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INTRODUCTION

Pain is a prevalent and costly condition, with
chronic pain impacting at least 100 million American
adults and costing the nation up to $635 billion annu-
ally in medical treatment and lost productivity.1 To
treat pain, physicians may turn to opioids, which are
commonly prescribed for pain management2; how-
ever, the use of opioids in chronic pain remains con-
troversial because of concerns about potential misuse,
abuse, and diversion.3

Sales of opioid pain relievers in the United States
have increased ~4-fold from 1999 to 2008, with a 

parallel increase in the overdose death rates and sub-
stance abuse treatment admissions related to opioid
pain relievers over this same time period.4 Over the
period 2004 to 2008, the number of emergency
department (ED) visits related to nonmedical use of
opioid analgesics has more than doubled, from
144,600 in 2004 to 305,900 in 2008; unintentional opi-
oid overdose deaths have increased fivefold from
1999 to 2009, rising from ~3,000 deaths in 1999 to
15,597 deaths in 2009.5,6 In the 2010 National Survey
on Drug Use and Health (NSDUH), ~5.1 million peo-
ple aged �12 years in the United States reported non-
medical use of a prescription pain medication within
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ABSTRACT

Objective: To evaluate the prevalence, characteristics, associated healthcare
resource utilization (HRU), and costs of diagnosed prescription opioid abusers
(abusers) in a managed care population.
Methods: Patients aged �12 years with a claim for opioid abuse were identified
in the Thomson MarketScan Commercial and Medicare Supplemental research
databases between January 1, 2005 and September 30, 2010. HRU and costs (per
patient per month) were calculated for all patients with an index date (date of opi-
oid abuse diagnosis) from October 1, 2008 to September 30, 2009 and continuous
eligibility through 6 months prior to (preindex) and 12 months after (postindex)
date. Abusers were matched 1:3 on demographics to nonabusers.
Results: The overall prevalence of diagnosed opioid abuse was 0.195 percent dur-
ing 2005-2010, with a twofold increase from 2005 to 2010. Diagnosed abuse was
more prevalent in males (0.220 percent), those aged 18-25 years (0.271 percent),
those from the Northeast region (0.231 percent), those with a comorbidity of pain
(0.462 percent), and those with an opioid prescription (0.924 percent). A total of
15,398 abusers were matched to 46,194 nonabusers. Medical comorbidities were
significantly higher (all p < 0.0001) in abusers versus nonabusers in the preindex
and postindex periods. Each healthcare resource measured was significantly higher
for abusers than nonabusers in the preindex and postindex periods (p < 0.0001).
Total all-cause costs were higher for abusers than nonabusers in the preindex
($1,856 vs $372, respectively) and postindex ($2,138 vs $408) periods (p < 0.0001).
Conclusions: Opioid abuse increased over time and abusers were associated with
significantly greater HRU and costs compared with nonabusers before and after
the diagnosis of abuse.
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the past month, and ~2.0 million people reported first
initiating nonmedical use of prescription pain med-
ication within the past year.7

Prescription opioid abuse is associated with sub-
stantial costs, from both a societal and payer perspec-
tive. At the societal level, the cost of nonmedical use
of prescription opioids in the United States was esti-
mated at $53.4 billion annually, and prescription opi-
oid abuse, dependence, and misuse was estimated at
$55.7 billion annually.8,9 It is estimated that the abuse
and illegal obtaining and resale of opioid pain reliev-
ers cost payers ~$72.5 billion annually.10 In a privately
insured population diagnosed opioid abuse patients
incurred $20,546 more in annual healthcare costs than
demographically similar controls, and Medicaid
(Florida) opioid abuse patients cost $15,183 in excess
of controls.11 Furthermore, the prevalence of diag-
nosed opioid abuse in the privately insured popula-
tion increased fourfold from 1999 (0.05 percent) to
2007 (0.20 percent) and more than doubled in the
Florida Medicaid population from 1999 (0.18 percent)
to 2006 (0.50 percent).11 In a study of 37.5 million
Medicaid patients in the Medicaid Analytic eXtract
(MAX) files (2002-2003), the prevalence of opioid
abuse was found to be 0.87 percent, and annual costs
were nearly $6,000 higher annually for diagnosed opi-
oid abusers compared with matched controls.12

