
Association of Opioid Prescribing With Opioid Consumption
After Surgery in Michigan
Ryan Howard, MD; Brian Fry, MS; Vidhya Gunaseelan, MBA, MS, MHA; Jay Lee, MD;
Jennifer Waljee, MD, MS, MPH; Chad Brummett, MD; Darrell Campbell Jr, MD;
Elizabeth Seese, MS; Michael Englesbe, MD; Joceline Vu, MD

IMPORTANCE There is growing evidence that opioids are overprescribed following surgery.
Improving prescribing requires understanding factors associated with opioid consumption.

OBJECTIVE To describe opioid prescribing and consumption for a variety of surgical
procedures and determine factors associated with opioid consumption after surgery.

DESIGN, SETTING, AND PARTICIPANTS A retrospective, population-based analysis of the
quantity of opioids prescribed and patient-reported opioid consumption across 33 health
systems in Michigan, using a sample of adults 18 years and older undergoing surgery. Patients
were included if they were prescribed an opioid after surgery. Surgical procedures took place
between January 1, 2017, and September 30, 2017, and were included if they were performed
in at least 25 patients.

EXPOSURES Opioid prescription size in the initial postoperative prescription.

MAIN OUTCOMES AND MEASURES Patient-reported opioid consumption in oral morphine
equivalents. Linear regression analysis was used to calculate risk-adjusted opioid
consumption with robust standard errors.

RESULTS In this study, 2392 patients (mean age, 55 years; 1353 women [57%]) underwent
1 of 12 surgical procedures. Overall, the quantity of opioid prescribed was significantly
higher than patient-reported opioid consumption (median, 30 pills; IQR, 27-45 pills of
hydrocodone/acetaminophen, 5/325 mg, vs 9 pills; IQR, 1-25 pills; P < .001). The quantity of
opioid prescribed had the strongest association with patient-reported opioid consumption,
with patients using 0.53 more pills (95% CI, 0.40-0.65; P < .001) for every additional pill
prescribed. Patient-reported pain in the week after surgery was also significantly associated
with consumption but not as strongly as prescription size. Compared with patients reporting
no pain, patients used a mean (SD) 9 (1) more pills if they reported moderate pain and 16 (2)
more pills if they reported severe pain (P < .001). Other significant risk factors included
history of tobacco use, American Society of Anesthesiologists class, age, procedure type, and
inpatient surgery status. After adjusting for these risk factors, patients in the lowest quintile
of opioid prescribing had significantly lower mean (SD) opioid consumption compared with
those in the highest quintile (5 [2] pills vs 37 [3] pills; P < .001).

CONCLUSIONS AND RELEVANCE The quantity of opioid prescribed is associated with higher
patient-reported opioid consumption. Using patient-reported opioid consumption to develop
better prescribing practices is an important step in combating the opioid epidemic.
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O pioids are widely overprescribed after surgery, with
up to 92% of patients having leftover opioids after
common operations.1-7 Excessive prescribing signifi-

cantly contributes to the current opioid health crisis: of the 3.8
million American individuals who misuse prescription opi-
oids, more than half get the medication from a friend or
relative.8 The millions of leftover pills available for diversion,
misuse, and abuse must be reduced to effectively address the
opioid epidemic.9

Single-institution initiatives have successfully reduced pre-
scribing by matching postoperative prescription size to pa-
tients’ opioid consumption in selected general surgery
procedures.6,10,11 At our own institution, we surveyed pa-
tients undergoing laparoscopic cholecystectomy regarding how
much opioid medication they used after surgery. Patient re-
sponses were used to develop evidence-based prescribing rec-
ommendations. These recommendations resulted in an im-
mediate and sustained 63% reduction in opioid prescription
size without an increase in refill requests or patient-reported
pain scores. Despite this initial success, little is known about
consumption in a wide range of procedures, or what patient
factors are associated with opioid consumption. In this con-
text, a population-based study of postoperative consump-
tion would help surgeons tailor prescriptions to patients’ an-
algesic needs.12,13

To better inform efforts to improve opioid prescribing, we
investigated the quantity of opioids prescribed and patient-
reported opioid consumption following common surgical pro-
cedures in a statewide population. We used data from the
Michigan Surgical Quality Collaborative (MSQC), a statewide
consortium that shares surgical outcomes data, to develop and
implement quality improvement strategies.14,15 Our 2 objec-
tives were to compare postoperative opioid prescription size
and patient consumption and to identify factors associated with
postoperative opioid consumption.

