in the COMT gene (rs4680),
ES IS specifically the AG/GG genotype was associated
Q o = - 3 y y
2 £ o o iy o 9 m with shortened length of stay and less treatment
2 =) o pt —~ o 5 . .
S £ X 4 T 9 59 with two or more medications than the A4 gen-
(] o~ - o~ . . .
Q.= N 2 < o ] . O otype among infants with neonatal abstinence
o> 5o < o pd o S 3 y g
g Tteo T < S 2 syndrome caused by in utero opioid exposure,
e = Lin S S ) 8 © 3 roviding early insights into the mechanisms
525 5 3 2 <3 ProvICIng carly ISFhts tito :
underlying neonatal opioid withdrawal [7]. This
COMT variant has a minor allele frequency of
< g approximately 50% in Caucasians (in our study
—
8- g o~ 3 © 2 S~ population it was 48%) and has been associated
g Q o o o o o o with responses to pain and morphine dosing
S0 S & g s a ® requirements in adults [29].
w5 o ~N ™M e} — O .
o = = = = ~Nom In our study, although both the pain measures
Ea o I | | | Lo Y g
g N 3 N4 S Q 3 RS of NRS and FLACC are validated measures, only
'5 te S S 2 e eS¢ FLACC exhibited an association with COMT
@ 00 o) — . . . . ..
s & we 3 & & 8% g genotyping. The failure to identify associations
w o — o — — - . . .
= N with NRS could be because the NRS is a subjec-
9] . . L
2 tive measure of pain versus FLACC, which is a
O . . . . .
= g relatively objective measure of pain. Clearly, addi-
Yo S y obj Y;
= e 5 b tional studies should examine the relationship
<
i :".’-1.u $ A £ 2 3 RN g of NRS with FLACC to better understand the
E ERE © |© |© (@ |°e|° 5 5 factors that may influence differential reporting
© = o . . .
e e - R~ s g of postoperative pain in children.
o2 T ©® © 4 2Q o <
&8 =7 T ¥ 7T T 3 S : :
5 g o2 9o 4 2 9w~ W g Conclusion & future perspective
= X =2 S 2 = NN e) > NN . ..
[ % h o - X T o = £ & 8 By demonstrating an association between mor-
a N ) — : ! 1= .3 . & 5 . .
B C (- |° ™ e~ g &ds 7 phine need after surgery and COMT genetic
= 8= g . .
5 °8% 38 variation, this study contributes to a greater
c Q [SI o . . . .
% s 3 n |< 2 % Eé 5 understanding of the underlying genetic basis
= t o § g = o N o© g SuTEy o of why children vary in their sensitivity to pain
Q ) - [ — QoS gl = . . .
% 2 a o o S S S £5% 4 gé g and postoperative analgesia. It provides essen-
< o O 3 . .. .
> g 5 « N < =Y é S8 g 2 tial preliminary supportive results toward estab-
b= ] = — —~ o~ ~ 4 TS cc S L L.
gcoc O o = © ~ TN 28%gve ¢ lishing associations between COMT genotypes
Q= T = 7 m — — — ToRBoSEE B . b
2 é, g S & & & &4 E S §E 2 g§§ and postoperative pain and opioid use related
N . . .
ki S 2 At S e S 2 359292836 outcomes in children. It is important to note,
o g I o 0 © o + o S,E858885x .
a5 <2 S = S pud S = T qé‘% g dé;;‘g however, that, besides COMT, many genes
B 0T EE . )
S2ROC gL may influence morphine’s effects, and mor-
— s} [P S . 5 . . . o e
= S 5988559 hine’s pharmacokinetics. While variations at
o > SSEEREEY P
v Z ~ € oo ow S u .
g e < v o © o X3 i_& 88589 the COMT gene have been shown to influence
° 3 S R g:) 3 L:) Y v s ~g§§§_§ g pain sensitivity and postoperative morphine
o — . . . . . .
2 g HD O3 Ug UR @ 28335830 need in children, postoperative pain and opioid
O = | = | O 7= | | T TS ’
TE <L V8 <C VY € « OEXII=ID

responses could be influenced by many different

282 Pharmacogenomics (2014) 15(3) future science group fsg



COMT genotype & postoperative pain in children

genes [15,1718,30). Large clinical trials having
adequate power for population stratification to
study simultaneously multiple genes potentially
affecting pain and opioid responses along with
gene—gene interactions over longer postoperative
course in future will contribute to the essential
foundation for genotype-directed analgesic
selection and dosing to maximize pain relief
while improving patient safety by minimizing
serious side effects.

Trial registration

This clinical trial veflects a portion of a larger study, Per-
sonalizing Perioperative Morphine Analgesia in Children,
NCT01140724, registered at clinicaltrials.gov.
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Executive summary

COMT gene

minimizing serious side effects.

Interindividual differences in postoperative pain & opioid requirement are associated with common polymorphisms of

= Genetic variants of COMT play a role in interindividual variations in postoperative pain perception and postoperative morphine
requirements in children undergoing adenotonsillectomy.

= Minor allele carriers of COMT polymorphisms (rs6269, rs4633, rs4818 and rs4680) were approximately three-times more likely to
require analgesic interventions than homozygotes of major alleles (odds ratio range: 2.6-3.1; p-value range: 0.0031-0.0127).

= Haplotype 2 (GCGG: 36.2%), which was the second most common haplotype of these four COMT SNPs was associated with higher
odds of intravenous analgesic intervention need in PACU with an odds ratio of 2.6 (95% CI: 1.2-5.4; p = 0.022).

Interindividual difference in postoperative pain & postoperative analgesic requirement is caused by multiple factors

= Besides COMT genetic variations, other genetic and nongenetic factors, and gene—gene interactions might contribute to variations in
surgical pain perception and analgesic requirement in the perioperative period.

= Large clinical studies to simultaneously study COMT and multiple other genes affecting pain and opioid responses will contribute to the
essential foundation for genotype-directed analgesic selection and dosing to maximize pain relief while improving patient safety by
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