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Background: Commercial insurance data show that chronic opioid use in opioid-naive patients occurs in 1.5% to
8% of patients undergoing surgical procedures, but little is known about patients with Medicaid.
Methods: Opioid prescription data andmedical coding data from 4,788Medicaid patients who underwent chole-
cystectomy were analyzed to determine opioid use patterns.
Results: A total of 54.4% of patients received opioids prior to surgery, and 38.8% continued to fill opioid prescrip-
tions chronically; 27.1% of opioid-naive patients continued to get opioids chronically. Patients who received ≥50
MME/d had nearly 8 times the odds of chronic opioid use. Each additional opioid prescription filled within 30
days was associated with increased odds of chronic use (odds ratio: 1.71).
Conclusion: Opioid prescriptions are common prior to cholecystectomy in Medicaid patients, and 38.8% of pa-
tients continue to receive opioid prescriptions well after surgical recovery. Even 27.1% of opioid-naive patients
continued to receive opioid prescriptions chronically.
Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).
INTRODUCTION

Drug overdose deaths are the primary cause of injury-related death
in the United States. Overdose deaths reached an all-time high of 93,000
in 2020 [1,2]. Approximately 70% of these deaths involve opioids [3].
Opioid prescriptions given at the time of surgery may be a gateway to
chronic opioid use (COU) and abuse [4]. Most patients take postopera-
tive opioids for a few days; however, some patients continue using opi-
oids long after the indication for postoperative pain control has passed.
Cholecystectomy is among the most common general surgical proce-
dures performed in the United States with an estimated 500,000 cases
done per year [5]. It is the most common operative procedure performed
inMedicaid and self-insured patients [6]. Evaluation of commercial insur-
ance data suggests that COU in previously opioid-naive patients occurs
in 1.5% to 8% of patients undergoing common surgical procedures
[7–13]. The cost of COU and potential morbidity and mortality associ-
ated with misuse is significant in both real and monetary terms [14].
uth Carolina, 114 Doughty St,
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Given the morbidity and costs associated with COU after surgery, the
lack of information aboutMedicaid patients, and concerns about dispar-
ities in outcomes, we sought to investigate the prevalence of COU after
cholecystectomy in the Medicaid population in South Carolina. We hy-
pothesized that higher opioid prescribing around the time of surgery
would be associatedwith a higher risk of chronic opioid use even in opi-
oid-naive patients.

MATERIALS AND METHODS

Study Design and Population. A retrospective longitudinal cohort
study was performed to assess opioid utilization patterns and risk fac-
tors for COU following cholecystectomy in Medicaid patients using
methods described previously [15]. Deidentifiedmedical and pharmacy
claims data for Medicaid patients enrolled between January 2014 and
December 2017 who underwent cholecystectomy were reviewed. The
dates were chosen as these data include prescriptions written before
and after SC initiated a mandatory reporting and prescription tracking
system (March 2016) but before SC Medicaid limited acute opioid pre-
scriptions to 5 days (May 2018). We used Medicare part-D data for
those patientswith dual coverage. Surgerieswere identified by using In-
ternational Classification of Diseases, Ninth Edition, Clinical Modification
ense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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(ICD-9-CM), ICD-10-CM, and Current Procedural Terminology (CPT)
codes. Patients with cancer, those with a hospital stay associated with
index surgery of greater than 7 days, those having other major surgical
procedures at the time of cholecystectomy, those with missing phar-
macy claims data, and those without continuous Medicaid coverage
during the study period were excluded. Patient data were analyzed
starting 6 months before cholecystectomy to 9 months following sur-
gery.

Opioid use was determined through pharmacy dispensing records.
In accordance with existing literature filling, a prescription was consid-
ered "use." Actual opioid consumption data were not available for anal-
ysis. Opioidmedicationswere converted intomorphine equivalent daily
dose (MME/d) using conversion factors provided by the US Centers for
Disease Control and Prevention [16]. We utilized MME/d as it is com-
monly used to assess risk of overdose. We converted total MME dis-
pensed to MME/d by dividing total MME dispensed over 30 days by
30. We excluded 238 opioid prescriptions involving patches and 1 pre-
scription for an opioid elixir because of data irregularities. Sensitivity
analyses performed to assess the impact of these exclusions demon-
strated that estimates were robust with no important differences be-
tween models that included or excluded elixir and patch opioids.

