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Objective: To explore the clinical and financial implications of preoperative

opioid use in major abdominal surgery.

Background: Opioids are increasingly used to manage chronic pain, and

chronic opioid users are challenging to care for perioperatively. Given the

epidemic of opioid-related morbidity and mortality, it is critical to understand

how preoperative opioid use impacts surgical outcomes.

Methods: This was an analysis of nonemergent, abdominopelvic surgeries

from 2008 to 2014 from a single center within the Michigan Surgical Quality

Collaborative clinical registry database. Preoperative opioid use (binary

exposure variable) was retrospectively queried from the home medication

list of the preoperative evaluation. Our primary outcome was 90-day total

hospital costs. Secondary outcomes included hospital length of stay, 30-day

major complication rates, discharge destination, and 30-day hospital read-

mission rates. Analyses were risk-adjusted for case complexity and patient-

specific risk factors such as demographics, insurance, smoking, comorbid-

ities, and concurrent medication use.

Results: In all, 2413 patients met the inclusion criteria. Among them, 502

patients (21%) used opioids preoperatively. After covariate adjustment, opioid

users (compared with those who were opioid-naı̈ve) had 9.2% higher costs

[95% confidence interval (CI) 2.8%–15.6%; adjusted means $26,604 vs

$24,263; P ¼ 0.005), 12.4% longer length of stay (95% CI 2.3%–23.5%;

adjusted means 5.9 vs 5.2 days; P ¼ 0.015), more complications (odds ratio

1.36; 95% CI 1.04–1.78; adjusted rates 20% vs 16%; P ¼ 0.023), more

readmissions (odds ratio 1.57; 95% CI 1.08–2.29; adjusted rates 10% vs 6%;

P ¼ 0.018), and no difference in discharge destination (P ¼ 0.11).

Conclusions: Opioid use is common before abdominopelvic surgery, and is
 Copyright © 2017 Wolters Klu

independently associated with increased postoperative healthcare utilization
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and morbidity. Preoperative opioids represent a potentially modifiable risk

factor and a novel target to improve quality and value of surgical care.

Keywords: complications, costs, discharge, healthcare utilization, length of

stay, morbidity, narcotic, opioid, preoperative opioid, readmissions

(Ann Surg 2017;265:695–701)

T he increasing rate of opioid consumption and misuse in
the United States has reached epidemic status in the past 2

decades.1,2 Nine million Americans report using opioids for medical
reasons, and hydrocodone is among the most prescribed drugs in the
United States, with over 130 million prescriptions filled in 2009.3

Despite the rapid increase in use for chronic pain, data do not support
efficacy of long-term use.4,5 Opioids have many adverse side effects
including constipation, bladder dysfunction, respiratory depression,
and central nervous system depression.6 Chronic opioid use has been
linked to poor health outcomes, including opioid dependence, hyper-
algesia, and even increased all-cause mortality.4,5,7 Surgical patients
are commonly prescribed opioid analgesics for management of
postoperative pain, but there are many patients who take opioids
to manage chronic pain before surgery. The implications of preop-
erative opioid use on surgical outcomes are unclear.

Opioid users represent a potentially high-risk surgical popu-
lation and may require tailored perioperative care. Preoperative
opioid use has been studied in the orthopedic population and is
linked to postoperative hyperalgesia, decreased quality of life, and
decreased physical function in this population.8–10 The prevalence
and clinical impact of this problem in the general surgery population
remain unclear. Given the impact of pain control and gastrointestinal
function on hospital stay, it is intuitive that opioid users may have
increased hospital length of stay (LOS) and may incur more costs.
These patients may also be at higher risk for surgical complications.
Opioid use represents a potentially modifiable risk factor and thus
provides a unique target for surgical quality improvement.

