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• Pharmacogenomics is an emerging field which may be used to individualize postoperative pain management.
• CYP2D6 metabolizer status correlated with milligram morphine equivalents of opioids consumed in the 24 h following laparotomy for gynecologic pathology.
• Genes such as OPRM1 and COMT may hold promise for further personalization of opioid prescribing.
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Objectives. The aim of this prospective study was to compare perioperative opioid use in women by status of
CYP2D6, a highly polymorphic pharmacogene relevant to opioid metabolism.

Methods. Patients undergoing laparotomy were prospectively recruited and provided a preoperative saliva
swab for a pharmacogenomic (PGx) gene panel. Postoperative opioid usage and pain scores were evaluated
via chart review and a phone survey. Pharmacogenes known to be relevant to opioid metabolism were geno-
typed, and opioid metabolizing activity predicted by CYP2D6 genotyping. Patient and procedural factors were
compared using Fisher's exact and Kruskal-Wallis tests.

Results. The 96 enrolled patients were classified as ultra-rapid (N = 3, 3%), normal (58, 60%), intermediate
(27, 28%), and poor (8, 8%) opioid metabolizers. There was no difference in surgical complexity across CYP2D6
categories (p = 0.61). Morphine Milligram Equivalents (MME) consumed during the first 24 h after peri-
operative suite exitwere significantly different between groups: ultrarapidmetabolizers had the highest median
MME (75, IQR 45–88) compared to the other three groups (normal metabolizers 23 [8–45], intermediate
metabolizers 48 [20–63], poor metabolizers 31 [12–53], p = 0.03). Opioid requirements were clinically greater
in ultrarapid metabolizers during the second 24 h and last 24 h but were statistically similar (p = 0.07). There
was no difference in MME prescribed at discharge (p = 0.22) or patient satisfaction with pain control (p =
0.64) between groups.

Conclusions. A positive association existed between increased CYP2D6 activity and in-hospital opioid require-
ments, especially in the first 24 h after surgery. This provides important information to further individualize opi-
oid prescriptions for patients undergoing laparotomy for gynecologic pathology.

© 2024 Elsevier Inc. All rights reserved.
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1. Introduction

Gynecologic surgery for both benign andmalignant conditions is as-
sociated with postoperative pain [1]. Inability to adequately control
postoperative pain is a major patient dissatisfier and highlights the
need to identify best practices for perioperative pain control while
also reducing total opioids prescribed [2]. Enhanced Recovery After
of Health and Social Security de ClinicalKey.es por Elsevier en abril 19, 2024. 
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Surgery (ERAS) protocols have revolutionized the perioperative man-
agement of gynecologic patients and includes a multimodal pain man-
agement strategy to reduce opioid requirements [3]. Outpatient opioid
prescribing protocols such as our tiered guideline approach further
reduce opioid administration for the full postoperative period without
affecting patient-perceived pain control or refill rates [4].

While inpatient and outpatient opioid prescribing guidelines are
effective to reduce opioid administration and use in patients with post-
operative pain from gynecologic surgery, true individualization has not
been achieved [4,5]. Pharmacogenomics (PGx) is an emerging field in
individualized medicine concerned with genetic variations in drug-
metabolizing enzymes, transporters, receptors, and drug targets that
may partly explain inter-individual variation in drug efficacy and toxic-
ity [6]. Variation in genes that encode enzymes known to process
opioidsmay result in poor pain control for some patients evenwhen re-
ceiving high doses of opioid medications, with life-threatening adverse
effects from even small doses of the samemedication for others [7]. The
majority of opioid medications used for acute postoperative pain are
known to be processed by enzymes encoded by CYP2D6 and CYP3A4,
with a more recent discovery of OPRM1 and COMT [6,8,9]. CYP2D6
metabolizer status has been shown in prior studies to correlate with
postoperative opioid consumption, pain control, and adverse effects
[5,10,11]. In addition to tiered prescribing and the use of non-opioid
and non pharmaceutical pain relief strategies, pharmacogenomics can
improve individualized post-operative pain control strategies.

