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Study Objectives: To assess the incidence and risk factors of chronic opioid use after obstructive sleep apnea surgery.
Methods: Using IBMMarketScan research database, adults (>18 years) who underwent a variety of sleep surgery procedures between 2007 and 2015 were
identified. Individuals with 1 year of insurance coverage before and after the surgical procedure were included. Additional anesthesia event(s) in the year following the
procedure of interest and those who filled an opioid prescription within the year prior to surgery (not naive) were excluded. Outcomes included rates of persistent
opioid use (additional opioid prescriptions filled 90–180 days postoperatively), prolonged use (additional opioid prescriptions filled 181–365 days postoperatively), and
inappropriate use (> 100 morphine milligram equivalents). Evaluated variables include demographics, surgical procedures, and comorbidities.
Results: A total of 10,766 surgical procedures met the inclusion criteria. There was a trend of increased rates of perioperative opioid prescription. After
multivariable logistic regression analysis, perioperative opioid prescription and smoking were independent risk factors for inappropriate opioid use (odds ratio
[OR] = 31.51, P < .001; OR = 1.41, P = .016, respectively). Opioid prescription and hypertension were independent risk factors for persistent opioid use (OR = 37.8,
P < .001, OR = 1.38, P = .008). Perioperative opioid prescription, previous opioid dependence diagnosis, smoking, and male sex were associated with continuous
prolonged opioid use (OR = 73.1, 8.13, 1.95, and 1.55, respectively; P < .001, P = .020, P = .024, and P = .032, respectively).
Conclusions: While efforts by different societies are being implemented to control the opioid crisis, we found that perioperative opioid prescription for airway
surgery targeting obstructive sleep apnea is an independent risk factor for persistent, prolonged, and inappropriate opioid use.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Otolaryngologists recently showed a significant variability in opioid prescribing patterns, “with a tendency toward
excess prescription.” In an effort to control the opioid crisis in the United States, we aimed to evaluate opioid prescription patterns specific to surgeries
addressing obstructive sleep apnea and define possible risk factors for chronic opioid use.
Study Impact: In those who are opioid naive, perioperative opioid prescriptions were a significant predictor for persistent, prolonged, and inappropriate opioid
use. This is a call to action for increased investigation and use of multimodal pain-control strategies and opioid de-escalation protocols, particularly in patients
with obstructive sleep apnea. Skeletal surgery was associated with significantly less perioperative opioid prescription compared with soft tissue surgery.

INTRODUCTION

Over 2 million Americans have opioid use disorder, and tens of
thousands die of opioid-related causes annually.1,2 Opioid pre-
scribing patterns in the United States were heavily influenced
by the pharmaceutical industry in the 1990s, which downplayed
the addictive nature of these drugs according to the Department
of Health and Human Services.3 Additionally, a 2001 report
released by the Joint Commission declared pain as “the 5th vital
sign” and chastised physicians for undertreating pain.4 While
the assertions made in the 1990s and in the Joint Commission
report have since been debunked,5 the subsequent overprescrip-
tion by physicians has become the primary source of misused
opiates in the United States.6

For a significant number of patients, surgery is the first expo-
sure to such medications.7 Surgeons are the second-highest

prescriber of opioids, responsible for nearly 40% of all pre-
scriptions, trailing only behind pain specialists.6 Effective
postoperative pain management is critical for patient satisfac-
tion, recovery, and health outcomes.8 This is especially true
in the context of many otolaryngologic procedures involving
the upper aerodigestive tract, as inadequately managed pain
can be a limiting factor for oral intake and managing oropha-
ryngeal secretions; however, developing appropriate postop-
erative pain regimens can be challenging. A recent study
evaluating US otolaryngologists characterized significant vari-
ability in opioid prescribing patterns, “with a tendency toward
excess prescription.”9

Currently, there are limited data on opioid prescription pat-
terns specific to surgeries addressing obstructive sleep apnea
(OSA). These include uvulopalatopharyngoplasty (UPPP), addi-
tional nasal and tongue base procedures, as well as skeletal
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procedures such as maxillomandibular advancement and maxil-
lary expansion.10–12 Patients with OSA often possess other risk
factors that may be associated with a higher likelihood of chronic
opioid use in the postoperative period.13 This study characterizes
the pattern of opioid prescription among patients undergoing var-
ious sleep apnea surgeries and evaluates the risk of chronic use
among opioid-naive patients with OSA. This is especially critical
in patients with OSA as opioids can reduce the respiratory drive
and therefore worsen the apneic events.14 We also aimed to
assess potential variables and risk factors that may contribute to
persistent and prolonged use postoperatively.

