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BACKGROUND: There is a paucity of data to inform appropriate opioid prescribing for patients who are dis-
charged after a hospital admission for a surgical procedure.

STUDY DESIGN: We studied 333 inpatients discharged to home after bariatric, benign foregut, liver, pancreas,
ventral hernia, and colon surgery. Chronic opioid users or patients who had complications
were excluded. Home opioid usage was quantified in 90% of the remaining patients by ques-
tionnaires and phone surveys.

RESULTS: Eighty-five percent of patients were prescribed an opioid and 38% of prescribed opioid pills
were taken. Fifteen opioid pills satisfied the opioid needs of 88% of patients discharged on
postoperative day (POD) 1. For patients discharged after POD 1, in multivariate analysis,
the number of opioid pills used at home was associated with the number taken the day before
discharge (p < 0.0001) and patient age (p ¼ 0.006), but not the type of surgery. Forty-one
percent of patients took no opioids the day before discharge, 33% took 1 to 3, and 26% took
more than 4 pills. Eighty-five percent of patients’ home opioid requirements would be
satisfied using the following guideline: if no opioid pills are taken the day before discharge, no
prescription is needed; if 1 to 3 opioid pills are taken the day before discharge, then a
prescription for 15 opioid pills is given at discharge; and if 4 or more pills are taken the day
before discharge, then a prescription for 30 opioid pills is given at discharge. If these
guidelines were used, the number of opioid pills prescribed would decrease by 40%.

CONCLUSIONS: For patients admitted after surgical procedures, post-discharge opioid use is best predicted by
usage the day before discharge. Use of this guideline could decrease opioid prescriptions
substantially and effectively treat patients’ pain. (J Am Coll Surg 2017;-:1e8. � 2017 by
the American College of Surgeons. Published by Elsevier Inc. All rights reserved.)
Opioid overdose is now the leading cause of injury-related
death in the US, and has quadrupled in the past 15 years,
reaching nearly 19,000 deaths annually.1,2 This has been
linked to rising rates of opioid prescriptions, which have
similarly quadrupled since 1999. In 2012, 82.5 opioid
prescriptions were written per 100 persons.3,4 More than
5 million Americans report current opioid abuse (within
30 days), and 10.3 million report abuse during their
lifetime.2,5,6
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A substantial number of overdose deaths can be linked
to opioid prescriptions written by surgeons.7 Patients un-
dergoing any operation, who receive opioids, are at
increased risk of becoming chronic opioid users at a rate
of 3% to 7%, compared with a nonsurgical control rate
of 0.3%.8-11 In addition, diversion of pills to people
who were not the recipients of the original prescription re-
mains a major side effect of current opioid prescribing
practices. It is estimated that 71% of chronic opioid users
receive their medications through methods of
diversion.4,12

In recognition of this deadly problem, many states have
instituted legislation limiting the amount of opioid pills
that can be given to patients for acute or chronic condi-
tions.13,14 In general, these efforts have been based on
expert and legislative opinion rather than rigorous evi-
dence. Massachusetts and several other states have recently
passed legislation that limits new opioid prescriptions for
acute pain to “not more than a 7-day supply.”15,16 This
https://doi.org/10.1016/j.jamcollsurg.2017.10.012
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type of legislation, however, raises questions in its applica-
tion. Does a 7-day supply mean 84 opioid pills (if 2 pills
are taken every 4 hours), or 21 pills (if 1 pill is taken every
6 hours while awake)? Does one assume that the patient
will slowly wean off the pills, thereby requiring less over
time? Is the appropriate duration 7 days for opioid pain
control, or is it 5 days, or 10 days? The FDA has stated
that “until clinicians stop prescribing opioids far in excess
of the clinical need, this crisis will continue unabated.”17

Surgeons require data on postoperative home opioid use
by patients to match their prescriptions with patient
needs.
We have recently demonstrated that there is wide vari-

ation and overprescription of opioids for several outpa-
tient general surgical operations.18 Multiple recent
studies confirm that opioids are overprescribed in other
outpatient surgical procedures, including orthopaedic,
urologic, and oral maxillofacial surgery.19-23 After deter-
mining postoperative usage of opioids, we established
guidelines for operation-specific opioid prescriptions.18

