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Precision medicine is ammunition for anesthesiologists to
improve patient outcomes during the perioperative period:

genetic variability of beta-blockers and opioids
Christopher Spencer s Jianjun Yang, Zhiyi Zuo

[Abstract] The evolving practice of precision medicine allows physicians to make disease treat-
ments and prevention decisions based on a patient’s individual genetic and molecular profile. In recent
years, gene sequencing and related techniques are becoming more affordable and more accessible to
healthcare providers, and their use in various medical fields continues to expand. In particular, there
are numerous opportunities for the use of precision medicine in the perioperative setting. For example,
individual polymorphisms in alpha and beta adrenergic receptors can improve the efficacy of beta
blockade, or predispose a patient to adverse drug reactions including hypotension and bradycardia.
Likewise, particular polymorphisms in opioid receptors can increase or decrease the effectiveness of
various opioid medications for achieving adequate postoperative analgesia. In addition, mutations in
the cytochrome P450 2D6 (CYP2D6) enzyme can drastically affect the clinical response to a particular
subset of beta blockers and opioids by accelerating or decelerating their metabolism and clearance.
Preoperative genetic testing would allow anesthesiologists to identify these and other relevant molecu-
lar characteristics in their patients, and choose appropriate perioperative therapies accordingly in order
to maximize clinical outcomes while minimizing the incidence of adverse events. It is the time for anes-
thesiologists and perioperative care providers to practice precision medicine.
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The Development of Precision Medicine

The Philadelphia Chromosome and its association with
chronic myeloid leukemia (CML) were first described in
1960 by observation of chromosomal structures under a mi-
croscopel?, and later characterized as a reciprocal transloca-
tion using chromosomal banding techniques in 19731, Its
gene product, the breakpoint cluster region-Abelson murine
leukemia viral oncogene homolog (BCR-ABL) protein, is a
constitutively expressed tyrosine kinase that activates a
cellular signaling cascade, which leads to unregulated cell di-
vision and inhibition of DNA repair®®. In the 1990’ s, a
group of scientists in Switzerland used high-throughput
screening of chemical libraries to identify a drug that could

. After refinement

inhibit the hyperactive BCR-ABL protein
and testing they ultimately developed the chemotherapeutic
agent imatinib, which was FDA approved in 2001 for the
treatment of CML. Since the use of imatinib and other targe-
ted treatments, the 5-year survival rate for CML has doubled
from 31% for people diagnosed in the early 1990 s to 63%
for those diagnosed between 2005 and 2011. Moreover, the
5-year survival rate for patients consistently taking imatinib
has been 90 %",

The development of imatinib and its use in the treatment
of CML represent one of the earliest examples of the use of
medical therapy targeted to a patient’ s specific genetic
profile, and embodies a broader approach to medicine, which
has progressively become more focused on individual patients
rather than populations. Driven by the success of the human
genome project, explosive growth in new diagnostic technol-
ogies has been seen in the last two decades. As technology
has continued to advance. so has our ability to identify
genetic and bio-molecular variations not only between disease
processes, but also between individual patients. Genotyping
can be performed to look for particular variations of known
genes, or exome sequencing can be done to identify only pro-
tein-coding genes. Indeed. even the cost of sequencing an in-
dividual’ s entire genome has dropped from $ 50 million in
2003 to under $ 1,000 in 2016, and can now be performed in
just one day"*,

