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Abstract

Importance—Morbidity and mortality associated with prescription opioid use is escalating in the 

United States. The extent to which chronic opioid use influences postoperative outcomes 

following elective surgery is not well understood.

Objective—To examine the extent to which preoperative opioid use is correlated with healthcare 

utilization and costs following elective surgical procedures.

Design—Truven Health Marketscan® Databases were used to identify patients.

Setting—Outpatient services claims from patients who underwent elective procedure requiring 

an inpatient stay.

Participants—Patients ages 18 and older who underwent elective hysterectomy, bariatric 

surgery, reflux procedures, and ventral hernia repair between 2009 and 2013 (n=184,053).
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Exposure—Receipt of prescription opioid analgesic within 30 days of and 30 to 90 days prior to 

procedure. Preoperative opioid use was drawn from insurance claims and converted into oral 

morphine equivalents (OMEs).

Main Outcomes and Measures—Outcomes included postoperative healthcare utilization 

(length of stay, 30-day readmission rate, discharge destination) and cost (hospital stay, 90-, 180-, 

and 365-day). We used generalized linear regression to determine the effect of preoperative opioid 

use on healthcare utilization and cost outcomes after adjusting for number of comorbidities, 

psychological conditions, and demographic characteristics.

Results—In this cohort, 10.0% of patients used opioids preoperatively. Compared with non-

users, patients using opioids preoperatively were more likely to have a longer and more expensive 

hospital stay (2.8 days vs. 2.5 days, p<0.001; $21,919.00 vs. $21,241.80, p = 0.02, respectively) 

and were more likely to be discharged to a rehabilitation facility (3.5% vs. 2.4%, p<0.001), 

adjusting for covariates. Preoperative opioid use was also correlated with a greater rate of 30-day 

readmission (3.7% vs. 3.1%, p<0.001) and overall greater expenditures at 90- ($5,405.40 vs. 

$3,681.70, p<0.001), 180- ($10,148.20 vs. $6,469.80, p<0.001), and 365-($19,695.60 vs. 

$11,419.40, p<0.001) days following surgery, adjusted for covariates.

Conclusions and Relevance—Preoperative opioid use is an independent risk factor for longer 

length of stay, higher 30-day readmission rates and probability of being discharged to a 

rehabilitation facility, and greater costs in the postoperative period. Preoperative interventions 

focused on opioid cessation and alternative analgesics may improve the safety and efficiency of 

elective surgery among chronic opioid users.

Introduction

In the United States, 1 out of every 25 adults regularly uses prescription opioid 

medications.1 Accordingly, opioid use is higher in the United States than any other country 

in the world, and opioid-associated morbidity and mortality has been cited by the Centers for 

Disease Control and Prevention as a major public health concern.2,3 Nonetheless, opioid 

prescribing continues to accelerate.4 For example, from 1999 to 2011, consumption of 

hydrocodone doubled, and oxycodone consumption increased by 500% within the United 

States.3 As such, the proportion of individuals who are chronically using prescription opioid 

medications is expected to accelerate in the coming years.

Although opioids can provide effective pain relief for acute pain, chronic use is associated 

with numerous adverse dose-related effects. Chronic opioid exposure results in structural 

and functional central nervous system changes that mediate affect, impulse, reward, and 

motivation.5 Prior to surgery, these effects may lead to dependence, tolerance, and even 

reduction in pain thresholds with diffuse hyperalgesia, which may complicate pain 

management and patient rehabilitation following surgery.6,7

In recent decades, much attention has been directed toward minimizing perioperative risk for 

patients with chronic conditions such as heart disease, diabetes, and tobacco use undergoing 

elective surgical procedures.8,9 However, the extent to which chronic opioid use 

independently influences surgical outcomes remains poorly understood. In this context, we 

sought to define the differences in healthcare utilization and associated costs among patients 
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undergoing elective abdominal surgical procedures in the United States. We specifically 

examined three aspects of healthcare utilization: length of stay, discharge destination, and 

readmission within 30 days of the surgical procedure. Additionally, we examined 

postoperative costs at 90-, 180-, and 365- days following surgery. We hypothesized that 

patients who are chronically exposed to opioids undergoing surgery have higher healthcare 

utilization and associated costs compared with opioid naïve patients, and that these 

outcomes increase with greater average daily opioid doses.