Methods
Data Source and Patient Population
The University of Michigan institutional review board ap-
proved this study of deidentified data as exempt from re-
view. Because these data were deidentified and survey par-
ticipation presented no more than minimal risk, patient consent
was not obtained. Data were obtained from a database main-
tained by the MSQC. The MSQC is a clinical registry that pro-
spectively collects data on patient demographics, periopera-
tive processes of care, and 30-day clinical outcomes after
primarily general surgery operations, as well as a limited num-
ber of vascular and gynecologic operations. Participating
hospitals receive funding from Blue Cross Blue Shield, a large
private payer in the state of Michigan, to support trained nurses
to abstract clinical data. Cases were reviewed using a sam-
pling algorithm designed to minimize selection bias and rep-
resent 90% of eligible cases, approximately 50 000 cases per
year.16

We retrospectively established the study cohort by iden-
tifying surgical procedures for which at least 25 patients re-

ported opioid consumption, between January 1, 2017, and Sep-
tember 30, 2017. For these procedures, we included patients
18 years and older who had elective, urgent, or emergent in-
patient or outpatient general surgery, vascular, and gyneco-
logic operations.

Patient-Reported Outcome Collection
Starting in January 2017, the MSQC began a pilot effort to col-
lect data on opioid prescriptions at the time of discharge from
surgery, patient-reported opioid consumption, and patient-
reported outcomes (PROs). Of the patients selected for inclu-
sion in the MSQC database, a subset of patients was sampled
for PRO collection. Because this was a pilot effort, sampling
algorithms were decided by each hospital’s clinical nurse re-
viewer based on feasibility given fluctuating workload. This
resulted in not all patients within the MSQC database being con-
tacted for PRO collection. Patients were contacted by tele-
phone or mail with a survey at postoperative day 30 and al-
lowed 90 days to respond (or until postoperative day 120).
Patients were asked to report how many opioid pills they had
consumed. Patients were also asked to report their pain score
in the first 7 days after surgery. Patients selected an answer from
the following scale: 1 (no pain), 2 (minimal pain), 3 (moderate
pain), and 4 (severe pain). Data regarding preoperative opioid
use were not collected. In cases where patient data were in-
complete (patients incompletely answered survey questions
or prescription dose was missing), these patients were ex-
cluded from analysis.

Outcome and Explanatory Variables
Demographic data included patient age and sex. Opioid pre-
scription data at the time of discharge from surgery included
opioid type, dose, and quantity of pills. The primary outcome
was quantity of opioid consumed after surgery. Prescription
and consumption data were converted to oral morphine
equivalents (OMEs) to adjust for varying potencies of differ-
ent medications.17 For ease of interpretation, opioid quantity
is also presented as an equivalent number of pills or tablets of
hydrocodone/acetaminophen, 5/325 mg, a common opioid
medication. One tablet of hydrocodone/acetaminophen, 5/325
mg (pill), is equivalent to 5 OMEs. To illustrate the burden to
the local community, we also tabulated the total number of pills

Key Points
Question What factors are associated with opioid consumption
after surgery?

Findings In this population-based study of patients undergoing
surgery in Michigan, 2392 patients used only 27% of the opioids
prescribed to them. Prescription size had the strongest association
with opioid consumption after surgery, with patients using an
additional 5 pills for every 10 extra pills prescribed.

Meaning Excessive opioid prescribing is associated with higher
opioid consumption after surgery. Using patient-reported opioid
consumption will improve postoperative opioid prescribing to
better match patient opioid requirements.
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from the prescriptions that remained in this statewide
cohort.

The primary explanatory variable of interest was the quan-
tity of opioid prescribed in the initial postoperative prescrip-
tion in OME. Additional explanatory variables included age,
sex, tobacco use, alcohol use, cancer, obesity, American Soci-
ety of Anesthesiologists (ASA) physical status classification,
surgical procedure, elective vs emergent status, inpatient vs
outpatient status, and patient-reported pain scores in the first
7 days after surgery. Outpatient status was determined for pa-
tients who had a hospital length of stay of 0 days. These ex-
planatory variables were chosen to include a broad variety of
factors that may influence postoperative opioid consump-
tion and to account for potential cofounders. All variables were
included in the analysis.