Healthcare providers now find themselves faced with a
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new challenge: how to use these novel technologies to
provide better care for their patients, to improve outcomes,
and to maintain cost-effectiveness at a population level. The
term precision medicine has recently emerged to describe the
evolving practice of disease treatment and prevention that
takes into account individual genetic and molecular variations.
It involves the integration of molecular and clinical data from
individual patients in order to develop a more accurate taxon-
omy of diseases, which can subsequently be used to enhance
diagnosis, disease progress prediction and treatment.l”. In
2015, U. S. President Barack Obama established a new
framework for the development and application of precision
medicine called the Precision Medicine Initiative (PMI). This
initiative was backed by a $215 million investment to
support research, development, and innovation in the field of
precision medicine, and included: $ 130 million to the Na-
tional Institutes of Health (NIH), U.S.A., for development
of a voluntary national research cohort of a million or more
volunteers to propel our understanding of health and disease;
$ 70 million to the National Cancer Institute, which is also
part of NIH, to scale up efforts to identify genomic drivers in
cancer and apply that knowledge in the development of more
effective approaches to cancer treatment; $ 10 million to the
Federal Drug Administration to acquire additional expertise
and advance the development of high quality, curated data-
bases to support the regulatory structure needed to advance
innovation in precision medicine and protect public health;
and $ 5 million to the Office of the National Coordinator to
support the development of interoperability standards and re-
quirements that address privacy and enable secure exchange
of data across systems.".

Many examples now exist of the use of precision
medicine in patient care, with varying degrees of success. For
example, ivacaftor was developed as a treatment for cystic fi-
brosis patients with the G551D mutation, and works by
binding to the non-functional chloride channel in such a way
as to facilitate non-conventional gating in order to increase
chloride transport through the channel™. Another pharma-
ceutical agent, trastuzumab, was developed to target a
specific oncogene product (much like imatinib) , human epi-

dermal growth factor receptor 2 (HER2) receptor found in a
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[10] " Precision medicine was

particular subset of breast cancers
used in both of these cases to create unique medical products
for an individual group of patients, but more often it entails
the selection of what is likely to be the most appropriate
therapy from an array of existing options. In particular, cer-
tain mutations in cytochrome P450 enzymes can be used to
predict warfarin and clopidogrel sensitivity and specific muta-
tions associated with thoracic aortic aneurysms can help de-
termine appropriate thresholds for surgical intervention™'J.
New research and new discoveries continue to facilitate our a-
bility to tailor medical therapies to each individual patient,
and new technologies in molecular biology and information
technology continue to make that process more streamlined
and affordable. In the following sections. we describe two ex-
amples that are applicable to the perioperative period for an-

esthesiologists and perioperative care providers to improve

patient care.
Precision Medicine in the Perioperative Period: Beta-Blockers

Precision medicine is often thought of in the context of
malignancy and other chronic disease. Approaches to
precision medicine have, in these cases, been used to identify
novel therapeutic targets or susceptibilities to particular med-
ical therapies with the general goal of prolonging survival or
improving chronic morbidity. Perioperative medicine, in con-
trast, is practiced within a short-time course immediately be-
fore, during, and after surgery. However, new research con-
tinues to suggest that there are nevertheless opportunities to
improve patient outcomes in the perioperative period through
the use of precision medicine.

One such example involves the use of perioperative beta
blockade to reduce the incidence of adverse cardiac events and
cardiac mortality in patients undergoing non-cardiac surgery.
Systemic sympathetic activity is increased under surgical
stress, leading to increased heart rate, contractility, and my-
ocardial oxygen consumption. The purpose of beta blockade
is to attenuate this response in order to reduce the risk of is-
chemia for high risk patients during the perioperative period,
and was originally supported by data from Mangano et al. in
1996, which demonstrated that perioperative atenolol
reduced perioperative myocardial ischemia by 50% . and the
incidence of cardiac death by 10% "%, The DECREASE trial,
which was published in 1999, identified 112 patients with
stress-induced ischemia during dobutamine echocardiography
who were undergoing high risk vascular surgery, and ran-
domized those patients to receive bisoprolol starting one week

before surgery and extending 30 days post-operatively com-

pared with standard care™™. The results included a 13.6%

reduction in 30-day cardiac death in the bisoprolol group
(3.4%) compared to the control group (17%) . as well as a
17% reduction in non-fatal MI (0% wvs. 17%). These
findings prompted liberal use of beta blockade in the periop-
erative setting, especially for patients with multiple cardiac
risk factors as measured by the Revised Cardiac Risk Index
(RCRD™, Of note, the DECREASE trials are found to vio-
late ethical and scientific standards and the leading
researcher, Don Poldermans, was found to commit scientific
misconduct and was dismissed from his position at Erasmus
Medical Center in Netherlands.