The goal of this study is to examine the current and potential future
therapeutic relevance of PGx testing for gynecologic oncology surgical
patients in order to improve patient clinical care with more effective
and efficient prescribing of opioid medications.

2. Methods

This study was approved by the Mayo Clinic Institutional Review
Board. Patients age ≥ 18 with a planned laparotomy for gynecologic pa-
thology were prospectively recruited at a single institution. Patients
provided written informed consent and HIPAA authorization prior to
initiation of any study-specific procedures. Enrollment was set at 100
patients a priori based on available funding for this exploratory pilot.
Analysis was limited to patients who underwent surgery following
study enrollment.

All participants provided a one-time saliva swab for a PGx multi-
gene panel performed in a CLIA-approved/CAP-accredited laboratory
before surgery. Genotyping was performed via a PGx panel including
CYP2D6, CYP3A4, OPRM1, and COMT. Opioid metabolizing activity was
predicted based on phenotypes derived from CYP2D6 genotyping for
each participant. CYP2D6 metabolizer statuses were defined as ultra-
rapid metabolizer, normal metabolizer, intermediate metabolizer, or
poor metabolizer. These groups corresponded with previously defined
CYP2D6 activity scores: ≥2.25 for ultrarapid, 1.25–2 for normal, 0.5–1
for intermediate, and 0 for poor metabolizer statuses [12]. All patients
were managed perioperatively using the Enhanced Recovery After Sur-
gery (ERAS) protocol at our institution [4,13]. Supplemental Table S1
shows full details in the RECOvER checklist format [14]. For pain control,
this protocol includes preoperative administration of acetaminophen
and celecoxib and postoperative wound infiltration with bupivacaine.
Gabapentinoids are not routinely used secondary to recent evidence of
increased risk in older patients after major surgery [15,16]. Intraopera-
tive regional analgesia is not routinely used. Immediately after surgery,
patients receive scheduled acetaminophen and NSAIDs unless they had
a contraindication, and oral opioids (oxycodone 5-10 mg) as needed
every four hours. If patients have breakthrough pain (pain >7 > 1 h
after receiving oxycodone), our ERAS protocol states that they should
receive hydromorphone 0.4 mg IV once, with a repeat dose after
20 min if ineffective. IV patient-controlled analgesia is only used if pa-
tients have continued pain desite two doses of IV hydromorphone
[13]. At the time of discharge, patients receive opioid medications
10
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based on a tiered prescription guideline approach developed at our
institution [4]. For patients who have undergone laparotomy, this
includes no opioid prescription for those who have not used this medi-
cation within 24 h before hospital discharge, and a prescription for oxy-
codone 5 mg × 10 tablets if patients are still requiring opioid treatment
to manage pain.

The primary outcomes were in-hospital postoperative opioid use
and pain scores, evaluated across CYP2D6metabolizer statuses. Second-
ary analysis evaluated differences across CYP3A4 phenotypes (normal
vs intermediate to normal), OPRM1 genotypes (rs179971 AA vs
rs1799971 AG), and COMT genotypes (rs4680 AA, rs4680 GA, rs4680
GG). In-hospital factors including time between exit from the postoper-
ative anesthesia care unit (PACU) and hospital discharge, postoperative
medication administration, and pain scores were obtained from the
electronic medical record. Opioids administered in hospital and opioid
prescriptions at dischargewere evaluated asmorphinemilligramequiv-
alents (MME). Postoperative pain scores were measured on an analog
scale from 0 (no pain) to 10 (worst possible pain). In-hospital opioids
were evaluated as total MME administered and pain scores were evalu-
ated as maximum score within each of the following time periods: first
24 h following PACU exit (0–24 h), second 24 h following PACU exit
(>24 to 48 h), and last 24 h of hospitalization; values in the second
24 h after PACU exit were only calculated for patients who were
discharged>24 h after PACU exit. Patient records were examined for si-
multaneous administration of strong inhibitors of CYP2D6 (bupropion
and fluoxetine) and non-opioid pain medications (acetaminophen, ibu-
profen, ketorolac, gabapentin.