In this study, we explored the clinical and financial implications
of preoperative opioid use in a large cohort of major abdominal surgery
patients at a single institution. We hypothesized that preoperative
opioid use would be associated with increased hospital costs (primary
outcome) in patients undergoing abdominal surgery, even after risk
adjustment for relevant clinical covariates. Further, we hypothesized
that preoperative opioid users would have a higher incidence of
postoperative adverse events, including prolonged hospital LOS,
major complications, nonhome discharge, and hospital readmission.

METHODS

Study Population
This study was approved by the University of Michigan
wer Health, Inc. All rights reserved.

Institutional Review Board (Ann Arbor, MI). This was a
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retrospective review of prospectively collected clinical registry data
from a single academic center. The study cohort included patients
contained in the Michigan Surgical Quality Collaborative (MSQC)
database who underwent nonemergent, inpatient, abdominopelvic
surgery at the University of Michigan between 2008 and 2014.11,12

The MSQC dataset includes prospectively collected clinical data
including demographics, description of operation, patient comorbid-
ities, intraoperative course, and postoperative morbidity and
mortality. Data are collected and audited by MSQC trained nurse
reviewers using standardized data definitions.11,12 These data are
routinely assessed for accuracy and inter-rater reliability by the
coordinating center.

Patients who were admitted 2 or more days before surgery
were excluded, as this group of patients has an inherently more
complicated and costly perioperative encounter compared with
patients presenting from home for an elective surgery. Further,
patients admitted before the operation are likely to receive opioids
in the hospital for acute pain, and these patients therefore represent a
different group of opioid users than those using opioid medications at
home for chronic pain. Patients admitted 1 day preoperatively were
included in the study, because many of these patients are intention-
ally admitted 1 day before a scheduled but urgent operation. Of this
group, we performed a thorough chart review to identify patients who
were opioid-naı̈ve on admission, but received opioids acutely in the
hospital before surgery, and these patients were excluded from the
analysis. Patients using buprenorphine preoperatively were excluded
from the study, because this medication is most often used to treat
opioid dependence, and these patients represent a unique and com-
plex population. Exclusion criteria were defined a priori before any
analyses, because the primary interest of the study was the impact of
preoperative chronic opioid exposure on postoperative cost
and outcomes.

Exposure: Preoperative Opioid Use
Opioid users were retrospectively identified by querying the

preoperative anesthesia history and physical examination note in the
electronic medical record. This examination is performed by an
anesthesiologist on the day of the operation and includes the patient’s
home medication list. Given the importance of opioid use to peri-
operative pain management, opioid-naı̈ve status is assumed to be
accurate. All charts of those patients reporting preoperative opioid
use were individually manually reviewed to verify opioid use at the
time of surgery and to exclude opioids administered acutely at the
study institution before surgery. For analysis, the exposure variable
was a binary variable indicating any preoperative opioid use. Patients
not using opioids at the time of surgery were termed opioid-naı̈ve.
Further granularity such as dose or duration of home use was not
reliably available in the electronic medical record, and we were
therefore unable to assess for a dose response with this analysis.

Outcome: Healthcare Utilization
The primary outcome of this study was 90-day total hospital

costs. Using the institution’s internal cost-accounting database, we
obtained inpatient and outpatient financial data for procedural costs
and facility fees for each patient. Total hospital costs included direct,
indirect, variable, and fixed costs. Professional fees were not
included. Financial data were collected from 3 days preoperatively
to 90 days postoperatively, and were limited to costs incurred within
the study institution’s healthcare system. Financial data were
adjusted for inflation relative to the 2014 consumer price index.
Our institution’s cost-accounting database uses Allscripts EPSi (All-
scripts Healthcare Solutions, Inc., Chicago, IL)—an integrated mul-
tifaceted financial, clinical, and operational decision support system
 Copyright © 2017 Wolters Kluw

designed to provide informed analytics for cost accounting. Costs
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involved in providing patient care are calculated based on direct costs
from departmental expenses, overhead costs of operating the hos-
pital, and time and motion studies for labor costs.