Those results were more recently complicated by the
POISE trial, in which researchers randomized 8351 patients
with atherosclerotic disease undergoing non-cardiac surgery
to receive either metoprolol or placebo two to four hours be-
fore surgery followed by another dose zero to six hours after
surgery and then daily for 30 days postoperatively. They
found a modest 1. 1% reduction in cardiovascular death, non-
fatal MI, and non-fatal cardiac arrest in the metoprolol group
(5.8%) compared to the control group (6.9%) . along with
a statistically significant increase in total mortality and stroke
(3.1% vs. 2.3% and 1% vs. 0. 5% respectively)'*],

Perioperative beta blockade remains a controversial
topics but what is now being discovered is the considerable
inter-individual genetic variability in adrenergic receptors and
enzymes involved in the metabolism of beta blockers, and
how those differences may affect the clinical response to
pharmacologic therapy.

Cardiac B; adrenergic receptors, when stimulated by an
appropriate ligand, affect a downstream signaling cascade
that results in the activation of adenylyl cyclase, which ulti-
mately increases cardiac inotropy and chronotropy. Thus,
mutations that alter the B, receptor functionality could poten-
tially alter the physiologic response to receptor blockade. For
example, the frequency of B, Arg389 is approximately 70%
in Caucasians and 50% in African-Americans, compared to
30% and 50%, respectively, for the B, Gly389 polymor-
phism"*', However, the B; Arg389 polymorphism results in
three-fold greater agonist-induced stimulation of adenylyl cy-
clase compared to 8, Gly389, greater basal cardiac contractili-
ty, and more pronounced beta-blocker responsivenesst'’.
Moreover, this particular mutation confers an improved mor-
tality outcome in response to beta blockade with bucindolol
for heart failure patients!'®!.

Beta, adrenergic receptors, which are primarily

expressed on smooth muscle cells of the airway and vascula-
ture, also have a limited presence on cardiac myocytes. The

functionally  distinct  B,1lel64  polymorphism  causes
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uncoupling of agonist-induced adenylyl cyclase stimulation
and is associated with decreased exercise capacity and

L9 Furthermore,

increased mortality in heart failure patients
B: adrenergic receptor polymorphisms at positions 79 (C to
G) and 47 (G to A) have both been shown to be independ-
ently associated with improved mortality in acute coronary
syndrome patients discharged on beta-blockers!?*.

Alphayy and asc adrenergic receptors located at the pres-
ynaptic nerve terminal inhibit the release of norepinephrine
when activated by endogenous catecholamines, such as epi-
nephrine; whereas presynaptic f; receptors facilitate the re-
lease of norepinephrine. Their native expression helps to reg-
ulate activation of post-synaptic B; and B, receptors on the
cardiac myocytes, which act to increase inotropy and chro-

L6]  As competitive antagonists at beta adrenergic re-

notropy
ceptors, the function of beta blockers is partially dependent
on the presence of a beta agonist to antagonize, which is why
their effectiveness can be altered by mutations in presynaptic
a, receptors. For example, the ays Lys251 allele is found in
4% of African-Americans and 0. 4% of Caucasians, and has
been shown in functional studies to result in a 50% increase

217 This mutation results in decreased norepi-

in function
nephrine release compared to the more common azy Asn251
allele, which could potentially lead to an exaggerated beta
blocker response. In contrast, approximately 40% of
African-Americans and 3% of Caucasians have an asc
receptor coding polymorphism that results in a 12 nucleotide
in-frame deletion, which results in nearly complete loss of
functiont, This asc Del322-325 polymorphism is associated
with increased norepinephrine in the cardiac presynaptic
cleft, which significantly diminishes the antagonistic effects
of beta blockers, and has been shown to increase overall risk
of heart failure and to significantly reduce the survival benefit
of beta blockers in heart failure patients™*,