Comorbid conditions present in the 6 months prior to surgery were
identified using ICD-9-CM or ICD-10-CM codes based on Elixhauser def-
initions [17]. Day of dischargewas defined as day 0. The presurgical pe-
riod was defined as the 90 days leading up to surgery. The exposure
period was defined as the 30 days after discharge, which represents
the typical time when most patients take opioids for postsurgical pain.
Fig 1. Timeline and definitions, South
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The follow-up period was defined as day 31 to 270 (Fig 1). Any opioid
prescription filled 90 ormore days postdischargewas defined as chronic
use. Patients were clustered into opioid use trajectory groups using pre-
scription MME/d values from the 8-month follow-up period. The Medi-
cal University of South Carolina Institutional Review Board provided
exempt review for this investigation.

Exposure and Covariate Definitions. The primary exposures were opi-
oid use during the exposure period as characterized by opioid days (1–
5, 6–10, and >10 days) and mean MME/d (0 < MME < 20, 20 ≤ MME
<50, and MME ≥ 50). MME per day was chosen as the Centers for Dis-
ease Control and Prevention provide cutoff risks using this scale.
Thirty-day periods were used as schedule II narcotics can only be pre-
scribed for 30 days. MME was reported as average dispensed MME/d.
Opioid prescriptions active 90 days prior to admission until 270 days
following discharge were collected. The opioid type, strength, quantity,
and days' supply of each patient's prescriptions were used to estimate
the combined MME for each day. Thirty-day intervals were determined
for each patient for the 3 months prior to admission and for the 9
months following discharge. An average MME value was calculated for
each 30-day interval by dividing the total MME in the period by 30.

We assessed for risk factors associated with COU using patient dem-
ographics, including age on surgery date, sex, and race/ethnicity (non-
Hispanic white, non-Hispanic black, Hispanic, and unknown/other).
Baseline opioid use during the 90-day presurgery period was character-
ized by opioid-naive status or by daily opioid use (>0–49, 50–89, and
≥90 MME/d). We also reported the prescriber type (emergency
Carolina Medicaid, 2014–2017.

Image of Fig 1
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department, surgeon, primary care provider, or other) for opioid pre-
scriptions filled 14 or fewer days prior to surgery. Opioid use during
the presurgery, exposure, and follow-up periods was summarized
using mean MME/d and mean opioid days and by the percentage with
any dispensed opioids. Opioid use during the exposure period was
also characterized by opioid type (long versus short acting; single ver-
sus combination opioid medications), number of opioid prescriptions,
and the prescriber specialty identified in prescription data. Prescriptions
for other medication classes prescribed with opioids whichmight influ-
ence COU were analyzed. These included antipsychotics, antidepres-
sants, benzodiazepines, gabapentin, pregabalin, anxiolytics, muscle
relaxants, nonbenzodiazepine sedative/hypnotics, and duloxetine. Non-
steroidal anti-inflammatory drug (NSAID) use, physical therapy, occu-
pational therapy, and acupuncture were also assessed. Surgery and
process of care variables evaluated during the exposure period included
surgery length of stay, discharge to a skilled nursing or rehabilitation fa-
cility, days to first postsurgery visit with the surgeon and primary care
provider, total number of outpatient visits, total unique prescribing pro-
viders visited, and total unique nonprescribers visited (eg, physical
therapists). We also accounted for rehospitalization within 30 days
and between 31 and 270 days of discharge after cholecystectomy.
Anomalies in our Medicaid data set included missing surgery discharge
dates affecting 139 (2.9%) of surgeries.We defined the discharge date to
be the same as the admission date for these cases.

Statistical Analyses. Analysis methods have been described previously
in detail [15]. In brief, bivariate analyses were performed using t tests,
ANOVA, χ2, or Fisher exact tests, as appropriate. Odds ratios (ORs)
with 95% confidence intervals (CIs) were determined using logistic re-
gression. Separate models were run for both primary exposures. We
used group-based trajectory models to identify clusters of patients
with similar patterns of opioid use following the exposure period
based on monthly averages of mean MME/d values. These models are
based on finite mixture methods. We assumed a zero-inflated Poisson
distribution forMME/d values [18–20].We used SAS PROC TRAJ to com-
pare models with up to fourth-order polynomials and up to 6 groups.
We used Bayesian Information Criterion statistics to select the best
model based on number of trajectory groups. For each group, we se-
lected the best polynomialfit based on P values for parameter estimates.
We then used the predicted group assignment for each patient as the
dependent variable in a multinomial logistic model to infer which vari-
ables were most strongly associated with predicting group assignment.
Analyses were performed using SAS 9.4 (SAS Institute, Inc, Cary, NC).