Additional outcomes related to healthcare utilization included
LOS, discharge destination, and 30-day hospital readmission. The
following discharge destinations were considered ‘‘nonhome dis-
charge’’ for this analysis: skilled nursing facility, rehabilitation
facility, and home with nursing care.

Outcome: Morbidity
We also assessed 30-day major complication rates. Major

complications are recorded by the MSQC and include: surgical site
infection (superficial, deep, and organ space), deep venous throm-
bosis, acute renal failure, postoperative bleeding requiring trans-
fusion, stroke, unplanned intubation, fascial dehiscence, prolonged
mechanical ventilation longer than 48 hours, myocardial infarction,
pneumonia, pulmonary embolism, sepsis, vascular graft loss, and
renal insufficiency. A composite, binary variable of postoperative
morbidity indicating incidence of 1 or more complication was used
for the main multivariate morbidity analysis. This method is com-
monly used by quality collaboratives and researchers for studying
surgical morbidity.13,14 The individual complications were then
analyzed separately without risk adjustment for descriptive purposes.

Statistical Analysis
Descriptive statistics were computed for the study cohort.

Clinical characteristics were compared between opioid users and
those who were opioid-naı̈ve using standardized differences (differ-
ence in mean or proportion divided by pooled standard deviation).
Continuous variables were compared using Student t test or Wil-
coxon rank-sum test, as appropriate. Categorical variables were
compared using Fisher exact test. Multivariate regression was per-
formed to estimate the effect of opioid use on outcome after risk-
adjustment. Hospital costs were log-transformed due to skew, and
linear regression was performed. Robust standard errors were calcu-
lated to account for violation of the heteroscedasticity assumption.
To compute adjusted mean costs, the output of the model (log-costs)
was back-transformed, and Duan smearing estimator was applied as a
correction for this back-transformation, to produce a more accurate
estimate of the adjusted mean costs.15,16 For LOS, zero-truncated
negative binomial regression with robust standard errors was used.
This type of model is used for count data such as LOS and is robust to
overdispersion.17 Logistic regression was used for the binary out-
comes of complications, nonhome discharge, and readmission.
Logistic regression model calibration was confirmed using
Hosmer-Lemeshow goodness-of-fit tests.

For risk adjustment, the following variables were included as
covariates in all models: age (continuous variable), sex, non-white
race, insurance class (Blue Cross Blue Shield of Michigan, other
commercial, Medicare, Medicaid, and charity care), work-relative
value units (a well-established measure of case complexity18; con-
tinuous variable), open approach, body mass index (BMI; continuous
variable), partially or fully dependent functional status, American
Society of Anesthesiologists physical status classification score
(ASA class score; coded as scores �3), smoking, Elixhauser comor-
bidity index (continuous variable), chronic steroid use, and serum
albumin (continuous variable). These factors are collected by the
MSQC because they are clinically known to be predictive of surgical
morbidity and mortality, and these factors have been shown to be
predictive of surgical costs.18 We also included a variable for time;
this was a binary variable relative to July 2012, which roughly
divided the cohort into half. For missing values of albumin (9%
missing), mean replacement was used. No other covariates had
er Health, Inc. All rights reserved.

missing values.
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Two-sided significance tests with a significance level of
P� 0.05 were used. All analyses were conducted using Stata
v13.0 (College Station, TX).