In addition to the genetic polymorphisms that alter the
molecular function of adrenergic receptors themselves, poly-
morphisms in the genes which code for the enzymes involved
in the metabolism of beta blockers can also affect the phar-
macokinetics and ultimately the physiologic effects of beta
blocker therapy. The hepatic cytochrome P450 2D6
(CYP2D6) enzyme, in particular, is responsible for phase-1
metabolism of most beta-blockers including metoprolol,
carvedilol, propranalol, and labetalol, and has almost 100
known variants in the human population. These variants are
grossly classified into 4 groups: ultra-rapid metabolizers, ex-
tensive metabolizers, intermediate metabolizers, and poor

24

metabolizers'?"). Studies have demonstrated an increased risk

of developing bradycardia and hypotension in patients with

CYP2D6 poor metabolizer phenotypes who were treated with

metoprolol™/, Furthermore, the use of beta-blockers such as
atenolol which are not metabolized by the CYP2D6 enzyme is
mortality out-

associated with improved perioperative

comes?*,

Further studies will be needed in order to definitively
characterize the impact of genetic variations on perioperative
outcomes with respect to beta blockade. However, the
current data suggest that numerous polymorphisms could af-
fect the efficacy and potential side effect profile of beta block-
ers. As genetic testing becomes cheaper, and as our under-
standing of these genetic features develops, we may someday
be able to screen high-risk individuals for particular genetic
make-ups in order to determine the optimum pharmacologic

strategy for preventing adverse perioperative cardiac events.

Precision Medicine in the Perioperative

Period: Opioids

Another area where anesthesiologists may be able to use
precision medicine to improve outcomes involves the use of
opioid therapy in the perioperative setting. Independent pre-
dictors of postoperative pain include preoperative pain, pre-
operative anxiety, age, surgical procedure, and preoperative
pain threshold and tolerance levels as measured by
quantitative sensory testing!””’. However, despite the utiliza-
tion of common anesthetic strategies 20%-40% of patients
still report severe postoperative pain, and 5% go on to devel-
op severe persistent pain that leads to some level of chronic
disability!®!. Opioids remain the mainstay of postoperative
analgesia, and are used in 72% of surgical cases. Moreover,
opioid doses required to achieve adequate postoperative anal-
gesia can vary as much as 40-fold, and have traditionally

t121, Furthermore, liberal opioid use is

been difficult to predic
constrained by a considerable side effect profile that notably
includes sedation, dizziness, nausea, vomiting, constipation,

physical dependence, tolerance, and respiratory depres-

sion"7,

Much like the genetic variations that can affect the phys-
iology of beta-blockade, genetic variations that affect a pa-
tient” s response to opioid therapy include mutations in the
genes that code for individual opioid receptors as well as mu-
tations in genes that code for the enzymes involved in the me-
tabolism of various opioids, although the perception of pain
is further complicated by modulation of nociceptive inputs
within the brainstem and cortical circuits™®. For example,
the analgesic efficacy of drugs that act on the mu-opioid re-
ceptor has been linked to a single nucleotide polymorphism at

position 118 of the opioid receptor mu 1 (OPRM1) gene,
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which encodes the mu-1 receptor. The frequency of the
variant G allele varies from 10% to 48% depending on the
population, with overall genotype frequencies of 31.3% for
the AA allele, 58.3% for the AG allele, and 10. 4% for the
GG allele having been reported™?). Specifically, the GG gen-
otype has been shown to be associated with much higher opi-
oid requirements to achieve postoperative pain relief, as well
as chronic cancer pain relief**), Similarly, a study on intrath-
ecal opioid analgesia showed improved response to intrathecal
fentanyl in parturients with the OPRM1 304 G allele®*.
Variations in the opioid receptor kappa 1 (OPRKI1) gene,
which codes for the kappa-opioid receptor, have also been as-
sociated with variations in postoperative and chronic pain lev-
els'*®). Interestingly, mutations in OPRM1, OPRKI1, and
opioid receptor delta 1 genes have also been associated with
alcohol and opioid abuse and addiction™*®-*™,