RESULTS

From 2014 to 2017, we identified 4,788 cholecystectomy patients
that met inclusion criteria (Table 1 and Fig 2). The mean age of patients
was 35 years. The majority (88.8%) were female, and roughly half were
white (53.8%). The vast majority (95.7%) of cases were done laparosco-
pically. Nearly half (47.7%) of surgerieswere performed as an outpatient
or involved a 1-night hospital stay. Most patients (54.4%) received opi-
oids prior to surgery. Of the 4,788 patients studied, 1,858 (38.8%) con-
tinued to fill opioid prescriptions more than 90 days after surgery. Of
the 1,248 (26.1%) patients who received opioids in the 2 weeks leading
up to surgery, 508 (40.7%) received them from the emergency depart-
ment, 371 (29.7%) from primary care, and 309 (24.8%) from a surgeon.
Patients who received opioids from a primary care providerwere signif-
icantly more likely to receive opioid prescriptions chronically after sur-
gery. If presurgical opioids came from the ED provider or surgeon, these
patients did not have a statistically significant increased risk of receiving
chronic opioid prescriptions. The majority (95.1%) of patients who re-
ceived opioid prescriptions prior to surgery received prescriptions of
less than 49 MME/d. Patients who received prescriptions of greater
than 50 MME/d before surgery constituted a small group (2.7%) of
total patients, but nearly all (93.8%) these patients continued to receive
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opioids chronically. Almost half of the patients (2,184, 45.6%) were opi-
oid naive prior to surgery. More than 1 in 4 (592, 27.1%) of these pa-
tients continued to receive opioid prescriptions well after surgical
recovery. Opioid-related overdose treatment was required in 5 patients
(0.1%) and occurred between 75 and 215 days after surgery.

Chronic opioid users were prescribed opioids at a higher rate during
the exposure period (30 days after surgery) compared to those who did
not continue to receive opioids (88.1% vs 81.3%, P< .0001). Chronic opi-
oid users were slightly older (mean age 37.8 vs 33.1, P < .0001) and
weremore likely to be co-prescribedmedications including antidepres-
sants (17.4% vs 8.4%, P < .0001), benzodiazepines (14.8% vs 3.9%, P <
.0001), antipsychotics (4.2% vs 1.8%, P < .0001), and muscle relaxants
(7.5% vs 2.0%, P< .0001). In addition, chronic users had a higher comor-
bidity burden (3.2 vs 2.3 comorbidities, P < .0001) (Table 2).

Multivariable generalized linear model analysis demonstrated that
patients who received ≥50 MME/d in the 30 days after surgery had
nearly 8 times the odds of chronic opioid use compared to thosewho re-
ceived no opioids (OR: 7.76, 95% CI: 3.71–16.26). Those receiving be-
tween 20 and 50 MME/d had nearly double the odds for chronic use
(OR: 1.88, 95% CI: 1.31–2.71) (Table 3). Patients receiving ≤20 MME/d
had lower risk of COU (OR 0.56, 95% CI: 0.44–0.72) compared to those
who received no opioids. Patients who received opioids prior to surgery
had 73% greater odds for chronic use (OR: 1.73, 95% CI: 1.50–1.98). Each
additional opioid prescription filled during the exposure period was
associated with increased odds of chronic use (OR: 1.71, 95% CI: 1.48–
1.98). Those who were rehospitalized >30 days but ≤270 days follow-
ing discharge had more than 3 times greater odds for chronic use:
(OR: 3.69, 95% CI: 2.92–4.66). During the 1-month postsurgery
exposure period, prescribing of gabapentin concomitant with opioids
was associated with nearly twice the odds of COU (OR: 1.97, 95% CI:
1.31–2.95); for benzodiazepines and muscle relaxants, the odds were
80% higher (OR: 1.80, 95% CI: 1.37–2.38) and 61% (OR: 1.61, 95% CI:
1.11–2.34), respectively. Patients with severe depression (OR 1.21,
95% CI; 1.02–1.43) and sleep apnea (OR; 1.33, 95% CI: 1.01–1.74) also
had significantly greater odds of receiving opioids chronically. A sepa-
rate model using the number of opioid days during the 1-month post-
surgery period as the primary exposure produced similar results
(Table 3).