Surgeon education via dissemination of these guidelines
at our institution resulted in a 53% reduction of opioid
pills prescribed after outpatient operations.24

Unfortunately, there remains a paucity of data to
inform appropriate opioid prescribing for patients who
are discharged after recovery from a surgical procedure
that requires hospital admission. Bartels and colleagues25

recently described significant discharge opioid overpre-
scribing to inpatient thoracic and cesarean section pa-
tients. We are not aware of data to guide appropriate
discharge opioid prescribing for patients who have been
admitted after general surgical procedures.26

The purpose of this study was to quantitate home
opioid usage after general surgical procedures that require
admission. We also sought to analyze factors that might
predict home opioid usage. We specifically hypothesized
that inpatient opioid usage before discharge would predict
post-discharge opioid needs.
METHODS
After obtaining approval from the Dartmouth Committee
for the Protection of Human Subjects, we queried our
electronic medical record to generate a database of all pa-
tients who underwent any of the following operations
from July 1, 2016 to December 31, 2016: laparoscopic
gastric bypass or sleeve gastrectomy, laparoscopic fundo-
plication (Nissen, Toupe, or other benign foregut
procedure), laparoscopic or open ventral hernia repair,
hepatectomy, laparoscopic or open pancreatectomy, and
laparoscopic, open, or robotic colectomy. The electronic
medical record of each patient was then reviewed to
determine length of stay, inpatient opioid use on the
day before discharge, outpatient postoperative opioid pre-
scriptions, postoperative complications, and opioid refills.
Patients discharged to an inpatient rehabilitation facility
or skilled nursing facility where patients cannot control
their own opioid administration and patients who were
not alive at the time of the query were not included.
Patients who had a history of opioid abuse, dependence,
or recent use (within 30 days of the procedure) were
excluded. In addition, patients who had a postoperative
complication (both pre- and post-discharge, within 30
days of index procedure), were excluded. In total, 333 pa-
tients were operated on and discharged to home over this
period (102 bariatric, 38 benign foregut, 16 hepatectomy,
17 pancreatectomy, 114 colectomy, and 46 ventral hernia
repair). After excluding 48 patients for preoperative
opioid use or abuse (14.4%) and 51 for postoperative
complications (15.3%), 234 patients were included in
the analysis (Table 1).
Data on inpatient opioid use for a full 24-hour day

before discharge were available only for patients dis-
charged on postoperative day (POD) 2 or later. For these
patients, inpatient opioid usage was calculated by deter-
mining the usage of oral and intravenous opioids on the
24-hour calendar day before discharge. Oxycodone tablets
(5 mg) were used as the standard dose to describe the
number of pills taken. All opioid usage was converted
to an equi-analgesic equivalent (ie 1 pill ¼ 5 mg
oxycodone ¼ 7.5 mg morphine equivalent).27

A questionnaire was mailed to all 234 patients meeting
inclusion criteria. Patients were questioned on postopera-
tive opioid use, additional analgesic use (ie acetamino-
phen or ibuprofen), opioid refills obtained, method of
disposal of leftover pills, satisfaction with opioid prescrip-
tion amount, and any comments on their overall experi-
ence with their pain control. We attempted to contact
by phone all patients who did not return the
questionnaire.
Simple descriptive statistics were generated to describe

the number of pills prescribed and taken on discharge.
Histograms of outpatient opioid use were generated,
stratified by length of stay and preoperative opioid re-
quirements. A Spearman correlation coefficient was
generated to examine the association between preopera-
tive and postoperative opioid use. Univariate associa-
tions between patient and surgical characteristics and
pills taken on discharge were performed using Wilcoxon
tests for 2 sample tests, or negative binomial regression
for independent variables with more than 2 categories.
Due to the non-normal count data with a high propor-
tion of zeros, a negative binomial model was used
for multivariate analyses, using all available univariate



Table 1. Case Type Analyzed, Patient Demographics, and Opioids Prescribed at Discharge for Patients Undergoing Inpatient
Stay after a General Surgery Procedure