METHODS

Study design
This is a retrospective cohort study among adults (≥ 18 years
old) with OSA who underwent procedures for OSA, utilizing
the IBM Marketscan Research and Medicare Database, from
January 1, 2007, to December 31, 2015. Data collection and
analysis were carried out at Stanford University School of Med-
icine. An institutional review from the School of Medicine was
not required since the study involved only deidentified, com-
mercially available data.

Study population
Patients undergoing procedures of palatopharyngoplasty (Inter-
national Classification of Diseases, Ninth Revision [ICD-9],
code 421.45) and/or tonsillectomy (ICD-9 code 428.26) and
skeletal procedures based on current procedural terminology
(CPT) codes encountered and with an OSA primary and/or a
component diagnosis (based on the ICD-9 code) were included
(Table S1 in the supplemental material). The soft tissue surgery
group was further subdivided into single and multilevel surgery
procedures according to the additional procedures performed
on the same day (Table S1). We did not include nasal surgery
alone, given the limited evidence supporting its role as a sole
treatment option for OSA. Patients who underwent other upper
airway procedures that did not include tonsillectomy or UPPP
or skeletal procedures, or those not having continuous insurance
coverage for the year prior to or after surgery, were excluded.

Information regarding prescriptions for analgesics was
obtained and classified based on therapeutic classes; 58 and 59
were considered nonopioid analgesics, while 60 and 62 were
considered opioid analgesics. Perioperative opioid use in each
group was initially based on prescriptions filled between 14 days
preoperatively and 7 postoperatively. Opioid prescription fills
were recorded for the year after surgery for all patients, and the
total morphine milligram equivalents (MME) were calculated.
Patients with additional surgeries in the year following their pro-
cedure were excluded by eliminating those with anesthetic events
over that year. Only patients with insurance coverage for 1 year
prior and after the procedure were included. Opioid-naive
patients were defined as those without an opioid prescription in
the interval of 12 months to 14 days prior to surgery.

The primary outcome was persistent opioid use, identified as
patients receiving postoperative opioid prescriptions between

3 and 6 months (91 days–180 days). Secondary outcomes
included prolonged opioid use, identified as opioid prescrip-
tions after 6 months (> 180 days) to 1 year, and inappropriate
opioid use, identified as receiving over 100 MME per day. Pro-
longed opioid use was divided into continuous and noncontinu-
ous based on opioid use before 6 months postoperatively. These
definitions were guided by the International Association for the
Study of Pain.15 We also evaluated the rate of 30-day postoper-
ative complications, including hemorrhage, intubation, trache-
ostomy, and hospital readmission rates.

Supplementary demographics and comorbidities were evalu-
ated, including age, sex, tobacco use 1 year before surgery,
diagnosis of autoimmune or immunodeficiency disorders, hyper-
tension, diabetes mellitus and psychiatric disorders (schizophre-
nia, depression, other mood disorders), and opioid and substance
dependence (Table S1). Comorbidities were identified using the
van Walraven modification of the Elixhauser index, which con-
denses medical comorbidities into a numerical score that is
closely associated with mortality in acute settings.16,17

Data source
The IBM MarketScan Research and Medicare Databases cap-
ture patient-specific clinical utilization, expenditures, and
enrollment across outpatient and inpatient services, medication
prescriptions, and carve-out services. The data are assembled
from a selection of large health plans, employers, government,
and public companies representing over 273 million lives and
have been used extensively for peer-reviewed studies for over
30 years. This entails patients with active health care insurance,
and thus is a limitation.18