Analysis
Descriptive statistics were used to characterize the prescrib-
ing and consumption patterns for each procedure. Opioid con-
sumption is represented as median consumption in OMEs and
interquartile range (IQR). Opioid quantities prescribed and con-
sumed were compared using the Mann-Whitney U test. A mul-
tivariable linear regression model was used to evaluate the co-
variate-adjusted association between the quantity of opioid
prescribed and patient-reported opioid consumption. The
model was also used to calculate risk-adjusted means and 95%
confidence intervals (95% CIs) for patient-reported opioid con-
sumption. Risk adjustment was performed by including the
aforementioned explanatory variables in the regression model.
Robust standard errors were calculated owing to violation of
the heteroscedasticity assumption. The assumption of nor-
mality was visually assessed using a Q-Q plot. There was no
evidence of multicollinearity, as evidenced by tolerance val-
ues greater than 0.1. Two-sided significance tests were used
for all analyses, and significance was set at P less than .05. All
analyses were conducted using Stata, version 15 (StataCorp).

Results
From January 1, 2017, to September 30, 2017, data from 20 268
patients across 33 hospitals were collected (Figure 1). Of these
patients, an unspecified number were contacted for PRO col-
lection based on individual hospitals’ sampling algorithms. Of
this sample, 5049 received an opioid prescription at dis-
charge. Of these patients, 2557 reported opioid consumption
and had complete survey data. There were 12 surgical proce-
dures performed in at least 25 patients, resulting in a total of
2392 patients included in this cohort for analysis (Table 1). Sur-
gical procedures included laparoscopic cholecystectomy; lapa-
roscopic appendectomy; inguinal and femoral hernia repair
(open or laparoscopic); open incisional hernia repair; laparo-
scopic colectomy; open colectomy; ileostomy and colostomy
takedown; small-bowel resection and/or enterolysis; thyroid-
ectomy; vaginal hysterectomy; laparoscopic or robotic hys-
terectomy; and abdominal hysterectomy. There were no vas-
cular procedures with more than 25 patients during the study
period, and therefore, none were included for analysis. The

most common procedures were open and laparoscopic ingui-
nal/femoral hernia repair (n = 659 of 2392 [28%]), laparo-
scopic cholecystectomy (n = 25 of 2392 [25%]), and laparo-
scopic appendectomy (n = 224 of 2392 [9%]). Mean age in this
population was 55 years, and 1353 patients were women (57%).
For the entire cohort, 1833 patients (77%) underwent elective
surgery while 559 (23%) underwent urgent or emergent sur-
gery. Outpatient procedures were performed for 1100 pa-
tients (46%), and 1292 patients (54%) had a hospital length of
stay of 1 day or greater.

Comparison of Quantity of Opioid Prescribed
and Patient-Reported Opioid Consumption
Quantity of opioid prescribed was significantly greater than
quantity consumed for all 12 operations (Figure 2). Median OME
prescribed overall for this cohort was 150 OME (IQR, 135-
225), equivalent to 30 pills (IQR, 27-45) of hydrocodone/
acetaminophen, 5/325 mg. Median OMEs consumed was 45
OMEs (IQR, 5-125) or 9 pills (IQR, 1-25) (P < .001). Overall, me-
dian consumption was 27% of the prescribed amount. For all
procedures except ileostomy/colostomy takedown, median
opioid consumption was less than half of quantity pre-
scribed. Consumption ranged from 3% (95% CI, 0-25%) of
quantity prescribed following thyroidectomy to 67% (95% CI,
46%-72%) of quantity prescribed following ileostomy/
colostomy takedown.

Overall, 582 patients (24%) reported taking no opioids af-
ter surgery. This was highest following thyroidectomy (19 pa-
tients [48%] took no opioids) and laparoscopic colectomy
(38 patients [34%] took no opioids) and lowest following ab-
dominal hysterectomy (17 patients [20%] took no opioids) and

Figure 1. Cohort of Patients Reporting Opioid Use After Surgery

20 268 Patients undergoing surgery
in 33 hospitals

5049 Received an opioid
prescription at discharge

2557 Had complete prescription,
consumption, and pain data

6222 Responded to PRO surveya

2392 Met inclusion criteria

1173 No opioid prescription at
discharge

165 Did not meet inclusion criteria

2492 Incomplete data

Patients at 33 health systems were surveyed for patient-reported outcomes
(PROs).
a In this pilot project, each health system was allowed to determine their own

sampling algorithm to fit their unique and fluctuating workload; health
systems did not report the total number of patients contacted.
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laparoscopic cholecystectomy (128 patients [21%] took no opi-
oids). Consumption of the entire prescription occurred in
only 534 patients (22%). This was highest for ileostomy/
colostomy takedown (24 patients [42%] took the entire pre-
scription) and lowest for thyroidectomy (1 patient [3%] took
the entire prescription).