Case type Bariatric Foregut Hepatectomy Pancreatectomy Colectomy Ventral hernia Total

Total cases, n 102 38 16 17 114 46 333

Excluded, n 19 5 4 7 45 19 99

Recent or chronic narcotic
use or abuse 6 3 3 2 22 12 48

Complications 13 2 1 5 23 7 51

Total analyzed, n 83 33 12 10 69 27 234

Received prescription, n (%) 83 (100) 30 (88.2) 8 (66.7) 8 (80.0) 45 (65.2) 24 (88.9) 198 (84.6)

Total no. of pills prescribed 2,347 789 163 149 1,481 549 5,065

Mean (SD) 28.3 (21.9) 23.2 (17.9) 12.5 (12.0) 14.9 (11.9) 17.8 (30.4) 18.3 (14.9)

Median 20 20 10 20 15 20

Range 6e105 0e70 0e30 0e35 0e252 0e100
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variables. All statistical analyses were performed using
SAS version 9.4.
RESULTS
The mean number of pills prescribed for each type of sur-
gery ranged from 12.5 (SD 12.0) for hepatectomies to
28.3 (SD 21.9) for bariatric surgery (Table 1). There
was a large amount of variability in prescribing practices,
with a range of 0 to 252 pills for colectomy and 6 to 105
pills for bariatric surgery (Table 1). Overall, 84.6% (198
of 234) of patients received an opioid prescription at
discharge.
Detailed information on postoperative analgesic usage

was obtained from 89.7% (210 of 234) of patients
(Table 2). Ninety-seven patients returned the mailed
questionnaire and 113 patients answered the question-
naire by phone. Thirty-eight percent of the opioid pills
prescribed to patients who responded to the questionnaire
were taken. Colectomy patients took the lowest percent-
age of prescribed pills (19.7%); hepatectomy and ventral
hernia patients took the highest percentage (53%). The
mean number of pills taken ranged from 4.7 pills for
Table 2. Home Opioid Use of Patients Analyzed after Inpatien

Variable
Bariatric
(n ¼ 83)

Foregut
(n ¼ 33)

Hepatect
(n ¼ 1

Questionnaires completed, n (%) 68 (81.9) 32 (94.2) 11 (84

Phone 38 (55.9) 20 (62.5) 8 (72

Paper 30 (44.1) 12 (37.5) 3 (27

No. of pills prescribed 1,921 753 153

No. of pills taken, n (%) 650 (33.8) 339 (45.0) 82 (53

Mean (SD) 9.7 (14.8) 10.6 (15.6) 7.5 (10

Median 4 6 0

Range 0e79 0e75 0e28

Refills, n (%) 3 (4.4) 3 (9.4) 1 (9.0
colectomy patients to 14.2 pills for ventral hernia pa-
tients. Fourteen patients (6.5%) obtained an opioid refill.

Home opioid use by patients discharged on post-
operative day 1

Because data on inpatient opioid use for a full 24-hour
day before discharge were available only for patients dis-
charged on POD 2 or later, we separated our patients
into 2 groups: those discharged on POD 1 and those dis-
charged on POD 2 or later. Forty-eight patients were dis-
charged on POD 1: 7 hernia, 16 foregut, and 25 bariatric
patients. The home opioid use of these patients is shown
in Figure 1. Forty-two percent of these patients took no
opioids, 83% took 10 pills or less, and 88% took 15 pills
or less. None of these patients required an opioid refill.
There was no difference in home opioid use based on
the type of operation.

Factors associated with home opioid use

For the 186 patients discharged on POD 2 or later, we
performed univariate and multivariate analyses of factors
associated with home opioid use (Table 3). In univariate
analysis, age (60 years or older vs less than 60 years,
t Discharge

omy
2)

Pancreatectomy
(n ¼ 10)

Colectomy
(n ¼ 69)

Ventral hernia
(n ¼ 27)

Total
(n ¼ 234)

.6) 10 (100) 64 (92.7) 25 (83.3) 210 (89.7)

.7) 6 (60) 28 (43.8) 13 (52) 113 (53.8)

.3) 4 (40) 36 (56.2) 12 (48) 97 (46.2)