Statistical analysis
Univariate descriptive statistics were calculated for demograph-
ic variables and comorbidities. A logistic regression model was
estimated to examine factors associated with different opioid
misuse and rates of perioperative opioid prescription. Relevant
characteristics for inclusion in the final model for each compli-
cation were identified using a stepwise multivariate logistic
regression (P < .05 for inclusion) to adjust for confounders.
A multinominal logistic regression was used to evaluate the
P value and odds ratio (OR) of different outcomes and compli-
cation rates between patients receiving opioids and those who
did not among surgery groups. Analysis of variance (ANOVA)
was used to calculate the difference in perioperative opioid pre-
scription between different procedures. A Tukey test was used
to compare the 3 groups. Calculated P values were 2-tailed,
with significance identified as P < .05. Statistical analysis was
performed using R version 3.6.2 (R Foundation for Statistical
Computing, Vienna, Austria).19

RESULTS

Demographics
Of 133,757,228 patients’ claims, 5,798,528 (4.34%) of patients
had a diagnosis of OSA in the analyzed period of January 2007
to December of 2015, where 11,367 surgical procedures met
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inclusion criteria. After exclusion of patients under 18 years of
age, a final cohort of 10,766 procedures among 10,522 patients
met the inclusion criteria (Figure S1 in the supplemental mate-
rial), where 482 (4.5%) patients had two or more surgeries. The
mean age (standard deviation) was 43 (11.3) years old follow-
ing a normal distribution, with a 75.3% male predominance
(Table 1). Opioid outcomes/terms based on time intervals are
shown in Table S2 in the supplemental material.

Demographic data based on the perioperative prescriptions
are shown in Table 1. The most common comorbid conditions
were hypertension (41.1%), diabetes (12.3%), autoimmune dis-
eases (10.1%), and mood disorders (7.9%). The most common
surgical procedure was multilevel surgical procedures, with
UPPP accounting for 51.4% of all procedures performed,

followed by UPPP alone (44.8%) and skeletal surgery (3.8%).
A total of 7,030 patients (65.3%) were prescribed an analgesic
perioperatively, of which 95.8% were opioids. In the years ana-
lyzed, there was a trend toward increased perioperative opioid
prescriptions, overall prescriptions in 3–6 and 6–12 months
after surgery, and prolonged use (continuous and noncontinu-
ous). Opioid prescription in the 3- to 6-month interval after
sleep surgery was reported in 4.1%, while prescription in the 6-
to 12-month interval was 8.2%. Postoperative inappropriate
opioid use was found in 6.8%. Persistent opioid use was
reported in 2.8%, continuous prolonged use was reported in
1.1%, while noncontinuous prolonged opioid use was in
reported in 6.4%. There was an increased association with a
diagnosis of mood disorders (including depression) and

Table 1—Demographic data according to perioperative opioid prescription.

Filled Perioperative Opioid
Prescription

Did Not Fill Perioperative Opioid
Prescription Total

Surgery events 6,735 (100%) 4,031 (100%) 10,766 (100%)

Male sex 5,188 (77%) 2,914 (72%) 8,102 (75%)

Age, mean, y 42.2 44.4 43.0

Age, standard deviation, y 11.4 11.8 11.6

Age group

18–34 years 1,694 (25%) 802 (20%) 2,496 (23%)

35–44 years 2,216 (33%) 1,172 (29%) 3,388 (31%)

45–54 years 1,818 (27%) 1,244 (31%) 3,062 (28%)

55–64 years 887 (13%) 692 (17%) 1,579 (15%)

≥ 65 years 120 (2%) 121 (3%) 241 (2%)

Risk factors

Smoking 436 (6%) 361 (9%) 797 (7%)

Hypertension 2,543 (38%) 1,880 (47%) 4,423 (41%)

Diabetes 690 (10%) 636 (16%) 1,326 (12%)

Autoimmune 546 (8%) 539 (13%) 1,085 (10%)

Immune deficiency 184 (3%) 139 (3%) 323 (3%)

Depression 447 (7%) 271 (7%) 718 (7%)

Mood disorder 88 (1%) 49 (1%) 137 (1%)

