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IMPORTANCE Despite increased focus on reducing opioid prescribing for long-term pain, little
is known regarding the incidence and risk factors for persistent opioid use after surgery.

OBJECTIVE To determine the incidence of new persistent opioid use after minor and major
surgical procedures.

DESIGN, SETTING, AND PARTICIPANTS Using a nationwide insurance claims data set from 2013
to 2014, we identified US adults aged 18 to 64 years without opioid use in the year prior to
surgery (ie, no opioid prescription fulfillments from 12 months to 1 month prior to the
procedure). For patients filling a perioperative opioid prescription, we calculated the
incidence of persistent opioid use for more than 90 days among opioid-naive patients after
both minor surgical procedures (ie, varicose vein removal, laparoscopic cholecystectomy,
laparoscopic appendectomy, hemorrhoidectomy, thyroidectomy, transurethral prostate
surgery, parathyroidectomy, and carpal tunnel) and major surgical procedures (ie, ventral
incisional hernia repair, colectomy, reflux surgery, bariatric surgery, and hysterectomy). We
then assessed data for patient-level predictors of persistent opioid use.

MAIN OUTCOMES AND MEASURES The primary outcome was defined a priori prior to data
extraction. The primary outcome was new persistent opioid use, which was defined as an
opioid prescription fulfillment between 90 and 180 days after the surgical procedure.

RESULTS A total of 36 177 patients met the inclusion criteria, with 29 068 (80.3%) receiving
minor surgical procedures and 7109 (19.7%) receiving major procedures. The cohort had a
mean (SD) age of 44.6 (11.9) years and was predominately female (23 913 [66.1%]) and white
(26 091[72.1%)]). The rates of new persistent opioid use were similar between the 2 groups,
ranging from 5.9% to 6.5%. By comparison, the incidence in the nonoperative control cohort
was only 0.4%. Risk factors independently associated with new persistent opioid use
included preoperative tobacco use (adjusted odds ratio [aOR], 1.35; 95% Cl, 1.21-1.49), alcohol
and substance abuse disorders (aOR, 1.34; 95% Cl, 1.05-1.72), mood disorders (aOR, 1.15; 95%
Cl, 1.01-1.30), anxiety (@OR, 1.25; 95% Cl, 1.10-1.42), and preoperative pain disorders (back
pain: aOR, 1.57; 95% Cl, 1.42-1.75; neck pain: aOR, 1.22; 95% Cl, 1.07-1.39; arthritis: aOR, 1.56;
95% Cl, 1.40-1.73; and centralized pain: aOR, 1.39; 95% Cl, 1.26-1.54).

CONCLUSIONS AND RELEVANCE New persistent opioid use after surgery is common and is not
significantly different between minor and major surgical procedures but rather associated
with behavioral and pain disorders. This suggests its use is not due to surgical pain but
addressable patient-level predictors. New persistent opioid use represents a common but
previously underappreciated surgical complication that warrants increased awareness.
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illions of Americans undergo surgery each year, with
expenditures exceeding $500 billion and account-
ing for approximately 40% of national health care
spending.® Although 2016 guidelines from the US Centers for
Disease Control (CDC) address opioid prescribing with re-
spect to long-term pain, little attention is directed toward peri-
operative outpatient opioid prescribing.”-° Currently, postop-
erative opioid prescribing varies widely and frequently in
excess,'912 even following minor surgical procedures. More
broadly, nearly 530 individuals die each week in the United
States due to opioid overdose, demanding comprehensive so-
lutions for this public health crisis.*1°
Many patients receive their first exposure to opioids fol-
lowing surgery, but the incidence of new persistent opioid use
after surgical care is not well defined. Specifically, the effect
of surgical case mix and other preoperative risk factors re-
main unclear. In a population-based study of insured indi-
viduals in the United States, we examined the incidence of new
persistent opioid use and associated risk factors across those
receiving both minor and major surgical procedures. We hy-
pothesized that the incidence of new persistent opioid use
would be common and similar between the groups undergo-
ing minor and major surgical procedures, thereby suggesting
that persistent opioid use may be less associated with post-
surgical pain than addressable patient-level factors.

Methods

Data Sources and Patient Cohort

The Clinformatics Data Mart captures administrative health
claims across the United States for members of a large national
managed care company affiliated with OptumInsight. We ex-
amined claims from January 1, 2012, to June 30, 2015, among
adults aged 18 to 64 years to capture data on surgical proce-
dures performed between 2013 and 2014 to account for the 12-
month preoperative and 6-month postoperative study period.
We included only individuals with continuous medical and pre-
scription drug coverage to evaluate the complete health care ex-
perience. We excluded patients 18 years and younger as well as
patients older than 64 years owing to the incomplete capture
of Medicare Part D prescriptions claims data. The study was
deemed exempt from review by the University of Michigan In-
stitutional Review Board, and informed consent was waived
because the dataset was deidentified.

New Persistent Opioid Use After Minor and Major Surgery in US Adults

Key Points

Question What is the incidence of new persistent opioid use after
surgery?

Findings In this population-based study of 36 177 surgical
patients, the incidence of new persistent opioid use after surgical
procedures was 5.9% to 6.5% and did not differ between major
and minor surgical procedures.

Meaning New persistent opioid use is more common than
previously reported and can be considered one of the most
common complications after elective surgery.

We selected 13 common elective surgical procedures and
categorized these into minor and major groups based on prior
literature. Minor surgical procedures included varicose vein
removal, laparoscopic cholecystectomy, laparoscopic appen-
dectomy, hemorrhoidectomy, thyroidectomy, transurethral
prostate surgery, parathyroidectomy, and carpal tunnel. Ma-
jor surgical procedures included ventral incisional hernia re-
pair, colectomy, reflux surgery, bariatric surgery, and hyster-
ectomy. We identified patients undergoing surgery using
Current Procedural Terminology or International Statistical
Classification of Diseases and Related Health Problems (ICD-9)
procedure codes (eTable 1in the Supplement).

We sought to determine new persistent opioid use after sur-
gery and included only patients who filled an opioid prescrip-
tion either in the month prior to surgery or within 2 weeks
after discharge. Comparable with previous studies of opioid-
naive surgical populations,”® patients who had filled 1 or more
prescriptions for opioids 12 months to 31 days prior to their sur-
gical procedure were excluded from the analysis (Figure 1). To
account for prescriptions provided preoperatively for postop-
erative pain control, patients filling opioids in the 30 days prior
to surgery were included, and prescriptions filled in this time
was included as a covariate in the analyses. Last, we ex-
cluded patients who underwent additional surgical proce-
dures during the study period using subsequent procedural
codes for anesthesia in the 6-month postoperative period.