Methods

Data source and study cohort

We analyzed the Truven Health MarketScan® Research Databases, including the 

MarketScan Commercial Claims and Encounters Database and the Medicare Supplemental 

and Coordination of Benefits Database. These databases capture patient-level utilization of 

medical services, payment, and enrollment across inpatient, outpatient and prescription 

drugs, represent the healthcare utilization of approximately 50 million active employees, 

early retirees, Medicare-eligible retirees with employer-provided Medicare Supplemental 

plans, and their dependents each year. We examined the outpatient services claims from 

patients ages 18 and older who underwent one of the following major elective procedures 

requiring an inpatient stay between 2009 and 2013: hysterectomy, ventral hernia repair, anti-

reflux procedures, and bariatric surgery procedures. We identified these procedures using 

International Classification of Disease 9th revision codes (ICD-9 diagnosis codes) for the 

indication (primary diagnosis) and Current Procedural Terminology codes (CPT codes) for 

the procedure description (eTable 1). We specified that patients must be continually enrolled 

in healthcare plans captured by Marketscan with pharmaceutical coverage between 7/1/2009 

to 12/30/2012 in order to capture comorbid conditions and opioid utilization in the 6 month 

period prior to surgery and healthcare cost and utilization up to 1 year following surgery.

Preoperative opioid use

Patients were classified as using preoperative opioid medications if they filled at least one 

opioid prescription within 30 days of their procedure and at least another prescription of 

opioid 30 to 90 days prior to the procedure in order to capture current and chronic use. We 

used generic drug names matched with National Drug Codes to identify opioid prescriptions 

from the insurance claims (eTable 2), and obtain specific drug dose and type. For each 

prescription, we first converted the unit of the opioid component to milligrams, and we then 

calculated average daily oral morphine equivalents (OMEs) for this prescription using the 

morphine equivalent conversion factor per milligram for this opioid medication.10,11 The 

total OME dosage for each opioid prescription was calculated as the daily OME exposure 

multiplied by number of days of supply filled in this prescription. In order to quantify the 

average daily OME exposure for patients within 90 days prior to the surgery, we calculated 

total OME dosage in this period by adding up OME dosage of all the opioid prescriptions 

within this period. We then divided the total OME dosage within 90 days prior to the surgery 

by the total number of days supplied provided in these prescriptions to calculate the average 

daily OME exposure within 90 days prior to the surgery.
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Outcome variables

Our outcomes included measures of healthcare utilization and associated costs following 

surgery. We examined length of hospital stay in days, which was obtained from claims 

indicating the date of surgery until the date of discharge, as well as discharge destination 

(home vs. rehabilitation facility), and 30-day readmissions (for any cause) by examining 

associated claims in the postoperative period. We examined expenditures for the hospital 

stay, as well as 90-, 180-, and 365-day expenditures, excluding professional fees, including 

inpatient and outpatient financial data for procedural costs and facility fees for each patient. 

Expenditures were adjusted for inflation relative to the 2013 consumer price index.

Independent variables

We examined patient sociodemographic factors, specifically age (18–34 years, 35–44 years, 

45–54 years, 55–64 years, and 65 years and older), gender, metropolitan statistical area 

(MSA), type of insurance plan, and geographic region of residence. The MSA describes 

geographical regions with a relatively high density of population at its core with adjacent 

communities with similar degree of social and economic factors as the core. We linked the 

MSA identifier for each patient to the 2010 census data and obtained median household 

income of each area where the patients resided. We then categorized regional median house 

income by quartiles for the patient cohort. We categorized insurance plan type into five 

groups: comprehensive health insurance, health maintenance organization (HMO) plans, 

preferred provider organization (PPO) plans, point of service (POS) plans and other (e.g. 

Medicare). Additionally, we included geographic region of the United States (northeast, 

north central, south and west regions) into the analysis. Finally, we included the presence of 

comorbid conditions using standard risk-adjustment techniques. We identified comorbid 

conditions using their corresponding ICD-9-CM codes, and these were classified using the 

Elixhauser method.12

Analysis

We generated descriptive statistics to describe the attributes of the study cohort. We created 

two independent variables describing the use of opioid before the procedure: 1) whether 

used opioids before surgery (dichotomous) and 2) average daily OME dosage within 90 days 

prior to the surgery. We categorized the latter variable into 7 groups (opioid naïve, 0–10 

OME, 10–25 OME, 25–50 OME, 50–75 OME, 75–100 OME and >100 OME average per 

day). For each of the dependent variables (readmission within 30 days, discharge to home, 

length of hospital stay, cost of hospital stay and healthcare cost within 90, 180 and 365 days 

following discharge), we constructed two regression models, each with one of the two 

variables describing opioid use before surgery as the primary predictor, and controlled for all 

other patient characteristics. Length of hospital stay was treated as count data, and we used 