Patient demographics, surgical factors, and discharge opioid pre-
scriptions were evaluated via electronic chart review. A phone survey
planned for 21–35 days after discharge captured opioid use after sur-
gery, pain control following discharge, and satisfaction with pain con-
trol. Post-discharge pain control was captured on a scale from 0 (not
controlled at all) to 10 (completely controlled).

Patient and procedural factors were compared by CYP2D6
metabolizer status, CYP3A4 phenotype,OPRM1 genotype, and COMT ge-
notype and using Chi-square, Fisher's exact, and Kruskal-Wallis tests.

Statistical analysis was performed using version 9.4 of SAS (SAS
Institute, Cary NC). P-values of <0.05 were considered statistically
significant.

3. Results

100 patients were prospectively enrolled, of which 96 underwent
surgery and were included in the study. Patients were grouped accord-
ing to their CYP2D6metabolizer status, classified as ultra-rapid (N= 3,
3%), normal (58, 60%), intermediate (27, 28%), and poor (8, 8%) opioid
metabolizers (Table 1). Patient demographics, pre-operative assess-
ments, and surgical factors are shown in Table 2. Over two thirds of pa-
tients (66, 69%) underwent complex cytoreductive surgery, while 30
(31%) had staging laparotomy, and one-fifth (19, 20%) underwent
colon resection. Themajority of patients (91, 95%) had a final postoper-
ative diagnosis of cancer. Median length of stay after surgerywas 3 days
(IQR 2–5), with 71 (74%) of patients staying >48 h after exit from the
post-anesthesia care unit (PACU). There was no difference in surgical
complexity (p = 0.61) or length of hospitalization (p = 0.50) across
CYP2D6 metabolizer statuses (Table 2), and all patients were adminis-
tered nonopioid pain medications during hospitalization. (Table 3).

The overall median MME consumed in the first 24 h after PACU exit
was significantly different between CYP2D6 metabolizer groups. While
the overall medianMME consumed during this time periodwas 30 (IQR
13–53), patients in the ultrarapid metabolizer group consumed a me-
dian 75 MME (IQR 45–88) which was higher than normal (median
23; IQR 8–45), intermediate (48; 20–63), and poor (31; 12–53)
metabolizers(p = 0.03). MME used by patients during the second
24 h after PACU exit and the last 24 h of hospitalization were not signif-
icantly different between groups, but higher in the ultrarapid
ealth and Social Security de ClinicalKey.es por Elsevier en abril 19, 2024. 
ción. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Table 1
CYP2D6 metabolizer status and activity score.

N

CYP2D6 metabolizer
status

CYP2D6 activity
score

Effect on Response 2

Ultrarapid Metabolizer 3 Drugs metabolized by CYP2D6 would be eliminated at an increased rate and carry an increased risk of therapeutic failure.

Prodrugs activated by CYP2D6 would have a greater proportion of active drug available and carry an increased risk of side
effects.

2.5 1

Normal Metabolizer 2 Patients would be expected to have an average or normal response to the drug and risk of side effects. 39
1.5 17
1.25 2

Intermediate
Metabolizer

1 Drugs metabolized by CYP2D6 would be eliminated at a decreased rate and carry a risk of increased side effects.

Prodrugs activated by CYP2D6 would have a lesser proportion of active drug available and carry an increased risk of
therapeutic failure.

22
0.5 5

Poor Metabolizer 0 8

Total 96
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metabolizers (p = 0.07 for both, Fig. 1) In the whole cohort, 69 (72%)
received oxycodone during their hospitalization and 33 (34%) received
hydromorphone; 27 (28%) received both oxycodone and
hydromorphone. There was no significant difference in administration
of these drugs between CYP2D6 phenotypes (Table 3). In addition to
thesemedications, 42 (44%) received tramadol and 4 (4%) received fen-
tanyl. For 9 patients (9%), tramadol was the only opioid administered.