For a comparison cohort of patients who did not undergo
surgery, we identified a random 10% sample of patients aged
18 to 64 years who did not undergo surgery in the study pe-
riod (n = 492177 patients). We included only patients in the
nonoperative group who did not fill an opioid prescription dur-
ing a 12-month period and did not have any codes for surgical

Figure 1. Sample Criteria and Outcomes

Sample criteria

!

No opioid prescriptions

New persistent
opioid use

>1 Opioid prescription 30 d before procedure 21 Opioid prescription
11 mo prior to procedure date through 2 wk after discharge 90-180 d after surgery

Preoperative

Perioperative

Postoperative

Patients undergoing the predefined surgical procedures were included if they
met the following criteria: (1) continuous insurance coverage during the

12 months before the procedure through the 6 months after; (2) no opioid
prescriptions during the 11 months before the procedure; and (3) at least

1opioid prescription fulfillment during the perioperative period, which was
defined as the 30 days before the procedure to 2 weeks after discharge. The
outcome of new persistent opioid use was defined as at least 1opioid
prescription fulfillment between 90 and 180 days after the procedure.
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procedures or anesthesia during this period. These patients
were then given a random date of surgery. No patients filled
an opioid prescription in the year prior to their fictitious sur-
gery date nor did they have any anesthesia codes in the
6 months following their fictitious surgery date.

Outcomes

Our primary outcome was new persistent opioid use, defined
as an opioid prescription fulfillment between 90 and 180 days
among those patients who filled opioid prescriptions peri-
operatively (Figure 1) and was defined a priori prior to data
extraction.® This definition of new persistent opioid use rep-
resents a time in which normal surgical recovery would be ex-
pected for the procedures selected and is more conservative
than the 3-month definition of long-term postsurgical pain by
the International Association for the Study of Pain.'® The total
amount of opioids prescribed during the surgical window of
30 days before surgery to 14 days after discharge, including the
dose of the medication and amount dispensed, were con-
verted to oral morphine equivalents (OMEs)."”

Patient Factors

We included sociodemographic and clinical covariates, includ-
ing region of residence, and comorbid conditions using both
a Charlson Comorbidity Index score and an indicator of cur-
rent or previous tobacco use (ICD-9 code 305.1; V15.82). In ad-
dition, the Clinical Classification System from the Agency of
Healthcare Research and Quality was used to create indica-
tors for mental health diagnoses. The subcategories of the men-
tal health diagnoses by the Clinical Classification System were
collapsed as mood disorders (ie, adjustment, anxiety, and mood
disorders), suicidality (ie, suicide and intentional self-
inflicted injury), disruptive behavior disorders (ie, attention
deficit/hyperactivity disorder, conduct and disruptive behav-
ior disorders, and impulse control disorders), personality dis-
orders, schizophrenia and other psychotic disorders, sub-
stance use disorders (ie, alcohol and other substance-related
disorders), and miscellaneous disorders (eTable 2 in the Supple-
ment). In addition, preoperative pain diagnoses were ob-
tained using ICD-9 codes (eTable 3 in the Supplement) and cat-
egorized as back pain, neck pain, arthritis pain, and other pain
disorders. The inclusion for preoperative medical comorbidi-
ties, pain diagnoses, and mental health classifications were re-
stricted to the 1-year preoperative study period.

Statistical Analysis

All analyses were conducted using Stata version 13.1 (Stata-
Corp). Descriptive statistics were calculated for demographic
variables and comorbidities for each surgical type. Univariate
differences between surgical types were assessed with t tests
or x? tests. Further, univariate differences between those with
persistent opioid use and those without persistent opioid use
within each surgical type were assessed with ¢ tests and x? tests.
A multilevel, multivariate logistic regression model, with US
Census Bureau geographicregionincluded as arandom inter-
cept, was estimated to examine differences in persistent opi-
oid use between surgical types while controlling for patient
characteristics, including age, sex, race/ethnicity, education,
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Figure 2. Flow Diagram

88543 Opioid-naive patients

33184 Patients 265 y excluded

55359 Opioid-naive patients aged 18-64 y

19182 Excluded
12680 Did not fill an opioid prescription
within 30 d before procedure to
14 d after discharge
6467 Had sequential anesthesia
postoperatively
35 Whose length of stay was >30 d

36177 Patients included in analysis

history of tobacco use, mental health disorders, Charlson Co-
morbidity Index, pain disorders, and opioid prescription OME
within the surgical time frame. P values were 2-tailed, and
significance was set at P < .05.

. |
Results

A total of 55 359 of the patients met the inclusion criteria of at
least 11 months without an opioid prescription prior to the 30
days preceding a qualifying surgical procedure (Figure 2). Af-
ter excluding patients receiving an additional anesthetic dur-
ing the 180-day postoperative study period, with inpatient stays
greater than 30 days, and with no opioid prescriptions during
the perioperative period, the final study cohort consisted of
36177 patients. There were 29 068 patients (80.3%) who re-
ceived minor surgical procedures and 7109 (19.7%) who re-
ceived major procedures.

Descriptive data are displayed in Table 1. There were no
differences between the groups with respect to opioid pre-
scriptions in the 30 days prior to surgery. The median total dose
of all opioid prescriptions during the 30 days before surgery
to 14 days after discharge was 225 mg OMEs for both groups,
which equates to 45 tablets of 5-mg hydrocodone or 30 tab-
lets of 5-mg oxycodone.