RESULTS

Study Cohort
A total of 2413 patients met inclusion criteria and had

complete cost, LOS, and morbidity data. We arrived at this number
as follows: 3107 patients in the MSQC database underwent non-
emergent, inpatient abdominal surgery at the University of Michigan
Health System during the study period. Reasons for exclusion
included admitted 2 or more days before surgery (n ¼ 646), acute
inpatient opioid administration in patients who were previously
opioid-naı̈ve (n ¼ 40), buprenorphine use (n ¼ 4), and missing data
(n¼ 4). Our final study cohort therefore included 2413 patients. Case
mix included the following: 5% appendectomy (2% among opioid
users vs 5% among those who were opioid-naı̈ve), 11% cholecys-
tectomy (10% among opioid users vs 12% among those who were
opioid-naı̈ve), 11% hernia repair (11% among opioid users vs 11%
among those who were opioid-naı̈ve), 16% colectomy (16% among
opioid users vs 16% among those who were opioid-naı̈ve), 9% other
bowel operations (14% among opioid users vs 8% among those who
were opioid-naı̈ve), 5% liver (5% among opioid users vs 5% among
those who were opioid-naı̈ve), 9% pancreas (12% among opioid
users vs 8% among those who were opioid-naı̈ve), 3% rectal (4%
among opioid users vs 3% among those who were opioid-naı̈ve), 10%
vascular (11% among opioid users vs 9% among those who were
opioid-naı̈ve), 12% gynecologic (8% among opioid users vs 13%
among those who were opioid-naı̈ve), and 8% other abdominal
operations (7% among opioid users vs 9% among those who were
opioid-naı̈ve).

Prevalence and Characteristics of Preoperative
Opioid Use

The overall prevalence of preoperative opioid use was 21%
(502 patients). Preoperative opioid use was highest (30%) in patients
undergoing noncolectomy bowel operations and was lowest (9%) in
 Copyright © 2017 Wolters Klu

patients undergoing appendectomy. Hydrocodone was the most

TABLE 1. Patient Clinical Characteristics by Preoperative Opioid U

Opioid-naı̈ve

Total N 79.2% (1911)
Age 56.9� 16.1
Male 43.7% (835)
Non-white race 14.7% (281)
Insurance class

Commercial (Blue Cross Blue Shield of Michigan) 43.5% (832)
Commercial (other) 18.8% (360)
Medicare 33.3% (636)
Medicaid 4.0% (76)
Charity care 0.4% (7)

Work relative value units 23.6� 11.6
Open approach 64.9% (1241)
Body mass index 29.1� 6.9
Dependent functional status 0.4% (7)
ASA class �3 49.2% (941)
Smoker 13.8% (264)
Elixhauser score 2.0� 2.0
Chronic steroid use 5.4% (103)
Albumin 4.3� 0.4

Numbers represent % (N) and mean� standard deviation. Standardized difference (for
divided by standard deviation. Univariate P values are shown.

� 2016 Wolters Kluwer Health, Inc. All rights reserved.
commonly used drug preoperatively (55% of opioid users). Table
1 describes the differences between preoperative opioid users and
those who were opioid-naı̈ve.

Opioid Use Was Associated With Increased Costs
The total 90-day costs in the study cohort were skewed right

with an overall median of $19,236 [interquartile range (IQR)
$21,782]. As shown in Table 2, median unadjusted costs were
$6683 higher in opioid users compared with opioid-naı̈ve (95%
confidence interval [CI] $4544 to $8820; P < 0.001). In multi-
variate linear regression analysis, preoperative opioid use was
associated with a 9.2% increase in mean costs after covariate
adjustment (95% CI 2.8%–15.6% increase; P ¼ 0.005). Coeffi-
cients for all covariates in the multivariate model are shown in the
Supplemental Table (http://links.lww.com/SLA/B61). The R2 for
this model was 0.42. As shown in Fig. 1A, mean adjusted
costs were $2341 higher in opioid users compared with opioid-
naı̈ve (P ¼ 0.005).

Length of Stay Was Longer in Opioid Users
Hospital LOS in the study cohort was skewed right with an

overall median of 4 (IQR 5). As shown in Table 2, median unadjusted
LOS was 2 days longer in opioid users compared with those who
were opioid-naı̈ve (95% CI 1.5–2.5 days; P< 0.001). In multivariate
negative binomial regression analysis, preoperative opioid use was
associated with a 12.4% increase in mean LOS after covariate
adjustment (95% CI 2.3%–23.5% increase; P¼ 0.015). Coefficients
for all covariates in the multivariate model are shown in the Supple-
mental Table (http://links.lww.com/SLA/B61). As shown in Fig. 1B,
mean adjusted LOS was 0.7 days longer in opioid users compared
with those who were opioid-naı̈ve (P ¼ 0.015).