Group-based trajectory analysis demonstrated 4 opioid patterns
stratified by MME/d: little to no use (63.2%), low use (22.0%), medium
use (7.6%), and high use (7.2%) (Fig 3). Univariate analyses revealed
that medium- and high-use groups were somewhat more likely to be
male. Patients in the low-, medium-, and high-use groups were older,
weremore likely to have concomitantmedications prescribedwith opi-
oids, weremore likely to be rehospitalized, and had the highest number
of prescribers during the exposure period (Supplementary Table 2).

In multinomial models predicting group membership (Supplemen-
tary Table 3), patients in the high-use group were more likely to be
male, to have 1 or more substance use disorders, and to suffer from
chronic conditions. Risk factors that predicted inclusion in COU groups
include rehospitalization; non-naive opioid status prior to surgery; 10
or more mean opioid days and ≥50 MME/d; multiple opioid prescrip-
tions; and prescriptions for NSAIDs, gabapentin, benzodiazepines, or
muscle relaxants during the immediate postoperative period.

DISCUSSION

Cholecystectomy is among themost common operations performed
in the United States [5,21]. It is the most common operation performed
in Medicaid and self-insured patients, but little is known about opioid
use associated with cholecystectomy in this population [6]. This study
reveals high opioid prescribing before and sustained prescribing after
cholecystectomy in SC Medicaid patients. Of particular concern are pa-
tients who were opioid naive prior to surgery. More than a quarter of
these patients (27.1%) continued to receive opioids chronically. Surgery
may be an initial exposure gateway to chronic opioid use [4]. In a related



Table 1
Demographic and clinical characteristics for cholecystectomy, SC Medicaid 2014–2017

Measure Level Chronic⁎ Nonchronic Total P value

Unique patients, n (%) 1858 (38.8%) 2930 (61.2%) 4788 <.0001
Age Mean (SD) 37.8 (13.0) 33.1 (12.6) 34.9 (12.9)
Age category, n (%) 18–34 y 896 (48.2%) 1884 (64.3%) 2780 (58.1%) <.0001

35–54 y 711 (38.3%) 819 (28.0%) 1530 (32.0%)
55–64 y 199 (10.7%) 162 (5.5%) 361 (7.5%)
65+ y 52 (2.8%) 65 (2.2%) 117 (2.4%)

Sex, n (%) Male 264 (14.2%) 272 (9.3%) 536 (11.2%) <.0001
Female 1594 (85.8%) 2658 (90.7%) 4252 (88.8%)

Race ethnicity, n (%) White 1061 (57.1%) 1517 (51.8%) 2578 (53.8%)
Black 545 (29.3%) 1072 (36.7%) 1617 (33.8%)
Hispanic 32 (1.7%) 83 (2.8%) 115 (2.4%)
Unknown/other 220 (11.8%) 258 (8.8%) 478 (10.0%)

Baseline measures (90 d presurgery period), n (%)
Opioid naive† 0 d 592 (27.1%) 1592 (72.9%) 2184 (45.6%) <.0001
Opioid use during 30 d before surgery >0–49 MME/d 1146 (46.3%) 1330 (53.7%) 2476 (95.1%) <.0001

50–89 MME/d 77 (92.8%) 6 (7.2%) 83 (3.2%)
≥90MME/d 43 (95.6%) 2 (4.4%) 45 (1.7%)
Total 1266 (48.6%) 1338 (51.3%) 2604 (100%)

Prescriber type for opioids ≤14 d before surgery‡‡ Emergency department 205 (40.4%) 303 (59.7%) 508 (40.7%) <.0001
Primary care provider 242 (65.2%) 129 (34.8%) 371 (29.7%) <.0001
Surgery 156 (50.5%) 153 (49.5%) 309 (24.8%) .65
Other 129 (62.6%) 77 (37.4%) 206 (16.5%) .0005
Total 644 (51.6%) 604 (48.4%) 1248 (100%)