Persistent Postoperative Opioid Use

in Major and Minor Surgery Groups

The incidence of new persistent opioid use was similar be-
tween the 2 groups (Figure 3). In the minor surgery group, 1711
patients (5.9%) filled an opioid prescription between 90 and
180 days vs 465 (6.5%) in the major surgery group (odds ratio,
1.12;95% CI, 1.01-1.24). By comparison, only 1779 (0.4%) in the
nonsurgical comparison group filled an opioid prescription be-
tween 90 to 180 days after the fictitious surgery date. We did
observe a small degree of variation with respect to the inci-
dence of new persistent opioid use across procedures, rang-
ing from 4.5% to 9.9%. After adjusting for all of the preopera-
tive covariates assessed, the small difference between the
groups was no longer statistically significant (adjusted odds
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Table 1. Preoperative Patient Characteristics and Univariate Outcomes Analyses®

No. (%) No. (%) fo\rlalue
Minor Major Minor
Overall Surgery Persistent No Persistent P Surgery Persistent No Persistent P Vs

Characteristic Group Cohort Opioid Use  Opioid Use Value Cohort Opioid Use Opioid Use Value Major
Age,y

18-29 4663 (12.9) 4436 (15.3) 258(5.8) 4178 (94.2) 227 (3.2) 17 (7.5) 210 (92.5)

30-39 7090 (19.6) 5938 (20.4) 276 (4.7) 5662 (95.4) 1152 (16.2) 88 (7.6) 1064 (92.4)

40-49 10364 (28.7) 7389 (25.4) 392 (5.3) 6997 (94.7) <001 2975 (41.9) 159(5.3) 2816 (94.7) 02 <o

50-59 10207 (28.2) 8099 (27.9) 548 (6.8) 7551 (93.2) 2108 (29.7) 151(7.2) 1957 (92.8)

60-64 3853 (10.7) 3206 (11.0) 237 (7.4) 2969 (92.6) 647 (9.1) 50 (7.7) 597 (92.3)
Female 23913 (66.1) 17860 (61.4) 1101 (64.4) 16759 (61.3) .01 6053 (85.2) 385(82.8) 5668 (85.3) 14 <.001
Race/ethnicity

White 26091 (72.1) 21388 (73.6) 1268 (74.1) 20120 (73.6) 4703 (66.2) 300 (64.5) 4403 (66.3)

African American 3268 (9.0) 2161 (7.4) 151(8.8) 2010 (7.4) 1107 (15.6) 73 (15.7) 1034 (15.6)

Hispanic 4283 (11.8) 3467 (11.9) 183(10.7) 3284 (12.0) <001 816 (11.5) 57(12.3) 759 (11.4) 18 <001

Asian 1076 (3.0) 865 (3.0) 27 (1.6) 838 (3.1) 211 (3.0) 9(1.9) 202 (3.0)

Missing/unknown 1459 (4.0) 1187 (4.1) 82 (4.5) 1105 (4.0) 272 (3.8) 26 (5.6) 246 (3.7)
Education

Less than high school 184 (0.5) 149 (0.5) 8(0.5) 141 (0.5) 35(0.5) 3(0.7) 32(0.5)

High school 9781 (27.0) 7763 (26.7) 504 (29.5) 7259 (26.5) 2018 (28.4) 147 (31.6) 1871 (28.2)

Some college 19781 (54.7) 15827 (54.5) 959 (56.1) 14868 (54.4) <001 3954 (556) 254 (54.6) 3700 (55.7) 17 <.001

College degree or 6129 (16.9) 5097 (17.5) 223 (13.0) 4874 (17.8) 1032 (14.5) 54 (11.6) 987 (14.7)

more

Missing/unknown 302 (0.8) 232(0.8) 17 (1.0) 215 (0.8) 70 (1.0) 7 (1.5) 63 (1.0)
Region

East North Central 6293 (17.4) 5245(18.0) 320(18.7) 4925 (18.0) 1048 (14.7) 61 (13.1) 987 (14.9)

East South Central 1452 (4.0) 1206 (4.2) 94 (5.5) 1112 (4.1) 246 (3.5) 20 (4.3) 226 (3.4)

Middle Atlantic 2196 (6.1) 1641 (5.7) 62 (3.6) 1579 (5.8) 555 (7.8) 21 (4.5) 534 (8.0)

Mountain 3767 (10.4) 3101 (10.7) 175(10.2) 2926 (10.7) 666 (9.4) 38 (8.2) 628 (9.5)

New England 992 (2.7) 780 (2.7) 42 (2.5) 738 (2.7) <.001 212 (3.0) 9(1.9) 203 (3.1) .053  <.001

Pacific 2252 (6.2) 1721 (5.9) 67 (3.9) 1654 (6.1) 531 (7.5) 32(6.9) 499 (7.5)

South Atlantic 8279 (22.9) 6583(22.7) 389(22.7) 6194 (22.6) 1696 (23.9) 128 (27.5) 1568 (23.6)

West North Central 4724 (13.1) 3878(13.3) 220(12.9) 3658 (13.4) 846 (11.9) 60 (12.9) 786 (11.8)

West South Central 6198 (17.1) 4896 (16.8) 340 (19.9) 4556 (16.7) 1302 (18.3)  95(20.4) 1207 (18.2)

Missing/unknown 24 (0.1) 17 (0.1) 2(0.1) 15 (0.1) 7 (0.1) 1(0.2) 6(0.1)
Charlson Comorbidity 0.83(1.5)  0.75(1.38) 1.00 (1.58) 0.74 (1.36) <.001 1.14 (1.9) 1.96 (2.73) 1.08 (1.80) <.001  <.001

Index, mean (SD)
History of tobacco use 8449 (23.4) 6953 (23.9) 549(32.1) 6404 (23.4) <.001 1496(21.0) 128(27.5) 1368(20.6) <.001 <.001
Mental health disorders

Adjustment 1626 (4.5) 1061 (3.7) 68 (4.0) 993 (3.6) 46 565 (8.0) 39 (8.4) 526 (7.9) 72 <.001
Anxiety 5767 (15.9) 4487 (15.4) 376 (22.0) 4111(15.0) <001 1280(18.0) 117 (25.2) 1163(17.5) <001 <.001
Mood 5856 (16.2) 4393 (15.1) 362 (21.2) 4031 (14.7) <.001 1463 (20.6) 130(28.0) 1333 (20.1) <.001 <.001
Suicide or self-harm 123 (0.3) 104 (0.4) 9 (0.5) 95 (0.4) 23 19 (0.3) 4(0.9) 15 (0.2) .01 .24
Disruptive 993 (2.7) 831 (2.9) 62 (3.6) 769 (2.8) .05 162 (2.3) 11 (2.4) 151 (2.3) .90 .007
Personality 82 (0.2) 72 (0.3) 8(0.5) 64 (0.2) .06 10 (0.1) 0 10 (0.2) 40 .09
Psychosis 195 (0.5) 157 (0.5) 21(1.2) 136 (0.5) <.001 38(0.5) 5(1.1) 33(0.5) .10 .95
Other 1309 (3.6) 749 (2.6) 58 (3.4) 691 (2.5) .03 560 (7.9) 36 (7.7) 524 (7.9) 91 <.001
Alcohol or substance 887 (2.5) 744 (2.6) 75 (4.4) 669 (2.5) <.001 143 (2.0) 19 (4.1) 124 (1.9) .001 .007