Schizophrenia 14 (0%) 9 (0%) 23 (0%)

Opioid dependence 13 (0%) 10 (0%) 23 (0%)

Substance dependence 18 (0%) 9 (0%) 27 (0%)

Surgery type 6,735 (100%) 4,031 (100%) 10,766 (100%)

UPPP alone 3,037 (45%) 1,788 (44%) 4,825 (45%)

UPPP multilevel 3,572 (53%) 1,957 (49%) 5,529 (51%)

UPPP + GGA 50 (1%) 19 (0%) 69 (1%)

UPPP + nose 3,110 (46%) 1,666 (41%) 4,776 (44%)

UPPP + nose + GGA 29 (0%) 12 (0%) 41 (0%)

UPPP + nose + tongue 220 (3%) 135 (3%) 355 (3%)

UPPP + tongue 162 (2%) 121 (3%) 283 (3%)

UPPP + tongue + GGA 1 (0%) 4 (0%) 5 (0%)

Skeleton surgery 126 (2%) 286 (7%) 412 (4%)

Data are presented as n (%) unless otherwise indicated. GGA = genioglossus advancement, UPPP = uvulopalatopharyngoplasty.
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psychosis (namely, schizophrenia) among patients undergoing
surgery. There was a trend of increasing rates of UPPP alone
(41.8–52%) and skeletal surgery (3.2–4.8%) across the years
(Table S3 in the supplemental material).

Table 2 shows the multivariate model for variables associ-
ated with perioperative opioid prescriptions by surgeons. Male
sex and older age tend to receive fewer opioids (OR = 0.85 and
0.99, P < .001). Patients undergoing multilevel and skeletal sur-
gery compared with UPPP alone (OR = 0.40 and 0.54, P <
.001) and those with a smoking history, hypertension, diabetes,
and autoimmune diseases (OR = 0.64–0.79, P < .001) were less
likely to receive an opioid prescription.

Outcomes
The percentage of perioperative opioid use went from 59.5% in
2008 to 78.6% in 2015. The impact of opioid-related sequelae
is shown in Table 2, Table 3, and Table 4. Table 3 and Table
4 show that perioperative opioid prescription was significantly
associated with opioid prescription refills in the 3- to 6- and 6-
to 12-month intervals postoperatively (P < .001), as well as
with inappropriate opioid prescription (P < .001). Persistent
opioid use was associated with perioperative opioid prescrip-
tion in UPPP and skeletal surgery (P < .001; OR = 27.04 and
9.63, respectively). Continuous prolonged opioid use was sig-
nificantly associated with perioperative UPPP opioid prescrip-
tion (P < .001, OR = 28.09). Among patients with continuous
prolonged opioid use who had multilevel or skeletal surgery, all
received a perioperative opioid prescription. Noncontinuous
prolonged opioid use was significantly associated with periop-
erative opioid prescription in UPPP, multilevel, and skeletal
surgery (P < .001 for all; OR = 48.52, 74.36, and 38.51,
respectively).

Table 5 shows that receiving perioperative opioid prescrip-
tions was associated with reduced rates of postoperative hemor-
rhage in patients with UPPP (3.8% vs 4.3%) and multilevel
surgery (2.5% vs 3.2%) (P < .001, OR = 0.64, and P = .01, OR =
0.69). Perioperative opioid prescriptions were not associated
with other complications, such as hospital readmission, tracheos-
tomy, or intubation.

Table 1 shows the patterns of perioperative opioid prescrip-
tions with different procedures. Patients with UPPP alone had a
63% rate of perioperative opioid prescription compared with
UPPP with multilevel procedures (65%, P = .184). Skeletal sur-
gery, on the other hand, was associated with a 31% rate of peri-
operative opioid prescription, which was significantly less than
the other 2 categories (63% and 65%, respectively) using an
ANOVA followed by a Tukey test (P < .001).