Opioid use
Mean opioid days [mean (SD)] 90 d presurgery‡ 22.8 (31.2) 3.8 (9.4) 11.2 (22.8) <.0001

Exposure period⁎⁎ 10.8 (10.2) 4.6 (4.3) 7.0 (7.8) <.0001
≥90 d postsurgery 48.7 (60.8) 0 18.9 (44.7) <.0001

Mean MME [mean (SD)] 90 d presurgery 11.8 (26.6) 1.7 (6.1) 5.9 (18.5) <.0001
Exposure period 18.7 (28.6) 6.9 (6.8) 11.5 (19.5) <.0001
≥90 d postsurgery 13.3 (27.9) 0 (0) 5.6 (19.3) <.0001

Percent with opioid use 90 d presurgery 68.1% 45.7% 54.4% <.0001
Exposure period 88.1% 81.3% 83.9% <.0001
≥90 d postsurgery 100.0% 0.0% 38.7% <.0001

Other medications or alternative pain treatments during exposure period, n (%)
NSAIDS, APAP 208 (11.2%) 179 (6.1%) 387 (8.1%) <.0001
Antidepressants 323 (17.4%) 245 (8.4%) 568 (11.9%) <.0001
Antipsychotics 78 (4.2%) 54 (1.8%) 132 (2.8%) <.0001
Gabapentin 144 (7.8%) 47 (1.6%) 191 (4.0%) <.0001
Pregabalin 29 (1.6%) 3 (0.1%) 32 (0.7%) <.0001
Benzodiazepines 275 (14.8%) 114 (3.9%) 389 (8.1%) <.0001
Selected sedatives/hypnotics†† 77 (4.1%) 65 (2.2%) 142 (3.0%) .0002
Muscle relaxants 140 (7.5%) 57 (2.0%) 197 (4.1%) <.0001
Duloxetine 39 (2.1%) 21 (0.7%) 60 (1.3%) <.0001

Alternative pain treatments Physical therapy 25 (0.5%) 17 (0.6%) 42 (0.9%) .007
Occupational therapy 8 (0.4%) 7 (0.2%) 15 (0.3%) .18

Surgery and process of care variables
Rehospitalization, n (%) ≤30 d of discharge 87 (4.7%) 95 (3.2%) 182 (3.8%) .01

31–270 d postdischarge 329 (17.7%) 143 (4.9%) 472 (9.9%) <.0001
Skilled nursing and Rehab facilities, n (%) 2 (0.04%) 2 (0.1%) 4 (0.1%) .64
Hospital length of stay, n (%) 2 or more nights 980 (52.7%) 1535 (52.4%) 2515 (52.5%) .81

1 night or same day 878 (47.3%) 1395 (47.6%) 2273 (47.7%)
No. unique providers visited (claims data) Mean (SD) 1.3 (2.1) 0.8 (1.5) 1.0 (1.7) <.0001
No. distinct prescribers (pharmacy data) Mean (SD) 1.3 (0.8) 0.9 (0.6) 1.07 (0.7) <.0001
No. unique nonprescribers visited Mean (SD) 0.03 (0.2) 0.02 (0.15) 0.03 (0.2) .10

⁎ Use of opioids ≥90 days after discharge from procedure is the measure of "chronic use."
† Opioid-naive for analyses defined as 0 opioid day during 90 days prior to surgery.
‡ Presurgical period = 90 days prior to procedure.
⁎⁎ Exposure period = 30 days after discharge from procedure.
†† This category included nonbenzodiazepine sedative/hypnotics and selected anxiolytics.
‡‡ Patients with ≥1 prescription from given source; patients could have multiple prescribers.
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study, Brummett et al. reported that less than 6% of patients became
persistent opioid users after cholecystectomy. Their study used a com-
mercial insurance data source and a 180-day time frame postsurgery,
included only patients whowere opioid naive andwho had postsurgery
opioid exposure, and excluded those with subsequent surgeries. For
comparison purposes, we analyzed a subset of surgeries in our study
that most closely matched these more restrictive criteria and applied
the shorter 180-day postoperative time frame. We found that 18.8% of
previously opioid-naive Medicaid patients in this subset continued to
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receive opioids chronically as compared to the commercially insured
patients (6%) in the cohort of Brummett et al [12]. Although a more di-
rect comparison of these studies is not feasible, these findings suggest
the possibility of clinically relevant differences in chronic opioid use be-
tween patients who have commercial insurance and those who have
Medicaid in SC.