169 1,022 639 4,657

.6) 63 (37.3) 201 (19.7) 341 (53.4) 1,776 (38.1)

.3) 6.3 (7.3) 4.7 (10.5) 14.2 (23.1)

4 0 5

0e20 0e62 0e100

) 1 (10) 2 (2.9) 4 (16) 14 (6.5)
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Figure 1. Home opioid use of patients discharged on postoperative
day 1.
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4.3 vs 12.9 pills, p < 0.0001), sex (male vs female, 7.5 vs
9.4 pills, p ¼ 0.03), length of stay (2 vs �3 days, 12.8 vs
6.3 pills, p ¼ 0.0004), and number of pills taken the day
before discharge (p < 0.0001) were associated with the
number of pills taken at home. The mean number of pills
taken at home was 1.5 if none were taken the day before
discharge, 7.6 if 1 to 3 pills were taken, and 21.2 if
�4 pills were taken the day before discharge. In
multivariate analysis, controlling for age, sex, procedure,
length of stay, and acetaminophen or ibuprofen use, a
highly significant association remained between the
number of pills taken the day before discharge and the
number used at home (p � 0.0001). In multivariate
analysis, older age (60 years or older) was also associated
with less opioid use (4.3 vs 12.9 pills, p ¼ 0.006).
Of note, there was no association between type of
surgery and home opioid usage in both univariate and
multivariate analysis.
For patients discharged on POD 2 or later, 41% took

no opioids the day before discharge; 33% took 1 to 3
pills, and 26% took 4 or more pills. The home opioid
use of patients who were discharged on POD 2 or later
is shown in Figure 2. Eighty-four percent of patients
who took no opioids on the day before discharge took
no opioid pills at home (Fig. 2A). For patients who
took 1 to 3 pills on the day before discharge, 83% of
patients took 15 pills or less and 71% took 10 pills or
less (Fig. 2B). For patients who took 4 or more pills on
the day before discharge, 86% took 30 pills or less and
69% of patients took 20 pills or less (Fig. 2C).

Guidelines for discharge opioid prescription

Based on these data, with the goal of satisfying
approximately 85% of patients’ home opioid usage, we
propose the following guidelines for discharge opioid
prescriptions. For patients discharged on POD 1, 15 pills.
For patients discharged on POD 2 or later, the discharge
prescription is based on the number of pills taken the day
before discharge: patients who took no pills the day before
discharge are prescribed none, those who took 1 to 3 pills
the day before discharge are prescribed 15, and those who
took 4 or more pills the day before discharge are
prescribed 30.
Forty patients were noted to be “outliers”: they took

more pills than our guidelines recommended. We per-
formed additional phone interviews with these patients,
and obtained 28 responses. More than half (53%) of
the responders indicated that they were using opioids
for reasons other than the acute pain for which the opioid
had been prescribed. Eighteen percent used the opioid for
sleep, 14% were not having pain but took the opioid
because they were given the prescription, 7% took the
opioid for fear of pain, 7% took it for indigestion or
gastrointestinal upset, and 7% took it for other
nonsurgery-related pain.
Seven percent of questionnaire responders reported that

they believed they were not prescribed enough opioid
pills. However, 50% of these patients reported not taking
their entire prescription and none obtained a refill.
Hypothetical decrease in opioid prescriptions using
our guidelines

If our proposed guidelines were used for patients
discharged on POD 1, then the number of pills
prescribed would decrease from 1,295 actually prescribed
to these patients to 720 pills (44% decrease). If this
guideline were used for patients discharged on POD 2
or later, the number of pills prescribed would decrease
from 3,187 actually prescribed to 1,950 pills (39%
decrease). If our guidelines were used for all patients in
our study, the number of opioids prescribed would
decrease by 40%.
Use and effect of nonopioid analgesics

Patients were also queried on nonopioid analgesic use
at home. Sixty-seven percent of patients used
acetaminophen after discharge; 33% used ibuprofen,
and 28% used both ibuprofen and acetaminophen. Use
of acetaminophen, ibuprofen, and both for each
procedure were as follows: bariatric 61%, 12%, and
3%; benign foregut 72%, 41%, and 38%; hernia 64%,
40%, and 32%; hepatectomy 82%, 73%, and 64%;
pancreatectomy 80%, 30%, and 30%; colectomy 66%,
44%, and 33%. There was no association between
home use of either acetaminophen or ibuprofen
and home opioid use (Table 3). There was a trend