Morbidity Was Higher in Opioid Users
The overall 30-day complication rate in the study cohort was

17% (409 patients). As shown in Table 2, the unadjusted compli-
cation rate was 1.7-fold higher in opioid users compared with those
who were opioid-naı̈ve (absolute difference: 11.0%; 95% CI 6.9%–
15.2%; P < 0.001). In multivariate logistic regression analysis,
wer Health, Inc. All rights reserved.

preoperative opioid use was significantly associated with increased

se

Opioid Users Standardized Difference P

20.8% (502)
55.7� 14.1 �0.08 0.10
42.8% (215) �0.02 0.76
14.1% (71) �0.02 0.78

36.1% (181) �0.15 0.003
21.5% (108) 0.07 0.19
34.5% (173) 0.03 0.63

7.6% (38) 0.15 0.001
0.4% (2) 0 1.00

26.2� 13.0 0.21 <0.001
78.7% (395) 0.31 <0.001
29.8� 10.8 0.08 0.18
1.2% (6) 0.09 0.036

68.1% (342) 0.39 <0.001
29.7% (149) 0.39 <0.001

2.6� 2.0 0.30 <0.001
12.2% (61) 0.24 <0.001

4.2� 0.5 �0.22 <0.001

opioid users compared with opioid-naı̈ve patients) ¼ difference in mean or proportion
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TABLE 2. Univariate Comparison of Hospital Costs and Healthcare Utilization by Preoperative Opioid Use

Opioid-naı̈ve Opioid Users Difference (95% CI) P

Total hospital costs $17,950 ($20,064) $24,633 ($25,828) $6683 ($4544–$8820) <0.001
Length of stay 4 (5) 6 (5) 2 (1.5–2.5) <0.001
30-day major complication rate 14.7% (280) 25.7% (129) 11.0% (6.9%–15.2%) <0.001
Nonhome discharge destination 10.3% (195) 17.2% (85) 6.9% (3.3%–10.5%) <0.001
30-day hospital readmission 6.1% (109) 10.7% (51) 4.6% (1.6%–7.5%) 0.001

Numbers are unadjusted and represent median (interquartile range) or % (N). Differences (with 95% confidence interval) are given for opioid users compared with opioid-naı̈ve
patients.
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complications after covariate adjustment [adjusted odds ratio (OR)
1.36; 95% CI 1.04–1.78; P ¼ 0.02). Coefficients for all covariates
in the multivariate model are shown in the Supplemental Table
(http://links.lww.com/SLA/B61). The area under the receiver-
operating characteristic curve (AUROC) for this model was
0.76. As shown in Fig. 1C, the adjusted complication rate was
1.3-fold higher in opioid users compared with those who were
opioid-naı̈ve (P ¼ 0.02).

Table 3 shows unadjusted rates of specific complications by
preoperative opioid use. Opioid users had higher rates of surgical site
infection (P < 0.001), sepsis (P ¼ 0.004), postoperative unplanned
intubation (P¼ 0.04), postoperative myocardial infarction (P¼ 0.04),
and postoperative transfusion (P ¼ 0.001).

Opioid Use and Discharge Destination
The overall prevalence of nonhome discharge in the study

cohort was 12% (280 patients). As shown in Table 2, the unadjusted
prevalence of nonhome discharge was 1.7-fold higher in opioid users
compared with those who were opioid-naı̈ve (absolute difference:
6.9%; 95% CI 3.3%–10.5%; P < 0.001). In multivariate logistic
regression analysis, preoperative opioid use was not significantly
associated with increased prevalence of nonhome discharge
after covariate adjustment (adjusted OR 1.33; 95% CI 0.94–1.88;
P ¼ 0.11). Coefficients for all covariates in the multivariate model
are shown in the Supplemental Table (http://links.lww.com/SLA/
 Copyright © 2017 Wolters Kluw

B61). The AUROC for this model was 0.87. As shown in Fig. 1C, the
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adjusted prevalence of nonhome discharge was 1.2-fold higher in
opioid users compared with those who were opioid-naı̈ve, though not
statistically significant (P ¼ 0.11).