Postoperative pain scores did not differ significantly between
CYP2D6 phenotype groups with a median of 7 (IQR 5–8) in the first
24 h (p = 0.29), 5 (IQR 4–7) in the second 24 h (p = 0.12), and 4
(IQR 3–6) in the last 24 h of hospitalization (p = 0.12). Possible con-
founding factors for adequate pain control were examined and found
to be not significantly different between groups, including simultaneous
prescription of strong CYP2D6 inhibitors (p=1.00) and use of prescrip-
tion pain medications between study enrollment and surgery (p =
0.31). None of the patients with ultrarapid metabolism were taking
strong CYP2D6 inhibitors simultaneously with opioid medications dur-
ing hospitalization. (Table 3).

At hospital discharge, 72 (75%) of patients received an opioid pre-
scription, with no difference between groups (p = 0.75), and median
total MME consumed in the outpatient period was 8 (IQR 0–50) also
with no difference across CYP2D6 metabolizer categories (p = 0.44).
Eleven percent of patients surveyed reported receiving an opioid refill
or new prescription after dismissal. Despite this low use of opioids in
the outpatient setting, patients reported having excellent pain control,
rating their satisfaction with pain a median of 9 (IQR 8–10) (p = 0.64)
out of a best possible score of 10. Fewer patients in the CYP2D6
Table 2
Demographics, pre-operative assessments, and surgical factors by CYP2D6 phenotype. Unless

CYP2D6 metabolizer status

Ultrarapid Metabolizer
(N = 3)

Normal
(N = 58

Age, mean (SD) 59.3 (12.1) 62.4 (11
BMI, n (%)
<25 0 (0.0%) 26 (44.8
25 to <30 1 (33.3%) 16 (27.6
30+ 2 (66.7%) 16 (27.6
History of any prior opioid use [3] 0 (0.0%) 16 (27.6
History of prior chronic pain syndrome diagnosis [3] 0 (0.0%) 3 (5.2%)
History of any prior surgery 1 (33.3%) 38 (65.5
Surgical complexity
Staging Laparotomy 1 (33.3%) 21 (36.2
Complex Cytoreductive 2 (66.7%) 37 (63.8

Colon resection 1 (33.3%) 9 (15.5%
Cancer 3 (100.0%) 55 (94.8
Length of hospitalization (days)
Median (IQR) 4 (2, 6) 3 (2, 5)
Range 2, 6 0, 15

1Kruskal-Wallis p-value; 2Fisher Exact p-value; 3History of any prior opioid use and history of
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ultrarapidmetabolizer group (67%) used non-prescription painmedica-
tions after hospital dismissal than the other groups (73%–98%, p =
0.002, Table 3).

As would be expected based on the known rarity of genetic variants
and homogeneous enzyme activity of CYP3A4, therewere no differences
in opioid use or pain scores during any postoperative period between
the normal (n = 89) and intermediate (n = 7) cohorts [17,18]. Stan-
dardized genotype to phenotype classifications for OPRM1 and COMT
have yet to be defined as of the latest Clinical Pharmacogenetics Imple-
mentation Consortium (CPIC) guidelines [9], but we did see a difference
in opioid use in the second 24 h after PACU exit for the two OPRM1 ge-
notypes (median 15 MME [IQR 8–28] among rs1799971 AA vs. 8 [IQR
0–16] among rs1799971 AG, p = 0.04). Inpatient opioid requirements
did not vary across the three COMT genotypes in our study. Opioids pre-
scribed and used as outpatients and patient satisfaction scores were
equivalent for both OPRM1 genotypes and all three COMT genotypes
(Supplemental Tables S2–S7).

4. Discussion

PGx has the potential to improve efficacy and reduce side effects of
medications by using an individual's genotype and determined pheno-
type to inform personalization and optimization of drug therapy. This
could even further enhance the inpatient (ERAS®) and outpatient post-
operative opioid prescribing guidelines that have been created for this
population [4,15]. In this study we showed that MME consumed during
the first 24 h after PACU exit was significantly different between
otherwise noted, summary statistics are displayed as N (column percentage).