The univariate regression model evaluating potential risk
factors, demographic details, various surgeries, and associated
outcomes is summarized in Table S4 in the supplemental mate-
rial. A multivariate regression model was used to identify risk
factors for complications and different opioid outcomes, as
shown in Table S5 in the supplemental material. Opioid pre-
scription and smoking were significantly associated with inap-
propriate opioid use (OR = 31.51, P < .001, and OR = 1.41, P =
.016, respectively). Depression was also associated with inap-
propriate opioid use, yet did not reach statistical significance
(OR = 1.29, P = .078). Opioid prescription and hypertension
were associated with persistent opioid use (OR = 37.8, P <
.001, OR = 1.38, P = .008). Opioid prescription and previous
opioid dependence diagnosis, smoking, and male sex were
associated with continuous prolonged opioid use (OR = 73.1,
8.13, 1.95, and 1.55, respectively; P < .001, P = .020, P = .024,
and P = .032, respectively). Perioperative opioid use and male

Table 2—Multivariate regression model of factors related to getting a perioperative opioid prescription.

Opioid Prescription Estimate Std. Error z Value P (> |z|)

95% CI

InterpretationMin OR Max

(Intercept) 0.7731 0.0899 8.6020 <.001 Odds Ratio

Multilevel surgery 20.9107 0.0798 211.4080 <.001 0.3714 0.4022 0.4357 Protection factor

Skeletal surgery 20.6072 0.0516 211.7640 <.001 0.5174 0.5449 0.5737 Protection factor

Age 20.0093 0.0019 24.8920 <.001 0.9888 0.9907 0.9926 Protection factor

Male 20.1535 0.0476 23.2260 < .001 0.8179 0.8577 0.8995 Protection factor

Smoking 20.3964 0.0756 25.2450 <.001 0.6238 0.6727 0.7255 Protection factor

Hypertension 20.2353 0.0444 25.3030 <.001 0.7561 0.7904 0.8262 Protection factor

Diabetes 20.3186 0.0626 25.0860 <.001 0.6830 0.7271 0.7742 Protection factor

Autoimmune disease 20.4560 0.0667 26.8410 <.001 0.5929 0.6338 0.6775 Protection factor

Immune deficiency 20.0932 0.1180 20.7900 .4295 0.8096 0.9110 1.0251 No contribution

Depression 0.0735 0.0837 0.8780 .3801 0.9898 1.0763 1.1702 No contribution

Other mood disorders 0.1317 0.1867 0.7050 .4806 0.9465 1.1408 1.3749 No contribution

Schizophrenia 20.1078 0.4390 20.2460 .8059 0.5788 0.8978 1.3926 No contribution

Opioid dependence 20.0296 0.4490 20.0660 .9475 0.6197 0.9709 1.5211 No contribution

Substance dependence 0.2537 0.4238 0.5990 .5494 0.8436 1.2888 1.9691 No contribution

CI = confidence interval, Max = maximum, Min = minimum, OR = odds ratio, Std. = standard.
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Table 3—Opioid prescription among different multilevel sleep surgeries according to time interval.

UPPP Alone UPPP Multilevel Skeleton Surgery All Surgeries

Perioperative prescription 3,037 3,572 126 6,735

Opioid prescription 3 to 6 months

Did not fill perioperative opioid prescription 9 5 6 20

Filled perioperative opioid prescription 134 159 8 301

P value <0.001 <0.001 .03 <0.001

OR 9.12 18.19 3.16 9.38

(x; y) where x ≤ OR ≤ y (4.63; 17.96) (7.45; 44.38) (1.07; 9.32) (5.96; 14.78)

Opioid prescription 6 to 12 months

Did not fill perioperative opioid prescription 37 27 17 81

Filled perioperative opioid prescription 352 429 21 802

P value <0.001 <0.001 <0.001 <0.001

OR 6.20 9.76 3.16 6.59

(x; y) where x ≤ OR ≤ y (4.4; 8.75) (6.59; 14.45) (1.61; 6.23) (5.23; 8.31)

OR = odds ratio, UPPP = uvulopalatopharyngoplasty.

Table 4—Opioid prescription among different multilevel sleep surgeries according to chronic opioid use.