abuse disorders
Pain disorders

Arthritis 16781 (46.4) 13281 (45.7) 1075 (62.8) 12206 (44.6)  <.001 3500 (49.2) 291(62.6) 3209 (48.3) <.001 <.001
Back 9047 (25.0) 7283 (25.1) 672(39.3) 6611(24.2) <001 1764 (24.8) 191(41.1) 1573(23.7) <.001 .67
Neck 4660 (12.9) 3841(13.2) 361(21.1) 3480(12.7) <.001 819 (11.5) 95(20.4) 724 (10.9) <.001 <.001
Other pain 14546 (40.2) 10813 (37.2) 874 (51.1) 9939 (36.3) <.001 3733 (52.5) 277(59.6) 3456(52.02) .002 <.001
conditions
(continued)
E4 JAMA Surgery Published online April 12, 2017 jamasurgery.com

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwor k.com/pdfaccess.ashx?url=/data/jour nals/sur g/0/ on 04/13/2017


http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2017.0504

New Persistent Opioid Use After Minor and Major Surgery in US Adults

Original Investigation Research

Table 1. Preoperative Patient Characteristics and Univariate Outcomes Analyses? (continued)

No. (%) No. (%) fo\rlalue
Minor Major Minor
Overall Surgery Persistent No Persistent P Surgery Persistent No Persistent P Vs
Characteristic Group Cohort Opioid Use Opioid Use Value Cohort Opioid Use Opioid Use Value Major
Opioid prescription
fulfillments
30d before 6539 (18.1) 5222 (18.0) 435(25.4) 4787 (17.5) <.001 1317(18.5) 108 (23.2) 1209 (18.2) .007 .27
procedure
Total opioid dose of 225 (150) 225 (150) 225(187.5) 225 (150) <.001 225 (187.5) 300 (262.5)  225(187.5) <.001 <.001

prescriptions within
surgical window,
median (IQR), OME

Abbreviations: IQR, interquartile range; OME, oral morphine equivalency.

2 Univariate analyses were performed within each of the surgical groups as well as between groups for the outcome of new persistent opioid use.

Figure 3. Incidence of New Persistent Opioid Use by Surgical Condition

. Minor surgery group D Major surgery group D Control group

Varicose Vein Removal
Laparoscopic Cholecystectomy
Laparoscopic Appendectomy
Hemorrhoidectomy
Thyroidectomy

Transurethral Prostate Surgery
Parathyroidectomy

Carpal Tunnel

Ventral Incisional Hernia Repair

Colectomy

Reflux Surgery

Bariatric Surgery

Hysterectomy

Nonoperative Comparisons

0 2 4 6 8 10 12 14
Incidence of New Opioid Use, %

The incidence of new persistent opioid use was similar between the 2 groups
(minor surgery, 5.9% vs major surgery, 6.5%; odds ratio, 1.12; SE, 0.06; 95% Cl,
1.01-1.24). By comparison, the incidence in the nonoperative control group was
only 0.4%.

ratio, 1.04; 95% CI, 0.93-1.18; P = .48) (Table 2). The mean (SD)
number of prescriptions was 1.4 (0.9), with a mean (SD) of 53
(105.3) pills. Of those filling an opioid prescription between 90
and 180 days after surgery, the mean (SD) number of opioid
prescriptionsin the study period was 3.3 (2.0) with a mean (SD)
of 125 (200.4) pills.

Risk Factors for New Persistent Opioid Use

In this cohort, tobacco use, alcohol and substance abuse dis-
orders, and comorbid conditions increased the risk of new per-
sistent opioid use among opioid-naive patients, regardless of
surgical procedure (Table 2). In addition, anxiety, depres-
sion, and other preoperative pain disorders (ie, back pain, neck
pain, arthritis, and centralized pain conditions) were indepen-

jamasurgery.com

dently associated with continued postoperative opioid use. Pa-
tients receiving an opioid prescription in the 30 days before
surgery had almost 2-fold higher odds of persistent opioid use
after surgery, even after adjustment for other covariates. While
there was a significant association between those patients re-
ceiving the most opioids in the perioperative period (300 mg
OME or higher) and new persistent use, the effect size was fairly
small (adjusted OR, 1.14; 95% CI, 1.03-1.27).

In the mixed-effects model of the US Census Bureau re-
gions (Table 2), the West South Central (incidence = 7.02%) and
East South Central (incidence = 7.85%) regions were indepen-
dently associated with higher rates of new persistent opioid
use, while the Middle Atlantic region (incidence = 3.78%) was
independently associated with a lower incidence of new per-
sistent opioid use.

|
Discussion

In this study of a large cohort of privately insured patients in
the United States, 6% of patients undergoing both minor and
major surgical procedures continued to use opioids after 90
days after surgery. Rates of prolonged use were similar be-
tween those who underwent minor and major procedures, and
patients with a greater number of comorbidities, including pain
conditions, substance abuse, and mental health disorders, were
particularly vulnerable to prolonged opioid use (Table 2). Given
the declining rates of morbidity and mortality following com-
mon elective surgical procedures, new persistent opioid use
represents an important, common, and underrecognized com-
plication of perioperative care.?%*®

Approximately 50 million ambulatory surgical proce-
dures were performed in the United States in 2010'®; thus, our
findings suggest that more than 2 million individuals may tran-
sition to persistent opioid use following elective, ambulatory
surgery each year. When including inpatient surgical proce-
dures and considering the growth in surgical care in the United
States, the number may be much higher. As such, our find-
ings suggest that more than 2 million individuals may transi-
tion to persistent opioid use following elective surgery each
year. These results are aligned with reports published by Clarke
etal®and Alam et al” describing prolonged postoperative opi-
oid use among a population-based sample of Canadians 65
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Table 2. Multivariate Logistic Regression Model of New Persistent Opioid Use

Adjusted Odds Ratio

Characteristic (95% Cl)