Median number of leftover OMEs for the entire cohort was
100 (IQR, 25-150). Median number of leftover pills was 19 (IQR,

4-29). This ranged from 10 (IQR, 0-27) following ileostomy/
colostomy takedown to 24 (IQR, 13-30) following thyroidec-
tomy (eTable in the Supplement). Overall, the 2392 patients
in this cohort had a total of 42 692 pills (58%) remaining.

Variables Associated With Patient-Reported
Opioid Consumption
The linear regression model for opioid consumption follow-
ing surgery is presented in Table 2. Although significant out-
liers exist in the data, the model had a good fit, with R2 = 0.47.
Quantity of opioid prescribed had the strongest association
with postoperative opioid consumption because it had the
highest standardized β coefficient in the multiple regression
model (standardized β = 0.565). For each additional OME pre-
scribed, patients used an additional 0.53 OMEs (95% CI, 0.40-
0.65; P < .001), which equates to using 5.3 more pills for ev-
ery 10 additional pills prescribed. A patient prescribed 100 pills
could therefore be expected to use roughly 40 more pills than
a patient prescribed 20 pills. Risk-adjusted opioid consump-
tion at the mean of each quintile of opioid prescription size in
this cohort is shown in Figure 3. Specifically, patients in the
lowest quintile used significantly fewer opioids compared with
patients in the highest quintile (mean [SD], 5 [2] pills vs 37 [3]
pills; P < .001).

Higher pain scores in the week following surgery were
also associated with increased opioid consumption but to a

Table 1. Patient and Procedure Characteristics

Characteristic No. (%)
All patients 2392 (100)

Age, y

<45 670 (28)

45-64 1001 (42)

≥65 721 (30)

Sex

Male 1039 (43)

Female 1353 (57)

Tobacco use

Yes 524 (22)

No 1868 (78)

Alcohol use

Yes 68 (3)

No 2324 (97)

Cancer

Yes 148 (6)

No 2244 (94)

Obesity

Yes 1148 (48)

No 1244 (52)

ASA class

1 184 (8)

2-3 2132 (89)

4-5 76 (3)

Elective/emergent status

Elective 1833 (77)

Emergent/urgent 559 (23)

Outpatient surgery

Outpatient 1100 (46)

Inpatient 1292 (54)

Procedure

Laparoscopic cholecystectomy 603 (25)

Laparoscopic appendectomy 224 (9)

Inguinal/femoral hernia repair (open/laparoscopic) 659 (28)

Open incisional hernia repair 159 (7)

Laparoscopic colectomy 112 (5)

Open colectomy 102 (4)

Ileostomy/colostomy takedown 59 (2)

Small bowel resection and enterolysis 33 (1)

Thyroidectomy 40 (2)

Vaginal hysterectomy 113 (5)

Laparoscopic/robotic hysterectomy 203 (8)

Abdominal hysterectomy 85 (4)

Abbreviation: ASA, American Society of Anesthesiologists.

Figure 2. Opioid Prescription Size and Consumption

4035302520151050

Tablets of Hydrocodone/Acetaminophen,
5/325 mg, No.

Laparoscopic Cholecystectomy

Laparoscopic Appendectomy

Inguinal/Femoral Hernia Repair

Open Incisional Hernia Repair

Laparoscopic Colectomy

Open Colectomy

Small-Bowel
Resection/Enterolysis

Vaginal Hysterectomy

Ileostomy/Colostomy Takedown

Thyroidectomy

Abdominal Hysterectomy

Laparoscopic/Robotic
Hysterectomy

Median pills consumedMedian pills prescribed

P <.001 for all procedures

Median opioid prescription size and patient-reported consumption for all
12 procedures in tablets of hydrocodone/acetaminophen, 5/325 mg. Quantity
of opioid prescribed was significantly greater than patient consumption for
all procedures.
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lesser degree than quantity of opioid prescribed, as evi-
denced by smaller standardized β coefficients (standardized
β = 0.184 for moderate pain and β = 0.217 for severe pain).
Compared with patients reporting no pain after surgery,
patients who reported moderate pain used an additional 45
OMEs (95% CI, 33.54-57.54; P < .001) (9 pills) and patients
who reported severe pain used an additional 82.34 OMEs
(95% CI, 63.71-100.96; P < .001) (16 pills). There was no
increase in opioid consumption in patients who reported
minimal pain. Patients who reported minimal pain used an
additional 8 OMEs (95% CI, −3.12 to 19.87), although this was
not significant (P = .19).