More than half (54.4%) of patients in this study received opioid pre-
scriptions prior to surgery, but the data are not sufficient to identify the
clinical indications for these prescriptions. Most prescriptions were for



Fig 2. Cohort diagram.
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less than 49MME/d. Of the 1,248 (26.1%) patients who received opioids
in the 2 weeks leading up to surgery, those who received them from a
primary care provider had a statistically significant increased risk of
continuing to receive opioids 90–270 days after discharge. If preopera-
tive opioid prescriptions came from an ED provider or surgeon, no sta-
tistically significant increased risk of chronic opioid prescribing was
Table 2
Comorbidities by chronic opioid outcome, n (%)

Condition⁎ Chronic opioid use†

Congestive heart failure 87 (4.7%)
Valvular disease 103 (5.5%)
Pulmonary circulation disease 29 (1.6%)
Peripheral vascular disease 71 (3.8%)
Hypertension without complications 705 (37.9%)
Hypertension with complications 127 (6.8%)
Paralysis 23 (1.2%)
Other neurological disorders 196 (10.5%)
Chronic pulmonary disease 518 (27.9%)
Diabetes w/o chronic complications 265 (14.3%)
Diabetes w/ chronic complications 150 (8.1%)
Hypothyroidism 171 (9.2%)
Renal failure 56 (3.0%)
Liver disease 265 (14.3%)
Peptic ulcer disease 25 (1.3%)
Acquired immune deficiency syndrome 12 (0.6%)
Rheumatoid arthritis 107 (5.8%)
Coagulopathy 47 (2.5%)
Obesity 617 (33.2%)
Weight loss 96 (5.2%)
Fluid and electrolyte disorders 327 (17.6%)
Chronic blood loss anemia 102 (5.5%)
Deficiency anemias 313 (16.8%)
Alcohol abuse 78 (4.2%)
Substance use disorder 232 (12.5%)
Psychoses 325 (17.5%)
Depression 16 (0.9%)
Sleep apnea 203 (10.9%)
Mean number of comorbidities 3.2 (2.8)

⁎ Elixhauser comorbidities as defined by Quan et al.16 Sleep apnea as defined by Oliva et al.2
† Use of opioids ≥90 days after discharge from procedure is the measure of "chronic use."
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seen. Themeaning of these findings is not clear. Some surgeons provide
prescriptions intended for postoperative use prior to surgery, so pa-
tients do not have to worry about picking up a prescription in the post-
operative period. The results of our study suggest that those
prescriptionsmay not contribute significantly to COU. The primary indi-
cation to perform cholecystectomy is pain related to the gallbladder.
Nonchronic use Total P value

89 (3.0%) 176 (3.7%) .0035
82 (2.8%) 185 (3.9%) <.0001
32 (1.1%) 61 (1.3%) .1858
60 (2.0%) 131 (2.7%) .0004
832 (28.4%) 1537 (32.1%) <.0001
137 (4.7%) 264 (5.5%) .0018
31 (1.1%) 54 (1.1%) .5765
201 (6.9%) 397 (8.3%) <.0001
583 (19.9%) 1101 (23.0%) <.0001
287 (9.8%) 552 (11.5%) <.0001
140 (4.8%) 290 (6.1%) <.0001
168 (5.7%) 339 (7.1%) <.0001
61 (2.1%) 117 (2.4%) .044
298 (10.2%) 563 (11.8%) <.0001
28 (1.0%) 53 (1.1%) .2565
9 (0.3%) 21 (0.4%) .1143
64 (2.2%) 171 (3.6%) <.0001
52 (1.8%) 99 (2.1%) .077
920 (31.4%) 1537 (32.1%) .193
113 (3.9%) 209 (4.4%) .0351
403 (13.8%) 730 (15.2%) .0004
300 (10.2%) 402 (8.4%) <.0001
478 (16.3%) 791 (16.5%) .632
70 (2.4%) 148 (3.1%) .0006
197 (6.7%) 429 (9.0%) <.0001
350 (11.9%) 675 (14.1%) <.0001
11 (0.4%) 27 (0.6%) .0454
160 (5.5%) 363 (7.6%) <.0001
2.3 (2.3) 2.7 (2.5) <0.0001