Table 3. Univariate and Multivariate Analysis of Variables Associated with Outpatient Opioid Use for Questionnaire Re-
spondents Discharged on Postoperative Day 2 or Later

Variable n
Pills taken after

discharge, median (IQR)
Pills taken after

discharge, mean (SD)
Univariate
p Value

Multivariate
p Value

Age, y <0.0001 0.006

<60 80 6.5 (0,17.5) 12.9 (17.5)

�60 75 0 (0,6) 4.35 (9.2)

Sex 0.03 0.42

Male 57 0 (0,8) 7.54 (17.5)

Female 98 4 (0,13) 9.38 (12.9)

Surgery type 0.12 0.13

Colectomy 64 0 (0,4.5) 4.7 (10.5)

Liver 11 0 (0,15) 7.45 (10.3)

Hernia 16 6.5 (0,21.5) 17.3 (27.2)

Pancreas 10 4 (0,10) 6.3 (7.3)

Bariatric 40 8 (0,14) 11.5 (14.8)

Foregut 14 7 (0,15) 11.9 (13.7)

Length of stay, d 0.0004 0.08

2 57 8 (0,13) 12.8 (18.3)

�3 98 0 (0,7) 6.3 (11.6)

Use of either acetominophen or ibuprofen 0.78 0.74

No 34 2.5 (0,10) 10.8 (21.6)

Yes 115 4 (0,12) 8.5 (12.4)

No. of pills taken 24 h before discharge <0.0001 <0.0001

0 63 0 (0,1) 1.5 (3.9)

1e3 51 4 (0,12) 7.6 (9.3)

�4 41 13 (8,25) 21.2 (21.4)
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(p ¼ 0.08) toward less home opioid use in patients who
used both acetaminophen and ibuprofen at home.

Disposal of unused opioids

Forty-two percent of patients described how they
disposed of unused pills; no response was given by 58%
of patients. Nineteen percent reported taking pills to a
safe box drop. Twelve percent flushed them in the toilet,
4% directly disposed pills in the trash, and 2% reported
mixing them with kitty litter or coffee grounds and
placing in trash. Twenty-five percent of patients reported
still having their pills remaining at home at the time of the
questionnaire.
CONCLUSIONS
The American College of Surgeons, in a recent bulletin,
emphasized the importance of prudent opioid prescribing
by issuing a “Statement on the Opioid Abuse
Epidemic.”28 One of their key guiding principles called
for “research and training.for safe prescribing practices
of opioids and non-opioid analgesics.”28 We have now
formulated guidelines to help general surgeons determine
an appropriate number of opioid pills to prescribe at the
time of discharge after operations requiring an inpatient
admission. For patients discharged on POD 2 or later,
our guideline is based on our observation that the
strongest predictor of home opioid use was the amount
of opioid used the day before discharge. We doubt if
any practicing surgeon would be surprised by this finding.
Bartels and colleagues25 also recently described an
association between opioid usage the day before discharge
and the quantity of opioids used at home in their study of
patients undergoing cesarean section or thoracic surgery
procedures. Our guideline can easily be put into practice:
the number of opioids used by the patient during the day
before discharge is easily acquired from the medical
record. The guideline is also simple and therefore easy
to remember. Because the guideline was derived from
patients who had undergone 6 different intra-abdominal
procedures, it should be generally applicable to any
patient undergoing an intra-abdominal procedure. We
found it particularly interesting that the amount of opioid
used at home after an inpatient admission for a surgical
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Figure 2. Home opioid use stratified by inpatient use for patients
discharged on postoperative day 2 or later. Inpatient opioid use the
day before discharge: (A) 0 pills; (B) 1 to 3 pills; (C) �4 pills.
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procedure was not associated with the particular operative
procedure. This is in contrast to our observations on
opioid use at home after outpatient general surgical
procedures, where the amount of opioid used at home
varied by the type of operation performed.18 Furthermore,
this guideline is an improvement over the legislative
requirement of a “7-day supply” because it removes the
ambiguity associated with that requirement and takes
patient variability into account.
Although institution of this guideline would