Metabolizer
)

Intermediate Metabolizer
(N = 27)

Poor Metabolizer
(N = 8)

Total
(N = 96)

P-value

.2) 62.6 (10.2) 68.3 (6.3) 62.9 (10.6) 0.4861

0.7192

%) 11 (40.7%) 4 (50.0%) 41 (42.7%)
%) 8 (29.6%) 1 (12.5%) 26 (27.1%)
%) 8 (29.6%) 3 (37.5%) 29 (30.2%)
%) 10 (38.5%) 0 (0.0%) 26 (27.4%) 0.1442

0 (0.0%) 0 (0.0%) 3 (3.2%) 0.6892

%) 17 (63.0%) 5 (62.5%) 61 (63.5%) 0.7492

0.6052

%) 6 (22.2%) 2 (25.0%) 30 (31.3%)
%) 21 (77.8%) 6 (75.0%) 66 (68.8%)
) 6 (22.2%) 3 (37.5%) 19 (19.8%) 0.3012

%) 26 (96.3%) 7 (87.5%) 91 (94.8%) 0.6352

0.5021

4 (2, 5) 4 (3, 5) 3 (2, 5)
1, 16 3, 7 0, 16

prior chronic pain syndrome missing for N = 1.

ealth and Social Security de ClinicalKey.es por Elsevier en abril 19, 2024. 
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Table 3
Medications and pain during hospitalization and post-discharge by CYP2D6 phenotype. Unless otherwise noted, summary statistics are displayed as N (column percentage).

CYP2D6 metabolizer status

Ultrarapid
Metabolizer
(N = 3)

Normal
Metabolizer
(N = 58)

Intermediate
Metabolizer
(N = 27)

Poor Metabolizer
(N = 8)

Total
(N = 96)

P-value

Hospitalization
Opioids administered between PACU exit and discharge
Any 3 (100.0%) 47 (81.0%) 27 (100.0%) 7 (87.5%) 84 (87.5%) 0.0531

Oxycodone 2 (66.7%) 37 (63.8%) 24 (88.9%) 6 (75.0%) 69 (71.9%) 0.0781

Hydromorphone 2 (66.7%) 16 (27.6%) 13 (48.1%) 2 (25.0%) 33 (34.4%) 0.1561

Tramadol 0 (0.0%) 23 (39.7%) 14 (51.9%) 5 (62.5%) 42 (43.8%) 0.2331

Fentanyl 0 (0.0%) 3 (5.2%) 0 (0.0%) 1 (12.5%) 4 (4.2%) 0.3391

MME 0–24 h after PACU exit 0.0292

Median (IQR) 75 (45, 88) 23 (8, 45) 48 (20, 63) 31 (12, 53) 30 (13, 53)
Range 45, 88 0, 106 0, 107 0, 117 0, 117
MME >24–48 h after
PACU exit [3]

0.0692

Median (IQR) 61 (30, 80) 10 (0,23) 20 (8, 23) 18 (4, 25) 13 (8, 25)
Range 30, 80 0, 100 0, 60 0, 123 0, 123

MME last 24 h of hospitalization 0.0662

Median (IQR) 38 (30, 40) 8 (0, 15) 8 (0,20) 15 (4, 35) 8 (0, 20)
Range 30, 40 0, 76 0, 45 0, 43 0, 76

Other medications administered between PACU exit and
discharge
Non-opioid pain medications 3 (100.0%) 58 (100.0%) 27 (100.0%) 8 (100.0%) 96 (100.0%) N/A
Strong CYP2D6 inhibitors 0 (0.0%) 2 (3.4%) 0 (0.0%) 0 (0.0%) 2 (2.1%) 1.0001

Was taking prescription pain medications prior to original
surgery after study enrollment [4]