Poisson regression model for LOS; linear regression models were constructed to examine 

the relationship between preoperative opioid prescription fills and postoperative costs. Using 

the adjusted odds ratios from logistic regression models, lambda from Poisson regression 

models, and beta-coefficient from linear regression models, we back-calculated adjusted rate 

of readmission, adjusted rate of discharge to facilities, adjusted mean length of hospital stay 

and adjusted mean cost for hospital stay, and 90, 180, 365 days healthcare cost following 
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surgery. P values <0.05 were considered significant in all final analyses and all statistical 

analyses were performed using SAS/STAT® software (Cary, NC).

Results

We identified 184, 053 patients who underwent elective abdominal procedures during the 

study period: 57% underwent hysterectomy, 29% bariatric surgery, 4% reflux surgery, and 

10% ventral hernia repair (Table 1). The majority of hysterectomy and bariatric patients 

were between the ages of 35 and 54 (75% and 60%, respectively) and the majority of reflux 

and hernia patients were 45 and older (81% and 83%, respectively). More than half of the 

participants receiving a procedure were female (61% to 100% (hysterectomy)) and the 

majority of participants had a median annual household income of $40–60,000 (63% – 

67 %). The greatest proportion of patients had a provider preferred organization insurance 

plan (55% – 58%), followed by health maintenance organization plans (12% – 16%). 

Although the majority of patients had multiple comorbidities with Elixhauser scores of 3 or 

more, concomitant psychiatric diagnoses were less common. Overall, approximately 1 in 10 

patients had filled an opioid prescription prior to surgery (7% – 13%).

Healthcare Utilization

Table 2 details the differences in measures of healthcare utilization and expenditures 

between preoperative opioid users and opioid naïve patients across all procedures, adjusted 

for all patient demographic and clinical characteristics. On average, preoperative opioid 

users remained in the hospital longer than patients who did not use opioids preoperatively 

across all procedures (2.8 days vs. 2.5 days, p < 0.001). Preoperative opioid users were also 

more likely to be readmitted to the hospital within 30 days of their respective surgical 

procedure, and discharged to a rehabilitation facility in comparison to opioid naïve patients 

(3.7% vs. 3.1%, p < 0.001; 3.5% vs. 2.4%, p < 0.001, respectively).

Figure 1 displays the differences in healthcare utilization postoperatively, stratified by the 

average daily preoperative opioid dose during the preceding 90 days. Preoperative opioid 

users, with the exception of those who had a 90 day preoperative dosage of less than 10 

OME, had significantly longer lengths of stay than their opioid naïve counterparts (Figure 

1a; p < 0.01 for all). Additionally, significantly more opioid users, with the exception of 

those who had a 90 day preoperative dosage of less than 10 OME and 50–75 OME, were 

readmitted to the hospital within 30 days of their procedure (Figure 1b; p < 0.05 for all). 

Similarly, significantly more opioid users, with the exception of those who had a 90 day 

preoperative dosage of less than 10 OME and 75–100 OME, were discharged to a 

rehabilitation facility after their procedure (Figure 1c; p < 0.01 for all).

Healthcare Expenditures

Across all procedures, patients that used opioids preoperatively accrued higher costs of their 

postoperative hospital stay ($21,919.00 vs. $21,241.80, p = 0.02) as well as higher total 

post-operative costs 90 ($5,405.40 vs. $3,681.70, p<0.001), 180 ($10,148.20 vs. $6,469.80, 

p<0.001), and 365 ($19,695.60 vs. $11,419.40, p<0.001) days after their procedure than 

their opioid naïve counterparts (Table 2).
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Figure 2 illustrates measures of healthcare expenditure by category of oral morphine 

equivalent. Preoperative opioid users, with the exception of those who had a 90 day 

preoperative dosage of <10 OME, accrued significantly higher costs 90 days after surgery (p 
< 0.01 for all). Additionally, regardless of their 90 day preoperative daily dosage, all opioid 

users had significantly higher postoperative costs 180 and 365 days after surgery than their 

opioid naïve counterparts (p < 0.05 for <10 OME, p<0.001 for all other categories). When 

preoperative opioid use was examined as a continuous variable, we observed that increasing 

preoperative opioid dosage was correlated with an increase in hospital stay expenditures, (β 
= 17.93, p < 0.001) as well as 90- (β = 17.23, p < 0.001), 180- (β = 36.83, p < 0.001), and 

365- (β = 83.17, p < 0.001) day post-operative expenditures.