Enzymes directly involved in the metabolism of opioids
include phase-1 oxidation enzymes from the P450 family,
such as CYP2D6. phase-2 conjugation enzymes such as
uridine diphosphate glucuronyltransferase ( UGT ), and
phase-3 membrane transporters, such as multidrug resistance
protein (MDR1)% | The CYP2D6 enzyme is responsible for
the biotransformation of codeine into morphine and hydroc-
odone into hydromorphone, both of which are far more
potent than their parent compounds. Patients who fall into
the CYP2D6 ultra metabolizers group can have dangerously
high levels of morphine after standard doses of codeine”*,
and patients identified as extensive metabolizers have
improved pain relief from hydrocodone compared to poor me-
tabolizers and extensive metabolizers who are pretreated with
a CYP2D6 inhibitor'”!., The UGT2B7 enzyme metabolizes
morphine into both morphine-6-glucuronide, a potent analge-
sic, and morphine-3-glucuronide that is associated with
opioid-induced hyperalgesia, the UGT2B7-840G allele in par-
ticular is associated with reduced glucuronidation of morphine

L) Lastly, mutations in

and highly variable hepatic clearance
the MDR1 protein, which codes for a membrane transporter
found in the liver, have also been associated with various de-
grees of opioid responsiveness and adverse drug reactions.
Specifically, the 3435C>T mutation decreases transporter
function and is associated with increased respiratory
depression from fentanyl?’, and combining this genotype
with the OPRMI1 A80G single nucleotide polymorphism
allows detection of response to morphine therapy (strong re-
sponders, intermediate responders, and non-responders)
with close to 100% sensitivity and 70 % specificity**.

Other genes that are not directly involved in the metabo-

lism of opioids can still affect postoperative pain levels and

associated opioid requirements. For example, catechol-O-
methyl transferase (COMT) is primarily involved in cate-
cholamine metabolism, but patients who are homozygous for
the COMT-Vall58Met polymorphism show a diminished
mu-opioid mediated response to pain and a decreased
morphine requirement for analgesiat'?’. Another gene,
calcium voltage-gated channel subunit alpha 2 delta 2,
encodes a voltage dependent calcium channel that interacts
with the G-protein of the mu-opioid receptor, the GG allele
of which is found more frequently in patients with a high sen-
sitivity to remifentanil™**). Patients with SA/SA and SA/LG
genotypes of the serotonin transporter also experience im-
proved analgesic response to remifentanil compared to those

with the LA/LA genotype!*/,
Conclusions

The clinical implications of genetic variability in the
perioperative setting are significant and under-recognized,
owing largely to our limited historical capacity for mapping a
patient’s individual genetic profile. However, recent develop-
ments in gene sequencing technology have allowed greater ac-
cess to genetic testing across a multitude of medical fields,
and are facilitating the application of precision medicine to
more disease processes than ever before. Inclusion of genetic
testing as part of a patient’ s preoperative workup would
allow anesthesiologists to select therapies that are tailored to
each individual patient in order to optimize therapeutic
efficacy and limit adverse drug reactions. For example. a pa-
tient with an elevated cardiac risk who also expresses a
CYP2D6 poor metabolizer phenotype may benefit from beta
blockade with atenolol, which is not metabolized by
CYP2D6, rather than metoprolol in order to reduce the risk
of bradycardia and hypotension. High risk patients with the
asa Lys251 allele might benefit from low dose beta blockers;
whereas high risk patients with the 8, Arg389 polymorphism
might be expected to respond well to standard beta blockers
at standard doses. Similarly. the presence of the OPRM1 GG
genotype might be used to predict postoperative narcotic
needs with the expectation that standard narcotic doses might
be insufficient to achieve adequate analgesia. Further studies
will be needed to test these hypotheses, and to determine the
effects these genetic variables might have on perioperative
outcomes. Moreover, further pharmacogenomic studies will
be needed in order to identify other genes that might play a
role in the pharmacodynamics and pharmacokinetics of com-
mon perioperative drugs. Genetic testing is still relatively ex-
pensive and must be weighed against the incidence and overall