substantially lower the number of opioids prescribed (by
approximately 40%), several lines of evidence indicate it
is likely that the number of opioid pills called for in the
guideline represents an overestimation of the number of
opioid pills that are required to effectively treat patients’
acute pain. In multivariate analysis, being elderly (more
than 60 years of age) was an independent predictor of
less opioid usage. Elderly patients used approximately
one-third the number of opioid pills that their younger
counterparts required. Therefore, it is likely they could
be prescribed fewer opioids than our guidelines suggest
and have their needs met. A combination of ibuprofen
and acetaminophen is much more effective at relieving
acute pain than opioids.29 Only 28% of our patients
used this combination of acetaminophen and ibuprofen
at home. Given that there was a trend (p ¼ 0.08) toward
less opioid use in these patients, increased use of these
nonopioid analgesics at home may decrease the number
of opioids that need to be prescribed at discharge.
We arbitrarily “set the bar” at relieving 85% of patients’

pain. Of note, when reviewing the surveys of the “outliers”
who used more than our guidelines suggested, we noted
that more than half used the opioids they were prescribed
for reasons other than the acute pain of their surgical
procedure. Therefore, it is likely that use of our guideline
would effectively treat well over 90% of patients’ pain.
One could also set the bar a bit lower. For example, if
one were to attempt to satisfy about two-thirds of the
patients’ opioid needs, then one could prescribe 10 pills
to patients discharged on POD 1 (satisfies 83%), 10 pills
to patients who took 1 to 3 pills the day before discharge
(satisfies 71%), and 20 pills to the patients who took 4
pills or more the day before discharge (satisfies 69%).
This would result in substantially fewer opioid pills
prescribed (a 60% decrease from the number that was
actually prescribed our patients, rather than the 40%
decrease using guidelines designed to satisfy 85% of
patients’ pain). One may get additional phone calls
requesting refills, but our experience with an educational
effort designed to decrease opioid prescribing after
outpatient procedures would suggest that it would be
much less than the expected one-third of patients.24

When we prescribed an amount of opioids designed to
satisfy 80% of outpatients’ opioid needs, less than 1%
required an opioid refill prescription.24 For those patients
who do call for additional opioids, one can now
e-prescribe them in many states, removing the burden of
a trip back to the clinic.30
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In this study, it is clear that opioids were
overprescribed: only 38% of the prescribed opioid pills
were taken. After institution of prescription guidelines
for outpatient procedures, we cut in half the number of
opioids prescribed, and also decreased the number of pills
taken, such that the percent of opioids taken only
increased from 28% to 34%.24 It is possible that
institution of guidelines such as ours for inpatients will
lead to decreases in overall opioid use, with only a modest
decrease in the percentage of prescribed pills that are
taken. Further research will be required to determine
whether our findings are generalizable to other settings.
Unused opioids are less likely to be diverted to others if

they are properly disposed. Most studies report that less
than 10% of unused opioids are disposed of using an
FDA-approved method.26 In this study, 19% reported
taking unused pills to a safe box drop. This is twice as
high as we observed in our outpatient study (9%)
performed just 1 year ago.18 It is likely that the higher
number of patients disposing of opioids in an
FDA-approved manner is due to increased public
awareness of the opioid problem and better educational
efforts regarding the importance of safe opioid disposal.
We excluded patients who were acutely or chronically

taking opioids before their surgical procedure. This
represented 14% of our patients. Optimal peri-operative
pain control for opioid-tolerant patients is a
challenging problem that will require further study and
multidisciplinary efforts.
In summary, we have defined home opioid usage after

general surgical procedures that require hospital
admission. We identified factors that predict home
opioid usage, and found that opioid use the day before
discharge was the best predictor of home opioid use.
We developed a guideline for prescribing opioids after
inpatient surgical admissions that is practical and easy
to implement. Use of this guideline could decrease opioid
prescriptions substantially and effectively treat patients’
pain.
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