Opioid Users Had Higher Readmission Rates
The overall 30-day readmission rate in the study cohort was

7% (160 patients). As shown in Table 2, the unadjusted readmission
rate was 1.8-fold higher in opioid users compared with those who
were opioid-naı̈ve (absolute difference: 4.6%; 95% CI 1.6%–7.5%;
P ¼ 0.001). In multivariate logistic regression analysis, preoper-
ative opioid use was significantly associated with increased read-
mission after covariate adjustment (adjusted OR 1.57; 95% CI
1.08–2.29; P ¼ 0.018). Coefficients for all covariates in the
multivariate model are shown in the Supplemental Table (http://
links.lww.com/SLA/B61). The AUROC for this model was 0.71.
As shown in Fig. 1C, the adjusted readmission rate was 1.5-fold
higher in opioid users compared with those who were opioid-naı̈ve
(P ¼ 0.018).

DISCUSSION

Preoperative Opioid Use Is Common and
Independently Associated With Increased Costs and
Worse Outcomes

In this large sample from a single institution, opioid use was
er Health, Inc. All rights reserved.

common, with 21% of patients using opioids before abdominal

FIGURE 1. A, Mean adjusted 90-day
costs by preoperative opioid use. B,
Mean adjusted length of stay by preop-
erative opioid use. C, Adjusted rates of
major complication, nonhome dis-
charge, and hospital readmission by pre-
operative opioid use. All outcomes are
risk-adjusted for case complexity and
patient-specific risk factors (age, sex,
race, insurance type, smoking, medical
comorbidities, chronic steroid use, and
serum albumin). The symbol ‘�’ indicates
a significant difference (P�0.05). The P
value for nonhome discharge was P ¼
0.11.

� 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Complication Rates by Preoperative Opioid Use

Complication Opioid-naı̈ve Opioid Users P

Infectious
Surgical site infection: any 8.3% (159) 14.9% (75) <0.001
Surgical site infection: superficial 5.8% (110) 10.4% (52) 0.001
Surgical site infection: deep 0.8% (15) 1.4% (7) 0.19
Surgical site infection: organ space 2.2% (41) 3.4% (17) 0.14
Pneumonia 0.9% (17) 2.0% (10) 0.053
Sepsis 1.6% (30) 3.8% (19) 0.004
Severe sepsis 1.2% (23) 1.4% (7) 0.66
Clostridium difficile 0.6% (11) 0.6% (3) 1

Respiratory
Intraoperative unplanned intubation 0% (0) 0.2% (1) 0.21
Postoperative unplanned intubation 1.3% (24) 2.6% (13) 0.040
Pulmonary embolism 0.5% (9) 0.8% (4) 0.49

Cardiovascular
Cardiac arrhythmia 0.4% (7) 0.8% (4) 0.26
Postoperative myocardial infarction 0.3% (5) 1.0% (5) 0.038
Postoperative cardiac arrest 0.2% (4) 0.2% (1) 1

Stroke 0.2% (3) 0.2% (1) 1
Deep venous thrombosis 0.6% (12) 0.8% (4) 0.76
Postoperative transfusion 3.5% (66) 7.2% (36) 0.001

Renal
Acute renal failure 0.7% (14) 1.4% (7) 0.18

Numbers are unadjusted and represent % (N).
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surgery. Healthcare utilization and surgical morbidity were higher in
preoperative opioid users compared with opioid-naı̈ve patients, even
after risk adjustment. Analyses adjusted for patient and procedural
covariates consistently demonstrated the association of opioid use
and increased healthcare utilization. Opioid use was significantly
associated with a 9% increase in mean costs. This amounted to an
average of $2341 in excess hospital costs attributed to preoperative
opioid use ($26,604 vs $24,263; Fig. 1A). Opioid users also had 12%
longer LOS (5.9 vs 5.2; Fig. 1B), 1.3-fold higher complication rates
(20% vs 16%; Fig. 1C), 1.2-fold higher prevalence of nonhome
discharge (13% vs 11%, though not statistically significant; Fig. 1C),
and 1.5-fold higher readmission rates (10% vs 6%; Fig. 1C) after risk
adjustment. The increased morbidity in opioid users was driven
largely by infectious complications (surgical site infection and
sepsis; Table 3).