cost of adverse perioperative outcomes that might be avoided
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with appropriate preoperative testing. However, we will e-
ventually come to a point when we no longer ask ourselves
whether we can afford to use precision medicine to guide
perioperative therapies, but rather whether we can afford not
to. Anesthesiologists and perioperative care providers shall
learn the knowledge and be prepared to practice precision
medicine to improve the outcome of our patients. Precision
medicine is not far away from us. It is just with us.

Grant support: This paper was supported by the Robert
M. Epstein Professorship endowment, University of
Virginia, Charlottesville, VA.

Competing interests: The authors declare no competing

interests.
References

[1] Nowell PC, Hungerford DA. A minute chromosome in
chronic granulocytic leukemia. Science, 1960, 132. 1497.

[2] Rowley JD. A new consistent chromosomal abnormality in
chronic myelogenous leukaemia identified by quinacrine fluo-
rescence and Giemsa staining. Nature, 1973, 243 (5405):
290-293.

[3] Rana A, Shah SH, Rehman N, et al. Chronic myeloid leuke-
mia: Attributes of break point cluster region-ableson (BCR-
ABL). J Cancer Res Exp Oncol, 2011, 3(6): 62-66.

[4] Druker BJ, Tamura S, Buchdunger E, et al. Effects of a se-
lective inhibitor of the Abl tyrosine kinase on the growth of
Ber-Abl positive cells. Nat Med, 1996, 2(5): 561-566.

[5] Hochhaus A, Larson RA, Guilhot F, et al. Long-term out-
comes of imatinib treatment for chronic myeloid leukemia.
New Engl J Med, 2017, 376(10) . 917-927.

[6] Berg ]S, Agrawal PB, Bailey DB, et al. Newborn sequencing
in genomic medicine and public health. Pediatrics,

2017 e20162252.

[7] Ashley EA. Towards precision medicine. Nat Rev Genet,
2016, 17(9): 507-522.

[8] Ashley EA. The precision medicine initiative; a new national
effort. JAMA, 2015, 313(21): 2119-2120.

[9] Eckford PD, Li C, Ramjeesingh M, et al. Cystic fibrosis
transmembrane conductance regulator ( CFTR) potentiator
VX-770 (ivacaftor) opens the defective channel gate of
mutant CFTR in a phosphorylation-dependent but ATP-inde-
pendent manner. J Biol Chem, 2012, 287(44): 36639-36649.

[10] Mates M, Fletcher GG, Freedman OC, et al. Systemic targe-

ted therapy for her2-positive early female breast cancer: a

systematic review of the evidence for the 2014 Cancer Care

Ontario systemic therapy guideline. Current Oncol, 2015, 22

(Suppl 1): S114-S122.

[11] Shah RR. Gaedigk A, LlLerena A, et al. CYP450 genotype

and pharmacogenetic association studies: a critical appraisal.

Pharmacogenomics, 2016, 17(3) . 259-275.

[12] Mangano DT, Layug EL. Wallace A, et al. Effect of atenolol

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

on mortality and cardiovascular morbidity after noncardiac
surgery. Multicenter Study of Perioperative Ischemia Research
Group. N Engl ] Med, 1996, 335(23): 1713-1720.
Poldermans D, Boersma E, Bax JJ, et al. The effect of biso-
prolol on perioperative mortality and myocardial infarction in
high-risk patients undergoing vascular surgery. Dutch Echo-
cardiographic Cardiac Risk Evaluation Applying Stress Echo-
cardiography Study Group. N Engl J Med, 1999 (24), 341.
1789-1794.