UPPP Alone UPPP Multilevel Skeleton Surgery All Surgeries

Perioperative prescription 3,037 3,572 126 6,735

Noncontinuous prolonged opioid use

No perioperative opioid prescription 4 3 1 8

Filled perioperative opioid prescription 298 366 15 679

P value .00 .00 .00 .00

OR 48.52 74.36 38.51 56.38

(x; y) where x ≤ OR ≤ y (18.06; 130.38) (23.84; 231.95) (5.03; 295.05) (28.05; 113.33)

Inappropriate opioid use

No perioperative opioid prescription 9 4 2 15

Filled perioperative opioid prescription 316 397 9 722

P value .00 .00 .00 .00

OR 22.96 61.05 10.92 32.15

(x; y) where x ≤ OR ≤ y (11.8; 44.65) (22.76; 163.73) (2.32; 51.32) (19.25; 53.69)

Continuous prolonged opioid use

No perioperative opioid prescription 1 0 0 1

Filled perioperative opioid prescription 47 62 5 114

P value .00 .00 .00 .00

OR 28.09 — — 69.39

(x; y) where x ≤ OR ≤ y (3.87; 203.78) — — (9.69; 497.05)

Continuous persistent opioid use

No perioperative opioid prescription 3 0 2 5

Filled perioperative opioid prescription 132 156 8 296

P value .00 .00 .00 .00

OR 27.04 — 9.63 37.01

(x; y) where x ≤ OR ≤ y (8.6; 85.04) — (2.01; 46.01) (15.28; 89.67)

The denominator was the number of surgeries of the same level that had or did not have opioids, respectively. OR = odds ratio, UPPP = uvulopalatopharyngoplasty.
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sex were associated with noncontinuous prolonged opioid use
(OR = 57.81 and 1.31, respectively; P < .001 and P = .029,
respectively). Opioid use 3–6 months after surgery was signifi-
cantly associated with perioperative opioid use and hyperten-
sion (OR = 9.68 and 1.39; P < .001 and .034). Opioid use 6–12
months after surgery was significantly associated with perioper-
ative opioid use, opioid dependence, autoimmune disease, dia-
betes, male sex, and older age (OR = 7.16, 3.28, 1.27, 1.43,
1.35, and 1.01; P < .001, P = .028, P = .046, P < .001, P < .001,
and P = .009, respectively).

Perioperative opioid prescription, male sex, increasing age,
and multilevel surgery were associated with fewer bleeding
events postoperatively (OR = 0.66, 0.55, 0.95, and 0.38; P < .001,
< .001, .001, and .0028). Multilevel surgery was associated with
more readmissions (OR = 1.52, P = .009), while skeletal surgery
was associated with fewer readmissions (OR = 0.77, P = .012).
Smoking, hypertension, and autoimmune diseases were associ-
ated with more readmissions (OR = 1.49, 1.55, and 1.76; P <
.001, 0.006, and .008). Opioid dependence was significantly asso-
ciated with increased reintubation rates (OR = 7.48, P = .006).

In Figure 1we evaluated the percentage of opioid prescriptions
after the first 30 days in this cohort. Patients who had perioperative

opioid prescriptions were associated with more postoperative opi-
oid prescriptions across the whole year when compared with those
who did not. Table S3 shows the changes in the rates of various
surgical procedures over the span of 9 years.

DISCUSSION

Opioid overdoses and deaths have been on the rise over the past
several decades, which could be at least in part due to increased
prescriptions.20 The literature on use of postoperative opioids
suggests that patients often use less than half of the opioids
prescribed after large thoracic or gynecologic surgeries.21 As sur-
geons are responsible for over one-third of all opioid prescrip-
tions in the United States,6 it is of the upmost importance that we
carefully examine these practice patterns with the goal of reduc-
ing excessive or unnecessary prescriptions. Considering this risk,
the Centers for Disease Control and Prevention recommends that
clinicians provide patients with the lowest effective dose for the
shortest expected duration of severe pain.22

In this analysis, after evaluating the pattern of opioid prescrip-
tions among opioid-naive patients undergoing OSA procedures,

Table 5—Opioid prescription among different multilevel sleep surgeries according to chronic opioid use.