Tobacco users tended to use 21.60 more OMEs (95% CI,
11.14-32.05; P < .001), or roughly 4 more pills, than nonsmok-
ers. Obese patients used 7.38 more OMEs (95% CI, 0.42-15.18;
P = .064), or roughly 2 more pills, than nonobese patients. Pa-
tients with ASA class IV through V used 31.92 more OMEs (95%

CI, 4.12-59.72; P = .02), or roughly 7 more pills, than ASA class
I patients. Outpatient surgery was associated with a de-
creased opioid use of 17.73 OMEs (95% CI −28.30 to −7.16;
P = .001), or roughly 4 pills. Increasing age was associated with
decreased opioid consumption after surgery, with patients
using 0.77 fewer OMEs (95% CI −1.02 to −0.53; P < .001) for each
year in age. Thus, a 65-year-old patient tended to use roughly
23 fewer OMEs, or 4 fewer pills, than a 35-year-old patient. Sex,
alcohol use, cancer, ASA class II through III, and elective sur-
gery status had no significant association with opioid con-
sumption after surgery.

Three of 12 surgical procedures were significantly associ-
ated with opioid consumption after adjusting for quantity pre-
scribed and patient factors. Compared with laparoscopic cho-
lecystectomy, patients tended to use an additional 13.09 OMEs
(95% CI, 2.12-24.07; P = .02) (3 pills) following open or laparo-
scopic inguinal/femoral hernia repair. Following laparoscopic

Table 2. Linear Regression Model

Variable β SE Standardized β P Value

Prescribed OME 0.529 0.063 0.565 <.001

Age −0.773 0.124 −0.104 <.001

Sex

Male 1 [Reference] 1 [Reference] 1 [Reference] NA

Female 5.922 4.733 0.024 .22

Tobacco use 21.596 5.331 0.0727 <.001

Alcohol use 5.833 11.903 0.008 .62

Cancer −12.728 11.637 −0.025 .27

Obesity 7.382 3.977 0.030 .06

ASA class .046

1 1 [Reference] 1 [Reference] 1 [Reference] NA

2-3 3.688 7.898 0.009 .64

4-5 31.920 14.175 0.046 .02

Elective surgery −2.762 6.923 −0.010 .69

Outpatient surgery −17.731 5.389 −0.072 .001

Procedure .16

Laparoscopic cholecystectomy 1 [Reference] 1 [Reference] 1 [Reference] NA

Laparoscopic appendectomy −21.106 7.797 −0.050 .007

Inguinal/femoral hernia repair
(open/lap)

13.092 5.597 0.048 .02

Open incisional hernia repair 14.707 8.854 0.030 .08

Laparoscopic colectomy −3.714 11.126 −0.007 .74

Open colectomy 8.869 15.185 0.145 .56

Ileostomy/colostomy 8.819 19.129 0.010 .67

Small bowel resection/enterolysis 39.391 25.941 0.037 .13

Thyroidectomy −32.895 12.061 −0.035 .006

Vaginal hysterectomy −12.085 9.980 −0.021 .23

Laparoscopic/robotic hysterectomy −10.622 6.699 −0.024 .11

Abdominal hysterectomy 14.887 11.631 0.022 .20

Pain score <.001

No pain 1 [Reference] 1 [Reference] 1 [Reference] NA

Minimal 8.329 5.898 0.033 .16

Moderate 45.541 6.119 0.184 <.001

Severe 82.337 9.497 0.217 <.001

Abbreviations: ASA, American
Society of Anesthesiologists; NA, not
applicable; OME, oral morphine
equivalents.
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appendectomy, patients used 21.11 fewer OMEs (95% CI, −36.40
to −5.82; P = .007) (4 pills) and following thyroidectomy, pa-
tients used 32.90 fewer OMEs (95% CI −56.55 to −9.24; P = .006)
(7 pills), compared with laparoscopic cholecystectomy.