Roshanov PS, Walsh M, Devereaux PJ, et al. External vali-
dation of the Revised Cardiac Risk Index and update of its
renal variable to predict 30-day risk of major cardiac complica-
tions after non-cardiac surgery: rationale and plan for analyses
of the VISION study. BMJ Open, 2017, 7(1): e013510.
Devereaux PJ, Yang H, Yusuf S, et al. Effects of extended-
release metoprolol succinate in patients undergoing non-
cardiac surgery (POISE trial): a randomised controlled trial.
Lancet, 2008, 371(9627): 1839-1847.

Nagele P, Liggett SB. Genetic variation, -blockers. and peri-
operative myocardial infarction. Anesthesiology, 2011, 115
(6): 1316-1327.

Pacanowski MA, Gong Y, Cooper-Dehoff RM, et al. beta-ad-
renergic receptor gene polymorphisms and beta-blocker treat-
ment outcomes in hypertension. Clin Pharmacol Ther, 2008,
84(6): 715-721.

Liggett SB, Mialet-Perez J, Thaneemit-Chen S, et al. A poly-
morphism within a conserved beta (1)-adrenergic receptor
motif alters cardiac function and beta-blocker response in hu-
man heart failure. Proc Nat Acad Sci USA, 2006, 103(30):
11288-11293.

Reddy S, Fung A, Manlhiot C, et al. Adrenergic receptor
genotype influences heart failure severity and B-blocker re-
sponse in children with dilated cardiomyopathy. Pediatr Res,
2015, 77(2): 363.

Lanfear DE, Jones PG, Marsh S, et al. Beta2-adrenergic re-
ceptor genotype and survival among patients receiving beta-
blocker therapy after an acute coronary syndrome. JAMA,
2005, 294(12): 1526-1533.

Small KM, Forbes SL, Brown KM, et al. An asn to lys poly-
morphism in the third intracellular loop of the human alpha
2A-adrenergic receptor imparts enhanced agonist-promoted Gi
coupling. J Biol Chem, 2000, 275(49) . 38518-38523.

Small KM, Forbes SL., Rahman FF, et al. A four amino acid
deletion polymorphism in the third intracellular loop of the
human alpha 2C-adrenergic receptor confers impaired coupling
to multiple effectors. J Biol Chem, 2000, 275 (30):
23059-23064.

Bristow MR, Murphy GA, Krause-Steinrauf H, et al. An al-
pha2C-adrenergic receptor polymorphism alters the norepi-
nephrine-lowering effects and therapeutic response of the
beta-blocker bucindolol in chronic heart failure. Circ Heart

Fail, 2010, 3(1): 21-28.



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

924 -

Ifs R R 2 2 35 2017 4E 9 H 4 33 %55 9 ] Clin Anesthesiol, September 2017, Vol.33,No.9

Varela N, Quinones LA, Stojanova J, et al. Characterization
of the CYP2D6 drug metabolizing phenotypes of the Chilean
mestizo  population  through  polymorphism  analyses.
Pharmacol Res, 2015, 101. 124-129.

Wu D, Li G, Deng M, et al. Associations between ADRBI
and CYP2D6 gene polymorphisms and the response to -bloc-
ker therapy in hypertension. J Int Med Res, 2015, 43(3):
424-434.

Wallace AW, Au S, Cason BA. Perioperative beta-blockade:
atenolol is associated with reduced mortality when compared
to metoprolol. Anesthesiology, 2011, 114(4). 824-836.
Werner MU, Mjobo HN, Nielsen PR, et al. Prediction of
postoperative pain: a systematic review of predictive experi-
mental pain studies. Anesthesiology, 2010, 112 (6 ):
1494-1502.

Gerbershagen HJ. Aduckathil S, van Wijck AJ. et al. Pain
intensity on the first day after surgery: a prospective cohort
study comparing 179 surgical procedures. Anesthesiology,
2013, 118(4): 934-944.