Minor (0) vs major (1) surgery cohort 1.09 (0.96-1.23)

College degree or more
Some college

High school

Less than high school

Age,y
18-29 1 [Reference]
30-39 0.76 (0.64-0.90)
40-49 0.72 (0.61-0.84)
50-59 0.88 (0.75-1.04)
60-64 0.90 (0.74-1.10)
Female 0.99 (0.89-1.10)
Race/ethnicity
White 1 [Reference]
African American 1.13 (0.97-1.33)
Asian 0.73 (0.51-1.04)
Hispanic 0.98 (0.84-1.15)
Education

1 [Reference]

1.19 (1.03-1.38)
1.22 (1.04-1.43)
1.08 (0.53-2.18)

History of tobacco use 1.35(1.21-1.49)

Charlson Comorbidity Index 1.10 (1.08-1.13)

Other psychiatric
Alcohol or substance abuse

Disorders
Adjustment 0.86 (0.68-1.07)
Anxiety 1.25 (1.10-1.42)
Mood 1.15 (1.01-1.30)
Disruptive 1.03 (0.78-1.34)

0.85 (0.67-1.08)
1.34 (1.05-1.72)

Other pain 1.39 (1.26-1.54)
Pain

Back 1.57 (1.42-1.75)

Neck 1.22 (1.07-1.39)

Arthritis 1.56 (1.40-1.73)

Opioid prescription in 30 d before procedure 1.93 (1.71-2.19)

Total opioid dose (OME) during surgical window 1.14 (1.03-1.27)

of 300 mg or greater (75% percentile or greater)
Random effects parameter

Region variance, estimate; SE (95% Cl) 0.03

SE P Value
0.07 .18
NA NA
0.07 .002
0.06 <.001
0.07 13
0.09 .30
0.05 .90
NA NA
0.09 12
0.13 .08
0.08 .83
NA NA
0.09 .02
0.10 .01
0.39 .84
0.07 <.001
0.01 <.001
0.10 .18
0.08 <.001
0.07 .04
0.14 .98
0.10 17
0.17 .02
0.07 <.001
0.09 <.001
0.08 .002
0.08 <.001
0.12 <.001
0.06 .02
0.02 (0.007-0.10) NA Abbreviations: NA, not applicable;

OME, oral morphine equivalency.

years and older. Clarke et al® examined opioid use among all
patients who filled an opioid prescription within 90 days af-
ter surgery, and Alam et al” did not require an opioid prescrip-
tion after surgery for inclusion. In contrast, we specifically in-
cluded patients who only filled prescriptions during the
immediate perioperative procedure and excluded patients who
received additional anesthesia (and presumably additional pro-
cedures) after the index procedure. Our cohort represents the
direct transition from postoperative use to persistent use more
than 3 months after surgery among patients who are opioid na-
ive. Our results are also comparable with the 5% incidence of
new long-term opioids use after the first opioid exposure using
data from the Oregon prescription drug monitoring program,
which includes nonoperative opioid prescriptions.'®

More recently, Sun et al?>° described a lower incidence
(0.119%-1.41%) following a variety of surgical conditions using

JAMA Surgery Published online April 12, 2017

a definition of more than 10 opioid prescription fulfillments
or more than 120 days supplied between 3 and 12 months af-
ter surgery. While this definition identifies those patients fill-
ing large amounts of opioids, it may underestimate the inci-
dence of new persistent opioid use and captures only the far
extreme of opioid consumption. Surgical recovery would be
expected well before the 90-day to 180-day outcome period
used in the study, and any opioid use in this period is consid-
ered along-termissue and inappropriate in a previously opioid-
free cohort.

Persistent Use May Not Be Related to Surgical Pain

Our findings also highlight that prolonged opioid use follow-
ing surgery may not simply be a consequence of poorly con-
trolled pain. The pain experienced after major procedures
would be expected to be greater than for minor procedures,
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which could be more likely to result in continued opioid use
for long periods. However, we observed that new persistent
opioid use did not differ between major and minor proce-
dures. Aligned with our previous work, patients likely con-
tinue opioids for reasons other than intensity of surgical pain.
For example, approximately 4% of patients undergoing total
hip replacement and 8% undergoing knee arthroplasty who
were not taking opioids before surgery continued to use opi-
oids 6 months after surgery.® More interestingly, the change
in the surgical knee or hip pain intensity from prior to surgery
to 6 months after surgery was unrelated to new persistent opi-
oid use.

Long-term postsurgical pain has received considerable at-
tention in recent years,?! but the reasons for which patients con-
tinue to use opioids after surgery are complex and not simply
due to surgical pain. Unfortunately, opioids have been termed
painkillers despite the fact that their long-term benefit with
respect to pain relief has not been demonstrated.®222> More-
over, because opioids are prescribed medications, patients may
overestimate their safety and use opioids intended for post-
surgical pain for other symptoms, such as back and neck pain,
headaches, osteoarthritis, and insomnia, for which opioids are
not effective.?22* Previous studies have also demonstrated that
psychiatric conditions, such as depression, are associated with
long-term opioid use, and patients may continue to use their
postoperative opioids to treat emotional pain and affective
distress.?°3! Regional variation was also found, with higher
rates of new persistent opioid use in the East and West South
Central United States.

CDC Guidelines Fail to Address

Postoperative Prescribing

Despite the sharp focus on the opioid epidemic following the
release of the CDC Guidelines for Prescribing Opioids for
Chronic Pain,'>-2>:32:33 there has been little attention placed on
postoperative prescribing. The omission of postoperative pre-
scribing guidelines was appropriate in many ways, as the data
presented in the present study, to our knowledge, are among
the first to quantify the very serious scope of the problem, and
little is known regarding the variation in opioid consumption
following surgery. However, even with these data, the rea-
sons for which patients continue to use their opioids remain
unclear. Moreover, this study does not address the millions of
patients each year who receive excess opioids that often re-
main stored in an unsecure manner, thereby leading to poten-
tial diversion and abuse.>* While the CDC guidelines and an
increased attention on long-term outpatient management of
opioids has and will continue to decrease opioid prescribing,>
the effect of postoperative use on the opioid overdose epi-
demic has been less recognized. To our knowledge, there are
currently no normative data for postoperative opioid prescrib-
ing to guide practice, and as such, it has become an issue of
convenience and little attention has been placed on the po-
tential morbidity to follow.