Opioids Complicate Pain Control, Impair
Gastrointestinal Function, and May Increase
Infection Risk

This study is one of the first to investigate the effects of
preoperative opioid use in patients undergoing abdominopelvic
surgery. Our results suggest that preoperative opioid use is common
in this population, with 20% of patients in our sample using opioids
preoperatively. For perspective, the prevalence of opioid use in the
United States general population has been estimated at 5%.19 Recent
studies in bariatric surgery and kidney transplantation have reported
prevalence of preoperative opioid use ranging from 8% to 29%.20–22

Given the limitations in our ability to characterize duration of use and
reason for opioid use, 20% is likely an overestimate compared with
the true prevalence of chronic opioid use preoperatively. Opioid users
were sicker than opioid-naı̈ve patients in this sample; these observed
differences were expected given the authors’ clinical experience with
these patients, and such differences have been reported in other
studies.21–24 The higher costs we observed in opioid users are likely
explained in part by their longer LOS, higher rates of postoperative
complications, and higher readmission rates. However, even after
 Copyright © 2017 Wolters Klu

adjusting for complications in the multivariate models (in secondary

� 2016 Wolters Kluwer Health, Inc. All rights reserved.
analyses not reported here), opioid use was still significantly associ-
ated with costs and LOS. Poor pain control is likely a driver of
increased LOS in preoperative opioid users due to opioid tolerance
and possibly opioid-induced hyperalgesia. Perioperative pain scores
were unavailable for our sample, but our future work will further
investigate the relationship between preoperative opioid use, peri-
operative pain, and healthcare utilization. Another possible driver of
increased costs and LOS is impaired gastrointestinal function. Post-
operative opioid use—which is higher in preoperative opioid users—
is associated with increased rates of ileus, and a recent study of
colectomy and cholecystectomy showed increased costs, LOS, and
readmission associated with concomitant postoperative opioid use
and ileus.25 The increased rate of infectious complications that we
observed in opioid users (Table 3) may represent opioid-induced
immune suppression. Animal models and clinical studies suggest that
opioids have immunosuppressive effects contributing to infection
risk.26–29 Lastly, knowledge of preoperative opioid use likely
impacts processes of perioperative care, which could contribute to
increased costs and LOS. However, this point that opioid users may
demand additional resource intensive perioperative care further
supports our argument that perioperative intervention is needed to
optimize care of these patients.

Preoperative Opioid Use Is a Novel Target for
Surgical Quality Improvement

This study has potential implications for the quality and value
of surgical care. Opioid use represents one of the most important
public health challenges in the United States today. In the state of
Michigan in particular, hydrocodone is the most prescribed drug,
accounting for 32% of all prescriptions written in 2012.30 Rates of
opioid use in Michigan are among the highest in the nation. In 2012,
the rate of opioid prescriptions in Michigan was 107 prescriptions per
100 people (30% higher than the national average of 82.5 prescrip-
tions per 100 people).31 This study addresses the implications of the
opioid epidemic on surgical care. Our findings suggest that opioid
use is common before major abdominopelvic surgery and represents
wer Health, Inc. All rights reserved.

a novel target for surgical quality improvement. Assuming a
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prevalence of 21% as we identified at our institution, we estimate that
80,000 opioid users undergo abdominal surgery annually in Mich-
igan. Assuming $2300 in excess costs per opioid user, we estimate
that the financial impact of preoperative opioid use in this population
is $184 million dollars annually in Michigan alone, even after
adjusting for other drivers of increased cost. This back-of-the-enve-
lope math emphasizes the financial implications of opioid use in
abdominal surgery.