UPPP Alone UPPP Multilevel Skeleton Surgery All Surgeries

Perioperative prescription 3,037 3,572 126 6,735

Bleeding

No perioperative opioid prescription 116 90 5 211

Filled perioperative opioid prescription 130 115 0 245

P value .00 .01 .40 .00

OR 0.64 0.69 — 0.68

(x; y) where x ≤ OR ≤ y (0.5; 0.83) (0.52; 0.91) — (0.57; 0.83)

Hospital readmission

No perioperative opioid prescription 63 113 14 190

Filled perioperative opioid prescription 99 222 11 332

P value .62 .51 .13 .61

OR 0.92 1.08 1.86 1.05

(x; y) where x ≤ OR ≤ y (0.67; 1.27) (0.86; 1.37) (0.82; 4.22) (0.87; 1.26)

Tracheostomy

No perioperative opioid prescription 2 3 5 0

Filled perioperative opioid prescription 1 0 1 0

P value — .26 .52 .02

OR 1.00 0.27 — 0.12

(x; y) where x ≤ OR ≤ y (0.92; 1.09) (0.02; 3.02) — (0.01; 1.02)

Intubation

No perioperative opioid prescription 0 0 1 1

Filled perioperative opioid prescription 1 1 0 2

P value .64 .66 .71 .88

OR — — — 1.20

(x; y) where x ≤ OR ≤ y — — — (0.11; 13.21)

The denominator was the number of surgeries of the same level that had or did not have opioids, respectively. OR = odds ratio, UPPP = uvulopalatopharyngoplasty.
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we found that 62.6% had opioid prescriptions in the identified
perioperative period. The prevalence of OSA did not exceed 5%,
highlighting that OSA remains underdiagnosed in the general
population.23 Perioperative opioid prescriptions were signifi-
cantly associated with increased persistent, prolonged (continuous
and noncontinuous), and inappropriate opioid use. Similarly,
perioperative opioid prescription was also a strong predictor of
persistent and prolonged opioid use after different plastic and
reconstructive procedures.24 These findings are also consistent
with other studies, where increased risk of opioid use after 1 year
has been associated with each additional day of opioid medication
supplied, starting after the third day in opioid-naive patients.25

While there is a paucity of data, existing otolaryngology litera-
ture suggests that pain medications may be overprescribed. Two
studies suggest that Acetaminophen alone is sufficient in treating
pain following endoscopic sinus surgery.26,27 Taliercio et al28

reported that only 1 in 5 of patients require opioids following
direct laryngoscopy. Patel et al29 found that only about 1 in 3 of
opioids prescribed for postoperative rhinoplasty patients were
used. A recent cross-sectional survey conducted by Schwartz
et al9 found large variations in the opioid prescribing patterns for
the same surgeries, based on individual surgeon preferences.

To our knowledge, this study is the first to evaluate the pat-
tern of opioid prescriptions following OSA surgery, including
UPPP, multilevel soft tissue, and facial skeletal procedures,
based on a large population-based database, and rates of postop-
erative opioid use up to 1 year following these procedures. It
also raises awareness with regard to the increasing trend in opi-
oid prescriptions over the years that correlates with the overall
increased use of opioids, echoing reports of opioid consumption
in the United States and Europe.30

Some clinical implications that can be postulated include
identifying individuals who are prone to chronic opioid misuse
or inappropriate opioid doses. A large retrospective analysis
performed on the administrative health claims data of over

640,000 opioid-naive surgical patients found that male sex, age
greater than 50 years, and preoperative history of substance use
disorder, alcohol use disorder, depression, benzodiazepine use,
or antidepressant use were associated with chronic opioid use.
Chronic opioid use in their study was defined as having filled
10 or more prescriptions, or more than 120 days’ supply, within
the first year after surgery, excluding the first 90 postoperative
days. These results may suggest that patients with OSA could
be at higher risk for chronic opioid use than average surgical
patients, as rates of substance use disorders and mood disorders
are generally higher among patients with OSA.31–33

Overall, our analysis found increasing rates of mood disor-
ders and psychosis among patients undergoing sleep surgery.
Tobacco smoking was associated with inappropriate and pro-
longed opioid use. A former diagnosis of opioid dependence
and male sex were also considered risk factors, and interest-
ingly, hypertension was associated with persistent use. Simi-
larly, this was noted as a risk factor for long-term use after
orthopedic procedures.34

Our results show that UPPP is the most commonly performed
procedure for OSA, alone or in combination. This is known to be
a painful procedure, especially in the early postoperative period,
with reported dysphagia due to pain in up to 60% and an average
dysphagia rate of 31%.35 Therefore, pain management in this
cohort of patients is critical and may require supplementary care.