Discussion
The 2 major findings of this study are that opioids are signifi-
cantly overprescribed after common surgical procedures, and
that the quantity of opioid prescribed is associated with higher
patient-reported opioid consumption even after controlling for
postoperative pain and other factors. Overprescribing was uni-
versally observed in this cohort, affecting each of the 12 pro-
cedures analyzed. This phenomenon was not limited to single,
outlier institutions, but was widespread across many hospi-
tals. This resulted in increased opioid consumption among pa-
tients who received larger prescriptions, as well as tens of thou-
sands of leftover pills in 9 months that entered communities
across the state of Michigan.

Our findings build on existing work demonstrating sig-
nificant disparities between the quantity of opioids pre-
scribed and consumed after surgery, posing a risk for diver-
sion to other patients and the community.3-5,7 Importantly,
overprescribing occurred for all procedures included in this
study, from relatively minor to major operations. Most pa-
tients who receive opioids after surgery do not dispose of left-
over medication.18 It is well established that most individuals
who misuse prescription opioids obtain the medication from
a friend or relative as opposed to “doctor shopping” or illicit
sources.8 Additionally, many heroin users first obtain opioids
from a prescription that is not their own.19,20 These data high-
light the importance of significantly changing the way opi-

oids are prescribed following surgery to decrease excess medi-
cation as a source for diversion and abuse.

This study also identified several factors that were asso-
ciated with opioid consumption following surgery. Patient-
specific factors associated with increased opioid consump-
tion included tobacco use and ASA classes IV through V. Obese
patients also trended toward significantly higher opioid use.
Smoking is known to be associated with higher pain intensity
and opioid use after surgery.21 Increased opioid use in pa-
tients with the highest ASA classification may be explained by
the fact that preoperative opioid use is more common in pa-
tients with a greater number of comorbodities.22 These pa-
tients also often have prolonged periods of recovery follow-
ing surgery, with pain delaying their return to baseline
functional status. Conversely, outpatient surgery and increas-
ing age were associated with decreased opioid consumption.
The former finding may reflect the presence of fewer comor-
bidities in patients who are candidates for outpatient sur-
gery, as well as the more routine use of multimodal analgesia
in this setting. These results may assist surgeons in using pa-
tient characteristics to provide opioid prescriptions that more
accurately reflect a given patient’s analgesic needs following
surgery. For example, for 2 patients undergoing the same op-
eration, these data suggest that a surgeon may comfortably ex-
pect an 80-year-old male nonsmoker to require significantly
less postoperative analgesia than a 30-year-old female smoker
with multiple comorbidities.

Association Between Quantity of Opioids
Prescribed and Consumed
This study found that the quantity of opioids prescribed had
the strongest association with opioid consumption after con-
trolling for surgical procedure and patient-specific factors in-
cluding postoperative pain. Importantly, this finding repre-
sents associations found in observational data and does not
confirm a causal association between larger prescriptions and
increased consumption. For example, the observed associa-
tion between opioid prescribing and consumption in this study
could be owing to clinicians prescribing more to patients with
preoperative opioid use, who are known to consume more
opioids.23,24 Because preoperative opioid use data were not col-
lected in this cohort, we were unable to adjust for this in our
analysis. Evaluating the effect of preoperative opioid use
will be the focus of future data collection. Despite this limita-
tion, others have demonstrated a similar association be-
tween opioid prescription size and consumption among pa-
tients undergoing laparoscopic cholecystectomy and cesarean
delivery.7,10,11 A plausible explanation for the association be-
tween prescription size and medication use is the anchoring
and adjustment heuristic. This is a psychologic heuristic
wherein a piece of information serves as an anchor on which
adjustments are made to reach an estimation or decision. For
example, obesity literature has shown that food intake in-
creases with portion size.25,26 In this case, a larger amount of
opioids may serve as a mental anchor by which patients esti-
mate their analgesic needs.