1 (33.3%) 4 (6.9%) 3 (11.5%) 0 (0.0%) 8 (8.4%) 0.3111

Maximum pain score 0–24 h post-PACU exit 0.2912

Median (IQR) 8 (8, 8) 6 (5, 8) 7 (6, 8) 7 (5, 8) 7 (5, 8)
Range 8, 8 2, 10 3, 10 4, 10 2, 10

Maximum pain score > 24–48 h post-PACU exit [3] 0.1152

Median (IQR) 7 (7, 8) 5 (4, 7) 6 (5, 7) 5 (3, 7) 5 (4, 7)
Range 7, 8 2, 9 3, 10 3, 9 2, 10

Maximum pain score last 24 h of hospitalization 0.1162

Median (IQR) 7 (7, 7) 5 (3, 6) 4 (3, 6) 4 (3, 6) 4 (3, 6)
Range 7, 7 0, 8 0, 7 2, 7 0, 8

Post-discharge
Opioid prescription at time of hospital dismissal 0.7521

No 0 (0.0%) 13 (22.4%) 8 (29.6%) 3 (37.5%) 24 (25.0%)
Yes, one opioid prescription 3 (100.0%) 44 (75.9%) 19 (70.4%) 5 (62.5%) 71 (74.0%)
Yes, two or more opioid prescriptions 0 (0.0%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (1.0%)

Total MME prescribed at discharge 0.2162

Median (IQR) 75 (75, 160) 75 (23, 75) 50 (0, 90) 36 (0, 60) 60 (11, 75)
Range 75, 160 0, 260 0, 150 0, 90 0, 260

Total MME consumed after discharge [4] 0.4422

N 3 57 26 8 94
Median (IQR) 38 (8, 136) 10 (0, 50) 0 (0, 45) 0 (0, 53) 8 (0, 50)
Range 8, 136 0, 260 0, 113 0, 85 0, 260

Received any prescription opioid pain medications after
leaving the hospital (refills or new prescription) [5]

0 (0.0%) 8 (14.0%) 1 (4.0%) 1 (12.5%) 10 (10.8%) 0.5931

Used non-prescription pain medications after hospital
dismissal [6]

2 (66.7%) 56 (98.2%) 19 (73.1%) 7 (87.5%) 84 (89.4%) 0.0021

How adequately did pain medication control pain after
hospital dismissal? [4,7]

0.6382

Median (IQR) 8 (8, 10) 8 (7, 10) 9 (8, 10) 10 (9, 10) 9 (8, 10)
Range 8, 10 1, 10 2, 10 5, 10 1, 10

1Fisher Exact p-value; 2Kruskal-Wallis p-value; 3MME and maximum pain 24–48 h after PACU discharge are missing for N = 5 patients discharged before 24 h after PACU exit;
4Prescription pain medications prior to surgery, total MME consumed after discharge, and pain control after hospital dismissal missing for N = 1; 5Prescription opioid pain medications
after leaving the hospital missing for N= 3; 6Non-prescription painmedications after hospital dismissalmissing for N= 2; 7Pain control scale: 0= not controlled at all, 10= completely
controlled.
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CYP2D6 metabolizer groups. This pilot data adds to the mounting evi-
dence that CYP2D6 metabolizer status is an important determinant
when considering the choice and amount of opioid to prescribe. As
was shown in previous studies, many patients do not consume the opi-
oids prescribed to them, increasing the risk for diversion and misuse
[4,19]. At the current time, without proven ways to personalize the
amount of opioid prescribed, patients receive a standardized MME
upon discharge, including in our cohort. Pgx information may help in-
form postoperative practices, reducing overall opioid prescribing, de-
pendence, and diversion [20].
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In the cytochrome p450 gene family, CYP3A4 has few described ge-
netic variants but CYP2D6 is highly polymorphic and has over 130 core
allelles and significant differences in allele frequencies between geogra-
phically, ancestry, and ethnically diverse groups [21–23]. The predicted
CYP2D6 phenotypes for opioidmetabolism are based on diplotypes and
categorized into ultrarapid, normal, intermediate, and poor
metabolizers based on their activity score [9]. (Table 1) Each CYP2D6
metabolizer category defines how quickly a drug will be metabolized
or activated based on the predicted enzyme activity of its corresponding
gene. Ingreater than 60,000 subjects across 173 reports worldwide, the
ealth and Social Security de ClinicalKey.es por Elsevier en abril 19, 2024. 
ción. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Fig. 1. Morphine milligram equivalents (MME) administered in the first 24-h period
(0–24 h), second 24-h period (>24–48 h), and third 24-h period (>48–72) hours after
exit from the PACU, compared by CYP2D6 metabolizer status. Only patients with post-
PACU LOS ≥24 h are included in the second 24-h period, and only patients with post-
PACU LOS ≥48 h are included in the third 24-h period.
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distribution of metabolizer status included 1–21% ultrarapid, 67–90%
normal, 0.4–11% intermediate, and 0.4–5.4% poor [24].