Clinical Implications
Although opioids remain an integral part of acute postop-

erative pain management, the data do not support long-
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term efficacy. In fact, many experts believe that the risks of
opioids far outweigh the potential benefits.??2%2> As such,
new persistent opioid use after surgery represents a poor
long-term outcome and could be termed an adverse event.
Given that our cohort is largely made up of individuals
covered by employer-based plans and their dependents,
our findings further underscore the importance of pro-
longed postoperative opioid use among young individuals
during their prime years with respect to career and family
demands.

Although we noted that some procedures appeared to have
greater issues with persistent opioid use (eg, colectomy), we
believe that new persistent opioid use is inappropriate in most
cases. We acknowledge that the interventions may need to be
tailored to the condition in some cases, but there are cer-
tainly some aspects of patient and health care professional in-
terventions that are more generalizable.

Limitations

Despite the many strengths of this study, there are some
limitations. First, we did not capture actual opioid consump-
tion; however, the repeated opioid prescription fulfillments
(with an average of 3.3 prescription fills between 90 and 180
days) suggest that patients were continuing to use opioids.
Despite the fact that the cohort had not filled an opioid pre-
scription in the year prior to their procedures, it is possible
that the postoperative opioid prescriptions were related to
another procedure or diagnosis. To mitigate this risk, we
eliminated all patients with claims related to additional
anesthesia during the postoperative period. As was noted
above, the use of claims data does not allow for a granular
assessment of other painful conditions and mood disorders
(eg, degree of impairment or symptoms) that may be driving
persistent use. Prospective data are needed to better under-
stand the patient-level factors associated with new persis-
tent postoperative opioid use. In addition, our categorization
of major vs minor surgical conditions may be subject to cri-
tique, but the categories were created a priori and with guid-
ance from previous studies on this topic. Reclassifying some
of the procedures (eg, moving all laparoscopic procedures to
the minor surgery category) did not significantly change the
results (data not shown). Finally, our cohort was drawn from
a large, population-based cohort of insured adults and their
dependents, and our findings may not be generalizable to
the uninsured, underinsured, and individuals 65 years and
older.

. |
Conclusions

In a cohort of previously opioid-naive patients, approxi-
mately 6% continued to use opioids more than 3 months af-
ter their surgery, and as such, prolonged opioid use can be
deemed the most common postsurgical complication. New
persistent opioid use is not different among patients who
underwent minor and major surgical procedures, thereby sug-
gesting that prolonged opioid use is not entirely due to surgi-
cal pain.

JAMA Surgery Published online April 12, 2017

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwor k.com/pdfaccess.ashx?url=/data/jour nals/sur g/0/ on 04/13/2017

E7


http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2017.0504

E8

Research Original Investigation

ARTICLE INFORMATION
Accepted for Publication: February 12, 2017.

Published Online: April 12, 2017.
doi:10.1001/jamasurg.2017.0504

Author Affiliations: Division of Pain Medicine,
Department of Anesthesiology, University of
Michigan Medical School, Ann Arbor (Brummett,
Goesling, Moser, Kheterpal); Institute for
Healthcare Policy and Innovation, University of
Michigan, Ann Arbor (Brummett, Waljee, Lin,
Englesbe, Bohnert, Kheterpal, Nallamothu);
Department of Surgery, University of Michigan
Medical School, Ann Arbor (Waljee, Englesbe);
Department of Psychiatry, University of Michigan
Medical School, Ann Arbor (Bohnert); Injury
Research Center, University of Michigan Medical
School, Ann Arbor (Bohnert); Veterans' Affairs
Center for Clinical Management Research,

Ann Arbor, Michigan (Bohnert, Nallamothu);
Michigan Center for Health Analytics and Medical
Prediction, Department of Internal Medicine,
University of Michigan Medical School, Ann Arbor
(Nallamothu).

Author Contributions: Drs Brummett and Moser
had full access to all the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.

Study concept and design: Brummett, Waljee,
Goesling, Englesbe, Bohnert, Kheterpal,
Nallamothu.

Acquisition, analysis, or interpretation of data:
Brummett, Waljee, Moser, Lin, Englesbe, Bohnert,
Nallamothu.

Drafting of the manuscript: Brummett, Waljee,
Goesling, Moser, Englesbe.

Critical revision of the manuscript for important
intellectual content: Brummett, Waljee, Lin,
Englesbe, Bohnert, Kheterpal, Nallamothu.
Statistical analysis: Waljee, Moser.

Obtained funding: Brummett, Englesbe.
Administrative, technical, or material support:
Brummett, Goesling, Lin, Englesbe, Kheterpal,
Nallamothu.

Supervision: Brummett, Waljee, Englesbe.

Conflict of Interest Disclosures: Dr Brummett
reports a patent for Peripheral Perineural
Dexmedetomidine licensed to the University

of Michigan and is a consultant with Tonix.

Dr Brummett has received research funding from
Neuros Medical. Dr Brummett receives support
from the National Institutes of Health (the National
Institute of Arthritis and Musculoskeletal and Skin
Diseases as well as the National Institute on Drug
Abuse) as well as from the University of Michigan
Dean’s Office for the Michigan Genomics Initiative.
Dr Waljee has received research funding from the
Agency for Healthcare Research and Quality, the
American College of Surgeons, and the American
Foundation for Surgery of the Hand and serves as
an unpaid consultant for 3M Health Information
Systems. Drs Brummett, Waljee, and Englesbe have
received funding from the Michigan Department of
Health and Human Services. No other disclosures
were reported.

Funding/Support: Drs Brummett, Waljee, and
Englesbe receive funding from the Michigan
Department of Health and Human Services. In
addition, Dr Waljee receives research funding from
the Agency for Healthcare Research and Quality
(grant KO8 IKO8HS023313-01).

JAMA Surgery Published online April 12, 2017

New Persistent Opioid Use After Minor and Major Surgery in US Adults

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Disclaimer: The content is solely the responsibility
of the authors and does not necessarily represent
the official views of the National Institutes of Health
or the Michigan Department of Health and Human
Services.

REFERENCES

1. Cullen KA, Hall MJ, Golosinskiy A. Ambulatory
surgery in the United States, 2006. Nat/ Health Stat
Report. 2009;(11):1-25.

2. Fecho K, Lunney AT, Boysen PG, Rock P,
Norfleet EA. Postoperative mortality after inpatient
surgery: incidence and risk factors. Ther Clin Risk
Manag.2008;4(4):681-688.