It is unsurprising that higher pain scores were associated
with increased opioid use in this cohort. However, our model

Figure 3. Association of Opioid Consumption With Opioid
Prescription Size
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Risk-adjusted opioid consumption at the mean of each prescription size quintile
in this cohort. Amount of opioid consumed and amount of opioid prescribed are
represented as tablets of acetaminophen/hydrocodone, 5/325 mg. Mean
quintile values are 17 tablets (range, 2-20), 29 tablets (range, 21-30), 36 tablets
(range, 34-38), 42 tablets (range, 40-45), and 77 tablets (range, 48-384),
respectively. Error bars show 95% confidence intervals for each mean. Amount
of opioid consumed increased significantly at each quintile of prescription size.
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suggests that the quantity of opioids prescribed is significantly
associated with opioid consumption after surgery, even more so
than pain. This finding may have significant clinical implica-
tions. The amount of opioids a surgeon prescribes to a patient
may influence that patient’s opioid consumption after surgery.
Increased opioid consumption exposes patients to increased risk
of the adverse effects of opioids. In studies of patients using opi-
oids for nonsurgical pain, higher doses were found to be asso-
ciated with increased risk of nonfatal and fatal overdose.27,28 At
least 1 study has shown larger index opioid prescriptions are also
associated with an increased rate of late opioid use, and this may
play a role in postoperative opioid consumption as well.29 In-
terventions designed to reduce prescribing may further eluci-
date its association with opioid consumption.

Next Steps and Limitations
These findings represent the critical first step of a large-scale
reduction strategy and should be leveraged to recommend
practice change. By using patient-reported data to define con-
sumption norms, procedure-specific prescribing recommen-
dations can be developed for wide use, expanding previous
single-institution efforts.10 In addition to procedure-specific
recommendations, patient-specific recommendations can also
be made to adjust for various factors associated with postop-
erative opioid consumption. While these factors will likely be
more nuanced in their application, they have the potential
to further tailor postoperative opioid prescribing. The end re-
sult would be prescriptions that adequately treat an indi-
vidual patient’s postoperative pain while resulting in the small-
est possible amount of leftover medication. Using collaborative
infrastructures, such as the MSQC or other professional soci-
eties, prescribing recommendations can be disseminated
widely. The effect of these changes can subsequently be evalu-
ated and refined through ongoing data collection and analy-
sis in a continuous cycle of quality improvement.30

This study is not without its limitations. Importantly, the
logistical implementation of PRO collection precludes calcu-
lation of a response rate. As part of the pilot PRO collection,
the MSQC allowed each hospital’s trained nurse reviewer to de-
termine the sampling algorithm according to their fluctuat-
ing workload. For this reason, we could not reliably estimate
the true denominator of patients contacted for PRO collec-
tion, because individual hospitals contacted had different sam-
pling strategies. This limitation prevents us from knowing pre-
cisely how representative this sample is of the overall patient
population. Additionally, roughly half of patients who re-

sponded to the survey and received an opioid prescription had
incomplete survey or prescription data and were excluded from
analysis. This is a limitation to the study because including
these patients would have doubled our sample size, likely re-
sulting in more robust findings. Despite these limitations in
determining response rate, the patient demographics and pro-
cedures in our cohort are generally similar to the MSQC co-
hort for the same time frame. Another limitation is that no data
regarding preoperative opioid use were collected, as previ-
ously discussed. This cohort almost certainly includes a num-
ber of patients who use opioids chronically because chronic
opioid use has a prevalence of 3% to 4%.31 Using these data to
develop prescribing recommendations may therefore overes-
timate postoperative analgesic requirements for opioid-
naive patients. However, intentionally keeping future recom-
mendations liberal in quantity may ultimately aid with
widespread adoption, especially for clinicians concerned that
prescribing reductions may lead to increased pain and calls for
refills after surgery. Our future data collection efforts will fo-
cus on evaluating preoperative opioid use. Additionally, it is
clear that significant outliers exist in opioid consumption,
which is likely driven by patient-specific factors. An under-
standing of the factors that lead to minimal or excessive opi-
oid use after surgery will further assist in improving prescrib-
ing practices. A further limitation is that patient consumption
data relied on the patient’s recollection of how many pills they
consumed, which may not be accurate. Nevertheless, studies
that have prospectively analyzed use of prescribing recom-
mendations showed good association with patient-reported
consumption.

Conclusions
Excessive opioid prescribing after surgery is not limited to single,
outlier procedures or institutions but is widespread. In addi-
tion, prescription size is strongly associated with increased opi-
oid consumption among surgical patients. Recognizing over-
prescribing and accurately identifying patient consumption after
surgery is the first step in improving prescribing practices. Other,
multifactorial solutions, such as predictive modeling based on
patient characteristics, also have the potential to improve post-
operative prescribing. The immediate success of this approach
at the local level is already promising, and future work will ana-
lyze the effect of procedure-specific prescribing recommenda-
tions at a statewide level.
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