In the context of these phenotypes, not all opioids are affected sim-
ilarly. For example, codeine requires activation by CYP2D6 to be effica-
cious, whereas oxycodone may be both activated and metabolized by
the same gene in a complex pathway of simultaneous phase 1 and
phase 2metabolism [25]. In the case of codeine, ultrarapidmetabolizers
may be considered to be at an elevated risk for respiratory depression
from standard doses due to their higher than typical ability to convert
codeine to morphine. On the other hand, someone categorized as a
poor or intermediate metabolizer may not have adequate pain relief
from a standard dose of codeine. The examination of oxycodone is
more complex, recognizing that this drug may be both metabolized
and activated by CYP2D6 enzymes. A prior study demonstrated this
complexity with similar responses and side effects in patients with ul-
trarapid and poor metabolizer statuses [26]. While level A evidence ex-
ists for codeine and tramadol prescribing guidelines based on CYP2D6
status, others such as oxycodonedo not have recommended prescribing
actions at present [27].

In addition to CYP3A4 and CYP2D6, OPRM1 and COMT have re-
cently been discovered to participate in opioid processing. These ad-
ditional genes function differently from the cytochrome p450
enzymes, with OPRM1 affecting opioid receptors and COMT encoding
for neurotransmitter enzymes. These two genes require further vali-
dation before they will be clinically actionable, but their activity in
opioid processing may provide further information in our quest for
individualization [9].

While codeine and tramadol have clinical recommendations based
on CYP2D6 phenotypes, recommendations have not been established
for some of themost common opioids used in the postoperative setting,
including oxycodone. This study combined with others in multiple
fields could help support recommendations based on CYP2D6 pheno-
types [11]. We know this works well in other disease types, as a large
number of PGx variants with demonstrated clinical utility have been in-
corporated into drug labeling by the US Food and Drug Administration
(FDA), including for nephrology, anticoagulation, and anticholesterol
therapies [28].

In addition to guiding individualization of opioid prescribing, this
data may help us optimize supplemental perioperative pain control
strategies for selected patients. A randomized controlled trial of
13
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wound infiltration of liposomal bupivacainewith orwithout intrathecal
analgesia in a similar patient population was recently completed at our
organization and will inform the discussion of how best to manage im-
mediate perioperative pain.

Strengths of this study include a population of patients who under-
went surgery of similar complexity at one institution with well-
established inpatient and outpatient opioid prescribing guidelines
[4,13]. Information was collected prospectively, and physicians and pa-
tients were not informed of the metabolizer status until after surgical
recovery. Weaknesses include the expected small number of patients
in the ultra-rapid and poormetabolizer categories whichmay have lim-
ited the statistical power of our analyses. Type of opioid prescribed and
order of prescriptionwas not dictated, thereby introducing heterogene-
ity into the results. Finally, while all patients also used non-opioid pain
medications, somepatientsmay have taken less than others, whichmay
have affected MME consumed.

As the availability of high throughput genomics technology becomes
more widespread and the associated cost of genetic testing more eco-
nomical, opportunities for patients to have precision genomic informa-
tion to guide healthcare decisions is expected to increase, including
choice and dose of medications [29,30].
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