3. Russo A, Elixhauser A, Steiner C, Wier L.
Hospital-based ambulatory surgery, 2007:
statistical brief #86. In: Healthcare Cost and
Utilization Project (HCUP) Statistical Briefs.
Rockville, MD: Agency for Health Care Policy and
Research; 2010. https://www.hcup-us.ahrg.gov
/reports/statbriefs/sb86.pdf. Accessed November
15, 2016.

4. Birkmeyer JD. Progress and challenges in
improving surgical outcomes. Br J Surg. 2012;99
(11):1467-1469.

5. Finks JF, Kole KL, Yenumula PR, et al; Michigan
Bariatric Surgery Collaborative, from the Center for
Healthcare Outcomes and Policy. Predicting risk for
serious complications with bariatric surgery: results
from the Michigan Bariatric Surgery Collaborative.
Ann Surg. 2011;254(4):633-640.

6. Goodney PP, Siewers AE, Stukel TA, Lucas FL,
Wennberg DE, Birkmeyer JD. Is surgery getting
safer? national trends in operative mortality. J Am
Coll Surg. 2002;195(2):219-227.

7. Alam A, Gomes T, Zheng H, Mamdani MM,
Juurlink DN, Bell CM. Long-term analgesic use after
low-risk surgery: a retrospective cohort study. Arch
Intern Med. 2012;172(5):425-430.

8. Clarke H, Soneji N, Ko DT, Yun L,
Wijeysundera DN. Rates and risk factors for
prolonged opioid use after major surgery:
population based cohort study. BMJ. 2014;
348:g1251.

9. Goesling J, Moser SE, Zaidi B, et al. Trends and
predictors of opioid use after total knee and total
hip arthroplasty. Pain. 2016;157(6):1259-1265.

10. Hill MV, McMahon ML, Stucke RS, Barth RJ Jr.
Wide variation and excessive dosage of opioid
prescriptions for common general surgical
procedures [published online September 14, 2016].
Ann Surg.

11. Waljee JF, Zhong L, Hou H, Sears E, Brummett C,
Chung KC. The use of opioid analgesics following
common upper extremity surgical procedures:

a national, population-based study. Plast Reconstr
Surg. 2016;137(2):355e-364e.

12. Wunsch H, Wijeysundera DN, Passarella MA,
Neuman MD. Opioids prescribed after low-risk
surgical procedures in the United States,
2004-2012. JAMA. 2016;315(15):1654-1657.

13. Paulozzi LJ, Mack KA, Hockenberry JM;

Division of Unintentional Injury Prevention,
National Center for Injury Prevention and Control,
CDC. Vital signs: variation among states in
prescribing of opioid pain relievers and
benzodiazepines: United States, 2012. MMWR Morb
Mortal Wkly Rep. 2014;63(26):563-568.

14. Paulozzi LJ, Jones CM, Mack KA, Rudd RA;
Centers for Disease Control and Prevention (CDC).
Vital signs: overdoses of prescription opioid pain
relievers: United States, 1999-2008. MMWR Morb
Mortal Wkly Rep. 2011;60(43):1487-1492.

15. US Centers for Disease Control and
Prevention. Drug overdose deaths in the United
States hit record numbers in 2014. http://www.cdc
.gov/drugoverdose/epidemic/. Accessed June 20,
2016.

16. International Association for the Study of Pain.
IASP Task Force for the Classification of Chronic
Pain in ICD-11 prepares new criteria on postsurgical
and posttraumatic pain. http://www.iasp-pain.org
/PublicationsNews/NewsDetail.aspx?IltemNumber
=5134&navitemNumber=643. Accessed January 19,
2017.

17. US Centers for Disease Control and Prevention.
Calculating total daily dose of opioids for safer
dosage. https://www.cdc.gov/drugoverdose/pdf
/calculating total_daily_dose-a.pdf. Accessed
January 24, 2017.

18. Hall MJ, Schwartzman A, Zhang J, Liu X.
Ambulatory surgery data from hospitals and
ambulatory surgery centers: United States, 2010.
Natl Health Stat Report. 2017;(102):1-15.

19. Deyo RA, Hallvik SE, Hildebran C, et al.
Association between initial opioid prescribing
patterns and subsequent long-term use among
opioid-naive patients: a statewide retrospective
cohort study. J Gen Intern Med. 2017;32(1):21-27.

20. Sun EC, Darnall BD, Baker LC, Mackey S.
Incidence of and risk factors for chronic opioid use
among opioid-naive patients in the postoperative
period. JAMA Intern Med. 2016;176(9):1286-1293.

21. Kehlet H, Jensen TS, Woolf CJ. Persistent
postsurgical pain: risk factors and prevention. Lancet.
2006;367(9522):1618-1625.

22. ChouR, Turner JA, Devine EB, et al.

The effectiveness and risks of long-term opioid
therapy for chronic pain: a systematic review for a
National Institutes of Health Pathways to
Prevention Workshop. Ann Intern Med. 2015;162(4):
276-286.

23. Clauw DJ. Fibromyalgia: a clinical review. JAMA.
2014;311(15):1547-1555.

24. Deyo RA, Von Korff M, Duhrkoop D. Opioids for
low back pain. BMJ. 2015;350:g6380.

25. McCarthy M. Opioids should be last resort to
treat chronic pain, says draft CDC guideline. BMJ.
2015;351:h6905.

26. Campbell G, Nielsen S, Bruno R, et al. The Pain
and Opioids IN Treatment study: characteristics of a
cohort using opioids to manage chronic non-cancer
pain. Pain. 2015;156(2):231-242.