Discussion

In the United States, prescription opioids are widely used for chronic pain, and have grown 

increasingly popular in recent years. In this cohort of adults undergoing elective abdominal 

procedures, we observed that preoperative opioid use is an independent risk factor for longer 

length of stay, higher 30-day readmission rates, lower probability of being discharged home, 

and greater health expenditures in the postoperative period. Approximately 10% of patients 

regularly fill prescriptions for opioids medications in the preoperative period, with doses 

ranging from less than 10 OMEs (or the equivalent of 2 tablets of 5mg hydrocodone) to over 

100 OMEs daily (or the equivalent of 20 tablets of 5mg hydrocodone).

Previous studies have examined the relationship between preoperative opioid use and 

postoperative outcomes, and have documented poorer outcomes among patients who use 

opioid preoperatively. For example, following total knee arthroplasty, chronic opioid users 

have poorer self-reported outcomes, greater stiffness, and more revision procedures, and 

chronic opioid users have a higher risk of in-hospital postoperative morbidity and mortality 

following elective orthopaedic surgical procedures.13,14 Similarly, preoperative opioid use 

has been shown to increase the risk of revision surgery for pain related conditions, such as 

compression neuropathy.15 Taken together, these findings suggest that identifying strategies 

to minimize opioid consumption prior to surgery, particularly elective surgery, is an 

opportunity to reduce patient risk, improve outcomes, and lower healthcare costs.

Our study has several notable limitations. First, our analysis focuses on insurance claims 

data, which is sensitive to detect perioperative events and medication fills, but lacks 

sufficient granularity to define opioid consumption and patient-reported pain. Additionally, 

this data is gathered from individuals with employer-based insurance and their beneficiaries, 

and may not be generalizable to the uninsured, underinsured, and those who rely solely on 

state and federal healthcare coverage. Finally, we do not have access to the extent to which 

provider-level variation explains differences in the outcomes we observed.

Despite these limitations, our findings have important implications for patients anticipating 

surgery, and clinicians and surgeons seeking to optimize patient safety and postoperative 

outcomes. Achieving acceptable pain control following surgery is critical, and the under-

treatment of pain has garnered national attention as an indicator of poor surgical 

quality.16–19 In recent years, there is a keen awareness of pain as a component of health 
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status, and pain has been termed the “5th vital sign.”20 Inadequately controlled postoperative 

pain delays important recovery milestones, such as ambulation or attending to activities of 

daily living, and results in longer hospital stays and chronic post-surgical pain.21–25 Poorly 

managed pain is also a common reason for readmission, and is correlated with poor patient 

satisfaction and experience.26,27 However, although some patients benefit from chronic 

opioid therapy, most do not, and morbidity and abuse outweigh any benefits derived. 28–31 

Furthermore, the effectiveness of opioids is not uniform across individuals, and varies by 

genetic, environmental, and biopsychosocial factors.32 Opioids may also be less effective 

among individuals with mood disturbance, including depression, anxiety, and catastrophic 

thinking, as well as patients who suffer from fibromyalgia, neuropathic pain, and psychiatric 

disease.33–36

Preoperative opioid use complicates perioperative pain management and postoperative 

rehabilitation, and can result in including respiratory depression, sedation, postoperative 

nausea and vomiting, urinary retention, and ileus. Even controlling for complications and 

comorbid risk factors, preoperative opioid use results in longer length of stay, higher re-

admission rates, and greater surgery-related expenditures.37–39 In this context, elective 

surgical procedures offer an opportunity for surgeons to pause, and identify strategies to 

optimize patient safety and minimize risk in the preoperative period. It also provides an 

opportunity to engage primary care providers at the time of surgical decision-making and 

preoperative work-up to streamline transitions of care for those patients who may continue 

to require opioids for an extended period of time following surgery. Finally, our findings 

suggest that highlighting opioid alternatives for pain control when possible may reduce 

postoperative costs and healthcare utilization.