2
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Table 3
Odds of chronic use⁎ following cholecystectomy predicted by logistic model

Variable Level Opioid exposure model

Odds ratio (95% CI)

Opioid days exposure MME exposure

Opioid naive† No versus yes 1.75 (1.52–2.01) 1.73 (1.5–1.98)
Opioid days in 30 d following discharge 1–5 vs 0 days 0.60 (0.47–0.77)

6–10 vs 0 days 0.70 (0.53–0.93)
10+ vs 0 days 2.42 (1.73–3.4)

Mean daily MME in 30 d following discharge 0 < MME < 20 vs 0 MME 0.56 (0.44–0.72)
20 ≤ MME < 50 vs 0 MME 1.88 (1.31–2.71)
MME ≥ 50 vs 0 MME 7.76 (3.71–16.3)

Number of opioid prescriptions during exposure period Per additional prescription 1.44 (1.24–1.68) 1.71 (1.48–1.98)
Age category 35–54 vs 18–30 1.21 (1.03–1.42) 1.2 (1.02–1.41)

55–64 vs 18–30 1.33 (0.99–1.79) 1.36 (1.01–1.82)
65+ vs 18–30 1.30 (0.82–2.07) 1.25 (0.79–1.98)

Race/ethnicity Minority race/ethnicity versus white 0.90 (0.78–1.03) 0.93 (0.81–1.07)
Sex Female versus male 0.91 (0.72–1.14) 0.95 (0.75–1.19)
Other medications during exposure period NSAIDS, APAP 1.61 (1.26–2.06) 1.56 (1.22–2)

Antipsychotics 1.05 (0.66–1.65) 1.16 (0.73–1.82)
Antidepressants 1.10 (0.88–1.39) 1.1 0(0.88–1.39)
Gabapentin 1.77 (1.18–2.66) 1.97 (1.31–2.95)
Pregabalin 3.05 (0.86–10.8) 3.03 (0.84–10.9)
Benzodiazepines 1.93 (1.47–2.55) 1.8 (1.37–2.38)
Selected sedatives/hypnotics 0.80 (0.53–1.22) 0.76 (0.50–1.16)
Muscle relaxants 1.55 (1.07–2.26) 1.61 (1.11–2.34)
Duloxetine 1.19 (0.63–2.23) 1.13 (0.59–2.14)

Rehospitalization During exposure period 0.66 (0.45–0.97) 0.68 (0.46–1.01)
31–270 d after discharge 3.84 (3.03–4.85) 3.69 (2.92–4.66)

Comorbid conditions‡ Depression 1.20 (1.01–1.43) 1.21 (1.02–1.43)
Sleep apnea 1.38 (1.06–1.80) 1.33 (1.01–1.74)

⁎ Use of opioids ≥90 days after discharge from procedure indicates "chronic use."
† Opioid-naive for analyses defined as 0 opioid day.
‡ Only statistically significant comorbid conditions reported.
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Accordingly, patients may have received opioid prescriptions from pri-
mary care or ED providers while awaiting referral to a surgeon. The pre-
scription information available in our data set does not provide
Fig 3. Group-based trajectory analyses of cholecyst
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indications for opioid prescriptions, so the data are insufficient to deter-
mine why preoperative prescriptions from primary care are associated
with increased odds of chronic opioid prescribing relative to when
ectomy, South Carolina Medicaid, 2014–2017.

Image of Fig 3
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these prescriptions are provided by an ED provider or surgeon. Our data
suggest that all providerswho care for surgical patients should be aware
of the risks of opioid prescribing and use nonopioid pain management
regimens when possible.