27. Edlund MJ, Martin BC, Fan MY, Braden JB,
Devries A, Sullivan MD. An analysis of heavy
utilizers of opioids for chronic noncancer pain in the
TROUP study. J Pain Symptom Manage. 2010;40
(2):279-289.

jamasurgery.com

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwor k.com/pdfaccess.ashx?url=/data/jour nals/sur g/0/ on 04/13/2017


http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2017.0504&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2017.0504
https://www.ncbi.nlm.nih.gov/pubmed/19294964
https://www.ncbi.nlm.nih.gov/pubmed/19294964
https://www.ncbi.nlm.nih.gov/pubmed/19209248
https://www.ncbi.nlm.nih.gov/pubmed/19209248
https://www.hcup-us.ahrq.gov/reports/statbriefs/sb86.pdf
https://www.hcup-us.ahrq.gov/reports/statbriefs/sb86.pdf
https://www.ncbi.nlm.nih.gov/pubmed/23001839
https://www.ncbi.nlm.nih.gov/pubmed/23001839
https://www.ncbi.nlm.nih.gov/pubmed/21897200
https://www.ncbi.nlm.nih.gov/pubmed/12168969
https://www.ncbi.nlm.nih.gov/pubmed/12168969
https://www.ncbi.nlm.nih.gov/pubmed/22412106
https://www.ncbi.nlm.nih.gov/pubmed/22412106
https://www.ncbi.nlm.nih.gov/pubmed/24519537
https://www.ncbi.nlm.nih.gov/pubmed/24519537
https://www.ncbi.nlm.nih.gov/pubmed/26871536
https://www.ncbi.nlm.nih.gov/pubmed/27631771
https://www.ncbi.nlm.nih.gov/pubmed/27631771
https://www.ncbi.nlm.nih.gov/pubmed/27631771
https://www.ncbi.nlm.nih.gov/pubmed/27631771
https://www.ncbi.nlm.nih.gov/pubmed/26818326
https://www.ncbi.nlm.nih.gov/pubmed/26818326
https://www.ncbi.nlm.nih.gov/pubmed/26978756
https://www.ncbi.nlm.nih.gov/pubmed/24990489
https://www.ncbi.nlm.nih.gov/pubmed/24990489
https://www.ncbi.nlm.nih.gov/pubmed/22048730
https://www.ncbi.nlm.nih.gov/pubmed/22048730
http://www.cdc.gov/drugoverdose/epidemic/
http://www.cdc.gov/drugoverdose/epidemic/
http://www.iasp-pain.org/PublicationsNews/NewsDetail.aspx?ItemNumber=5134&navItemNumber=643
http://www.iasp-pain.org/PublicationsNews/NewsDetail.aspx?ItemNumber=5134&navItemNumber=643
http://www.iasp-pain.org/PublicationsNews/NewsDetail.aspx?ItemNumber=5134&navItemNumber=643
https://www.cdc.gov/drugoverdose/pdf/calculating_total_daily_dose-a.pdf
https://www.cdc.gov/drugoverdose/pdf/calculating_total_daily_dose-a.pdf
https://www.ncbi.nlm.nih.gov/pubmed/28256998
https://www.ncbi.nlm.nih.gov/pubmed/27484682
https://www.ncbi.nlm.nih.gov/pubmed/27400458
https://www.ncbi.nlm.nih.gov/pubmed/16698416
https://www.ncbi.nlm.nih.gov/pubmed/16698416
https://www.ncbi.nlm.nih.gov/pubmed/25581257
https://www.ncbi.nlm.nih.gov/pubmed/25581257
https://www.ncbi.nlm.nih.gov/pubmed/24737367
https://www.ncbi.nlm.nih.gov/pubmed/24737367
https://www.ncbi.nlm.nih.gov/pubmed/25561513
https://www.ncbi.nlm.nih.gov/pubmed/26683610
https://www.ncbi.nlm.nih.gov/pubmed/26683610
https://www.ncbi.nlm.nih.gov/pubmed/25599444
https://www.ncbi.nlm.nih.gov/pubmed/20579834
https://www.ncbi.nlm.nih.gov/pubmed/20579834
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2017.0504

New Persistent Opioid Use After Minor and Major Surgery in US Adults

28. Edlund MJ, Steffick D, Hudson T, Harris KM,
Sullivan M. Risk factors for clinically recognized

opioid abuse and dependence among veterans

using opioids for chronic non-cancer pain. Pain.
2007:129(3):355-362.

29. Goesling J, Henry MJ, Moser SE, et al.
Symptoms of depression are associated with

opioid use regardless of pain severity and physical
functioning among treatment-seeking patients with
chronic pain. J Pain. 2015;16(9):844-851.

30. Sullivan MD, Edlund MJ, Steffick D, Unitzer J.
Regular use of prescribed opioids: association with
common psychiatric disorders. Pain. 2005;119(1-3):
95-103.

jamasurgery.com

31. Sullivan MD, Edlund MJ, Zhang L, Unditzer J,
Wells KB. Association between mental health
disorders, problem drug use, and regular
prescription opioid use. Arch Intern Med. 2006;166
(19):2087-2093.

32. Dowell D, Haegerich TM, Chou R. CDC guideline
for prescribing opioids for chronic pain: United
States, 2016. JAMA. 2016;315(15):1624-1645.

33. Frieden TR, Houry D. Reducing the risks of
relief: the CDC opioid-prescribing guideline. N Engl J
Med. 2016;374(16):1501-1504.

34. Kennedy-Hendricks A, Gielen A, McDonald E,
McGinty EE, Shields W, Barry CL. Medication

Original Investigation Research

sharing, storage, and disposal practices for opioid
medications among US adults. JAMA Intern Med.
2016;176(7):1027-1029.

35. Jones CM, Lurie PG, Throckmorton DC.

Effect of US drug enforcement administration’s
rescheduling of hydrocodone combination
analgesic products on opioid analgesic prescribing.
JAMA Intern Med. 2016;176(3):399-402.

JAMA Surgery Published online April 12, 2017

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwor k.com/pdfaccess.ashx?url=/data/jour nals/sur g/0/ on 04/13/2017

E9


https://www.ncbi.nlm.nih.gov/pubmed/17449178
https://www.ncbi.nlm.nih.gov/pubmed/17449178
https://www.ncbi.nlm.nih.gov/pubmed/26080041
https://www.ncbi.nlm.nih.gov/pubmed/16298066
https://www.ncbi.nlm.nih.gov/pubmed/16298066
https://www.ncbi.nlm.nih.gov/pubmed/17060538
https://www.ncbi.nlm.nih.gov/pubmed/17060538
https://www.ncbi.nlm.nih.gov/pubmed/26977696
https://www.ncbi.nlm.nih.gov/pubmed/26977701
https://www.ncbi.nlm.nih.gov/pubmed/26977701
https://www.ncbi.nlm.nih.gov/pubmed/27295629
https://www.ncbi.nlm.nih.gov/pubmed/27295629
https://www.ncbi.nlm.nih.gov/pubmed/26809459
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2017.0504