Additional concerns about postoperative respiratory suppres-
sion are well known. Opiates/opioids bind to various receptors—
namely, d, k, m, and the nociception/orphanin receptors. These
receptors not only control pain and stress but also affect respira-
tion. Ligands that stimulate k and m receptors suppress the respi-
ratory center and can result in reduction in both respiratory rate
and tidal volume.36 Subsequently, opioids can reduce the
chemo-responsiveness to respiratory stimulants as hypercapnia
and hypoxia, resulting in alterations of ventilatory drive, and
may impair the high loop gain in patients with OSA. The loop

Figure 1—Percentage of opioid prescriptions after the first 30 days in this cohort.

(A) The denominator is total opioid prescription. (B) The denominator is opioid prescription from month 1 through month 12 postoperatively. NDCNUM = National
Drug Code Number, OSA = obstructive sleep apnea, UPPP = uvulopalatopharyngoplasty.
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gain can be affected by opioid misuse resulting in failed restora-
tion of normal arterial blood gas tension after an apneic event.37

Opioids also reduce the muscle tone, resulting in more airway
floppiness.38 Although opioids/opiates did not show a reduction
in apnea-hypopnea index or oxygen desaturation index, there are
reports that demonstrate reduced lowest oxygen saturation and
increased central apneic events.39 In children with OSA using
codeine postoperatively, there were reports of post-tonsillectomy
deaths attributed to genotypic and metabolic variations.40,41 Of
note, there is a well-established link between opioids and all
types of sleep-disordered breathing, with a dose-dependent rela-
tionship.42 Over two-thirds of patients on opioids are believed
to have sleep-disordered breathing, with a predilection toward
moderate-to-severe sleep-disordered breathing.43–45

Limitations of this study include the nature of database
research and accuracy of the data coded. Another limitation is
the definition of opioid-naive patients and perioperative opioids
as patients may have opioid prescription after 7 days postopera-
tively. The lack of information regarding opioid diversion,
other opioid resources, the uncertainty of prescription comple-
tion, sleep studies, body mass index, as well as having data only
until 2015 are other limitations. Additionally, these results are
only adopted from the United States. This study accounts for
patients enrolled in employment-based insurance and therefore
does not capture the whole population. While unlikely, patients
who had additional procedures that were not part of the medical
records can be a hypothetical reason for persistent or prolonged
opioid use. Although one may argue that sleep surgery proce-
dures are painful, particularly UPPP which comprises most of
the procedures, this should not be an explanation for the use of
opioids more than 1 month postoperatively.

Sleep surgeons should contemplate counseling patients in
the perioperative visits regarding the possible risk of persistent
and/or prolonged use, which reached up to 8% in this study, and
contemplate the use of nonopioid analgesics (acetaminophen
and ibuprofen) with different regimens to avoid opioid-related
risks in the OSA population.46–48

CONCLUSIONS

Among patients undergoing surgery for OSA, there is a ten-
dency of increased opioid prescriptions by sleep surgeons over
the years. In those who are opioid naive, perioperative opioid
prescriptions were a significant predictor for persistent, pro-
longed, and inappropriate opioid use. Among OSA procedures,
skeletal surgery was associated with significantly less perioper-
ative opioid prescription compared with soft tissue surgery.
This is a call to action for increased investigation and use of
multimodal pain-control strategies and opioid de-escalation
protocols, particularly in patients with OSA who have an
already compromised airway architecture.

ABBREVIATIONS

GGA, genioglossus advancement
OR, odds ratio

OSA, obstructive sleep apnea
UPPP, uvulopalatopharyngoplasty
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