These results argue the potential cost-effectiveness of inter-
vention in this unique patient population. Opioid use is a potentially
modifiable risk factor, and major surgery can provide powerful
leverage to improve health behavior. Our institution has implemented
a preoperative program to optimize high-risk patients for
surgery.32,33 Using the infrastructure of this prehabilitation program,
we plan to counsel patients on the risks of opioids and to attempt to
wean opioids preoperatively. We do not know if the latter will be
possible, but there are no good data to support the efficacy of long-
term opioid use for chronic pain.5,34 As such, weaning patients down
or off of opioids or replacing opioids with alternative analgesics
preoperatively may be possible. Additionally, our current work with
preoperative smoking cessation and exercise intervention suggests
that the preoperative period is uniquely well-suited for transforma-
tional behavioral change.32,33 Perioperative care of opioid-tolerant
patients is complex, and we aim to use the quality improvement
platform of the MSQC to develop best practices for surgical care in
this high-risk patient population of opioid users. Lastly, although this
study focuses on preoperative opioid use, postoperative opioid use is
also an important area of research and policy need. The CDC recently
released guidelines for opioid prescribing for chronic pain in the
outpatient setting.35 However, guidelines are needed for perioper-
ative pain management for patients both with and without
chronic pain.

Limitations and Strengths
This study has limitations. As a single-center study, these

findings may not be generalizable across all centers and geographic
regions. Opioid use was identified retrospectively from the electronic
medical record. As such, we were unable to obtain reliable estimates
of dose, schedule, and duration of use. Such granularity requires
pharmaceutical claims or prospectively collected data, which were
not available for this study. Therefore, we chose to define preoper-
ative opioid use with a binary variable for objectivity. Given these
limitations, we took steps to exclude patients who received opioids
acutely in the hospital preoperatively. Nevertheless, it is still possible
that some opioid users in our study were using opioids over a shorter
time period for pain related to their surgical disease. One may argue
that the effect of opioid use that we identified is a mere proxy for
disease severity; however, this is less likely given that we adjusted for
numerous markers of disease severity, functional status, and case
complexity. Importantly, it is not possible with most current medical
records or claims datasets to truly identify the reason for a patient’s
opioid use given the prevalence of opioid use in practice; our future
work aims to elucidate this through prospective collection of patient-
reported opioid histories. Given the detailed methodology for record
review, our identification of opioid users was assumed to be accurate.
Our outcomes were limited to costs and events that occurred within
our own healthcare system. It is possible that complications occurred
and were managed outside of our healthcare system. It is also
possible that patients were readmitted to hospitals outside of our
healthcare system. We were unable to identify these events or capture
their associated costs. Further, for patients who were admitted to
nursing or rehabilitation facilities outside of our healthcare system,
 Copyright © 2017 Wolters Kluw

these costs were not captured. Costs and outcomes from outside of
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our institution would, however, be expected to be distributed some-
what evenly between opioid users and the opioid-naı̈ve cohort.

Strengths of our data included the clear definitions of cova-
riates and outcome measures, and also the granularity of preoperative
risk factors that are prospectively recorded and audited in stand-
ardized fashion by the MSQC. We were therefore able to adjust for a
number of risk factors that are not recorded in larger administrative
databases. Further, postoperative complications are prospectively
recorded by the MSQC clinicians with a level of detail unattainable
through administrative databases. Data accuracy is ensured by
rigorous training of MSQC staff and performance of data audits.

CONCLUSIONS

In summary, opioid use was common before abdominopelvic
surgery and was independently associated with increased healthcare
utilization and morbidity. Preoperative opioids represent a poten-
tially modifiable risk factor and a novel target for surgical quality
improvement. Addressing the perioperative needs of opioid users has
potential to improve the quality and value of surgical care.
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