Regardless of provider type, patients who received ≥50MME/d after
surgery had nearly 8 times the odds of chronic opioid use compared to
those who received no opioids following surgery (OR: 7.76, 95% CI:
3.71–16.26). These may represent patients with known pain control
problems or significant comorbidities. Even patients who received fairly
low (20–50MME/d) amounts of opioids after surgery had nearly double
the odds of chronic opioid use (OR: 1.88, 95% CI: 1.31–2.71) (Table 3). In
addition, patients who received opioids before surgery had a 73%
greater odds of continuing to receive opioid prescriptions chronically
(OR: 1.73, 95% CI: 1.50–1.98). Each additional opioid prescription filled
within 30 days of discharge was associated with increased odds of
chronic use (OR: 1.71, 95% CI: 1.48–1.98). Our data are insufficient to de-
termine the causative factors of these associations, but knowledge that
the associations exist may help prescribers tailor prescribing practices
more intelligently.

We identified 4 major trajectories of opioid prescribing after sur-
gery: none, low, medium, and high. Patients in the high-prescribing
group were more likely to be male, to have 1 or more substance
use disorder diagnosis, and to suffer from chronic comorbid condi-
tions. Risk factors during the exposure period that predicted inclu-
sion in chronic use groups include rehospitalization; non-naive
opioid status prior to surgery; 10 or more mean opioid days during
exposure period; ≥50 MME/d prescribed during the immediate post-
operative period; multiple opioid prescriptions; and prescriptions
for NSAIDs, gabapentin, benzodiazepines, or muscle relaxants.
Knowledge of these factors may help providers identify patients at
high risk for chronic opioid use after surgery.

These data suggest that efforts to use opioid-sparing pain manage-
ment practices should occur both before and after surgery as both
time frames may impact the odds of long-term opioid use. Chronic opi-
oid prescribing should be avoidedwhen possible as it is known to result
in more hospitalizations and provider visits [13]. The economic impact
of chronic opioid use is substantial. Persistent opioid use is associated
with $1,500 to $2,700 in additional health care spending with an addi-
tional $200 per month of sustained spending beyond 6 months follow-
ing surgery [22]. In addition, patients may go on to misuse or abuse
prescriptions and may transition to illicit drug use.

The high incidence of biliary disease in the United States, the signif-
icant cost of chronic opioid use, the high rate of opioid prescribing in
Medicaid patients shown in this study, and the role of taxpayers in
funding these patients suggest that additional efforts are needed to im-
prove prescribing practices in the perioperative period to focus on
nonopioid pain control measures. By using opioid-sparing prescribing
methods, providers may be able to decrease the risk of chronic opioid
use after surgery. Targeting risk mitigation to specific patient popula-
tions at highest risk for chronic opioid usemay be beneficial. South Car-
olina initiated efforts to improve prescribing in 2018 through the South
Carolina Surgical Quality Collaborative. Member facilities successfully
decreased opioid prescribing after common general surgical procedures
including cholecystectomy. Between 2018 and 2020, the average num-
ber of opioids prescribedwas cut in half for most procedures by the Col-
laborative. Given the high level of opioid prescriptions seen in this
study, Medicaid patients may benefit from targeted efforts to use opi-
oid-sparing techniques perioperatively.

This study has several limitations. The claimsdata do not provide ad-
equate information to determine the specific reasons why patients re-
ceived opioids prior to or after surgery. This was an association study
only. Causation should not be inferred from this study. There is insuffi-
cient information from our data set to make determinations about the
actual causes of continued opioid prescribing after cholecystectomy.
We use the term chronic opioid use as this term is consistent with
existing literature; however, data are only available on dispensed opioid
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prescriptions which may not represent actual opioid consumption. The
accuracy of administrative claims data is dependent on chart documen-
tation and coding practices, both of which have limitations and poten-
tial for error. Though included in our model, postoperative provider
visit data are difficult to interpret because of the global period associ-
ated with surgical charges. Methodologic differences and inconsis-
tencies in variable definitions exist in the literature, making
comparisons between studies limited. Calculation of MME/d was done
mathematically and may not accurately reflect the actual MME con-
sumed per day.

In conclusion,more than half (54.4%) of South CarolinaMedicaid pa-
tients who underwent cholecystectomy between 2014 and 2017 re-
ceived opioids prior to surgery. The majority (75.2%) of preoperative
prescriptions came from nonsurgeon providers. Almost 40% of patients
continue to receive opioid prescriptions well after surgical recovery.
HigherMME/d postoperative prescriptionswere associatedwith higher
odds of continuing to receive opioids chronically. Even among patients
who did not receive any opioids prior to surgery, 27.1% continued to
fill opioid prescriptions 90–270 days after surgery.
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