Aubrun F, Langeron O, Quesnel C, et al. Relationships be-
tween measurement of pain using visual analog score and mor-
phine requirements during intravenous
morphine titration. Anesthesiology, 2003, 98(6) . 1415-1421.

Abdel Shaheed C, Maher CG, Williams KA, et al. Efficacy,

postoperative

tolerability, and dose-dependent effects of opioid analgesics
for low back pain: a systematic review and meta-analysis. JA-
MA Inter Med, 2016, 176(7) . 958-968.

Borsook D, Hargreaves R, Bountra C, et al. Lost but making
progress—~Where will new analgesic drugs come from? Sci
Transl Med, 2014, 6(249): 249sr3.

Liu YC, Wang WS. Human mu-opioid receptor gene A118G
polymorphism  predicts  the  efficacy of  tramadol/
acetaminophen combination tablets (ultracet) in oxaliplatin-
induced painful neuropathy. Cancer, 2012, 118 (6 ):
1718-1725.

PecinM, Love T, Stohler CS, et al. Effects of the mu opioid
receptor polymorphism (OPRM1 A118G) on pain regulation,
placebo effects and associated personality trait measures. Neu-
ropsychopharmacology, 2015, 40(4): 957-965.

Landau R, Kern C, Columb MO, et al. Genetic variability of
the influences intrathecal fentanyl

mu-opioid receptor

analgesia requirements in laboring women. Pain, 2008, 139

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

(1): 5-14.
Morrone LA, Scuteri D, Rombola L, et al. Opioids resistance
in chronic pain management. Curr Neuropharmacol, 2017, 15
(3): 444-456.
Butelman ER. Yuferov V., Kreek MJ. kappa-opioid receptor/
dynorphin system: genetic and pharmacotherapeutic implica-
tions for addiction. Trends Neurosci, 2012, 35(10): 587-596.
Nelson EC, Lynskey MT, Heath AC, et al. Association of
OPRDI1 polymorphisms with heroin dependence in a large
case-control series. Addict Biol, 2014, 19(1). 111-121.
Trescot AM, Faynboym S. A review of the role of genetic
testing in pain medicine. Pain Physician, 2014, 17 (5).
425-445.
Kirchheiner J, Schmidt H, Tzvetkov M, et al. Pharmacoki-
netics of codeine and its metabolite morphine in ultra-rapid
metabolizers due to CYP2D6 duplication. Pharmacogenomics,
2007, 7(4) . 257-265.
Nicholson WT, Formea CM. Clinical perspective on the
clinical pharmacogenetics implementation consortium updated
2014 guidelines for CYP2D6 and codeine. Clin Chem, 2015,
61(2): 319-321.
Darbari DS, van Schaik RH. Capparelli EV, et al. UGT2B7
promoter variant-840G > A contributes to the variability in
hepatic clearance of morphine in patients with sickle cell dis-
ease. Am ] Hematol, 2008, 83(3): 200-202.
Clarke H, Katz J, Flor H, et al. Genetics of chronic post-sur-
gical pain: a crucial step toward personal pain medicine. Can J
Anesth, 2015, 62(3): 294-303.
Campa D, Gioia A, Tomei A, et al. Association of ABCB1/
MDRI1 and OPRMI1 gene polymorphisms with morphine pain
relief. Clin Pharmacol Therap, 2008, 83(4): 559-566.
Rhodin A, Gronbladh A, Ginya H, et al. Combined analysis
of circulating beta-endorphin with gene polymorphisms in
OPRM1, CACNAD2 and ABCBI reveals correlation with
pain, opioid sensitivity and opioid-related side effects. Mol
Brain, 2013, 6(1): 8.
Kosek E, Jensen KB, Lonsdorf TB, et al. Genetic variation in
the serotonin transporter gene (5-HTTLPR, rs25531) influ-
ences the analgesic response to the short acting opioid
remifentanil in humans. Mol Pain, 2009, 5(1). 37.

e B #1:2017 - 05 - 05)