In conclusion, chronic opioid use complicates management following surgery, and increases 

postoperative healthcare utilization and costs independent of other risk factors. Therefore, 

developing preoperative interventions that focus on opioid cessation and alternative prior to 

elective surgery may improve the quality of surgical care delivered in the United States.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Healthcare Utilization by Average Daily Oral Morphine Equivalent Exposure
Abbreviations: OME, oral morphine equivalent. All healthcare utilization outcomes were 

adjusted for patient clinical and demographic characteristics.
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Figure 2. Healthcare Expenditures by Average Daily Oral Morphine Equivalent Exposure
Abbreviations: OME, oral morphine equivalent. All healthcare expenditure outcomes were 

adjusted for patient clinical and demographic characteristics.
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Table 1

Characteristics of the Study Cohort by Surgical Procedure

Characteristics Hysterectomy
(n = 105476)

Bariatric
(n = 52970)

Reflux
(n = 6545)

Ventral Hernia
(n = 19062)

Age, No. (%)

 18–34 6995 (7) 10095 (19) 440 (7) 763 (4)

 35–44 38188 (36) 15654 (30) 834 (13) 2480 (13)

 45–54 41011 (39) 15784 (30) 1529 (23) 4929 (26)

 55–64 12901 (12) 9808 (19) 1876 (29) 5527 (29)

 65 and older 6381 (6) 1629 (3) 1866 (29) 5363 (28)

Sex, No. (%)

 Male 8 (0) 12098 (23) 2158 (33) 7431 (39)

 Female 105468 (100) 40872 (77) 4387 (67) 11631 (61)

MSA median household income, No. (%)

 <40k 3293 (3) 1419 (3) 151 (2) 461 (2)

 40k–50k 26540 (25) 12074 (23) 1788 (27) 5171 (27)

 50k–60k 41677 (40) 23530 (44) 2326 (36) 6929 (36)

 60k–70k 11190 (11) 5851 (11) 696 (11) 2573 (13)

 >70k 3624 (3) 2426 (5) 245 (4) 619 (3)

 Missing 19152 (18) 7670 (14) 1339 (20) 3309 (17)

Insurance plan, No. (%)

 PPO 61571 (58) 30256 (57) 3574 (55) 10636 (56)

 Comprehensive 3963 (4) 1819 (3) 922 (14) 2736 (14)

 HMO 16416 (16) 8274 (16) 838 (13) 2339 (12)

 POS 8386 (8) 5068 (10) 403 (6) 1304 (7)

 Other 8148 (8) 4283 (8) 345 (5) 1011 (5)

 Missing 6992 (7) 3270 (6) 463 (7) 1036 (5)

Elixhauser comorbidities score, No. (%)

 0 or 1 36850 (35) 811 (2) 1110 (17) 2224 (12)

 2 21407 (20) 2943 (6) 917 (14) 2344 (12)

 3 16922 (16) 5866 (11) 983 (15) 2568 (13)

 More than 3 30297 (29) 43350 (82) 3535 (54) 11926 (63)

Psychological conditions, No. (%)

 None 93538 (89) 32972 (62) 5482 (84) 16606 (87)

 Depression 3671 (3) 5139 (10) 372 (6) 856 (4)

 Anxiety 4741 (4) 4495 (8) 425 (6) 795 (4)

 Substance 2387 (2) 946 (2) 161 (2) 555 (3)

 Other 1139 (1) 9418 (18) 105 (2) 250 (1)

Preoperative opioid use, No. (%)

 No 97927 (93) 47933 (90) 5900 (90) 16630 (87)

Ann Surg. Author manuscript; available in PMC 2018 January 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Waljee et al. Page 13

Characteristics Hysterectomy
(n = 105476)

Bariatric
(n = 52970)

Reflux
(n = 6545)

Ventral Hernia
(n = 19062)

 Yes 7549 (7) 5037 (10) 645 (10) 2432 (13)

Abbreviations: MSA, metropolitan statistical area; PPO, preferred provider organization; HMO, health maintenance organization; POS, point of 
service.
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Table 2

Differences in Healthcare Utilization and Expenditure Following Surgery Between Preoperative Opioid Users 

and Non-usersa

Opioid Naïveb Preoperative Opioid Use P Value

Healthcare Utilization

 Length of hospital stay, days 2.5 2.8 <0.001

 Patients discharged to rehabilitation facilities, % 2.4 3.5 <0.001

 Patients readmitted within 30 days, % 3.1 3.7 <0.001

Healthcare Expenditure

 Cost of hospital stay, USD 21, 241.80 21, 919.00 0.02

 90-day postoperative cost, USD 3,681.70 5,405.40 <0.001

 180-day postoperative cost, USD 6,469.80 10,148.20 <0.001

 365-day postoperative cost, USD 11,419.40 19,695.60 <0.001

a
All models were adjusted by all patient demographic and clinical characteristics

b
Opioid naïve patients served as the reference group
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