To date, the only noninterventional studies to
evaluate diagnosed prescription opioid abuse have
included a single private payer database (Ingenix
Employer Solutions [now OptumInsight™] data), a
single state Medicaid database (Florida), or an older
national Medicaid database (MAX 2002-2003).11-13

Furthermore, these previous studies provided lim-
ited information on the association of prescription
opioid use to that of diagnosed abuse.

The objectives of this retrospective cohort study
were to expand on previous research by evaluating
the prevalence of diagnosed opioid abuse over
time as well as to describe patient characteristics,
opioid treatment patterns, and associated resource
use and costs for those with diagnosed prescrip-
tion opioid abuse in a claims database of privately
insured patients for the most recent calendar year
available.

METHODS

This retrospective cohort study used administra-
tive claims from the Thomson Reuters MarketScan®
Commercial Claims and Encounters and Medicare

Supplemental research databases (70.5 million lives)
between January 2005 and September 2010.

Data  source

Data for the study were obtained from MarketScan
Commercial Claims and Encounters and Medicare
Supplemental databases (Thomson Reuters®) for the
years 2005-2010. This database includes complete lon-
gitudinal records of inpatient services, outpatient serv-
ices, long-term care, and prescription drug claims cov-
ered under a variety of fee-for-service and capitated
health plans, including exclusive provider organiza-
tions, preferred provider organizations, point-of-serv-
ice plans, indemnity plans, and health maintenance
organizations. The data are nationally representative,
quality controlled, and Health Insurance Portability
and Accountability Act of 1996 compliant.

Available information in this database includes
patient age, gender, census region, dates of eligibility
for health insurance, facility claims, provider claims,
pharmacy claims, and reimbursed and charged
amounts for all claims. All claims for any given patient
can be linked using unique encrypted identifiers.

Study  population

Patients were considered diagnosed prescription
opioid abusers (hereinafter also referred to as
abusers), based on International Classification of
Disease, Ninth Revision Clinical Modification (ICD-9-
CM) codes, if they had a previous history of opioid
type dependence (304.0X), combinations of opioid
abuse with any other (304.7X), opioid abuse (305.5X),
or poisoning with opiates and related narcotics, not
heroin (965.00, 965.02, and 965.09). These ICD-9
codes have been used previously in similar studies
using claims databases to identify the population of
interest, that is, opioid abusers. Therefore, this group
included patients with claims for opioid abuse,
dependence, and poisoning. The control group
included patients who were not diagnosed with pre-
scription opioid abuse (hereinafter referred to as
nonabusers). To determine the prevalence of diag-
nosed opioid abuse by calendar year, patients aged
�12 years as of January 1, 2005 were selected (age is
consistent with the NSDUH). For the remaining objec-
tives, patients had to be aged �12 years as of October
1, 2008, had a diagnosis of opioid abuse during
October 1, 2008 to September 30, 2009, and had con-
tinuous eligibility in the 6-month preindex period
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(index being the date of opioid abuse diagnosis)
through the 12-month postindex periods (Figure 1).
Matching (1 abuser:3 nonabusers) was performed to
ensure that the cohorts of abusers and nonabusers
were closely balanced. Nonabusers were selected and
matched to abusers by gender, age, and geographic
region. The index date of a nonabuser was equal to
the index date of its matched abuser from October 1,
2008 to September 30, 2009.

Assessments  and  analyses

Prevalence of diagnosed opioid abuse by cal-
endar year. Prevalence of diagnosed opioid abuse
was calculated as the number of unique individuals
with a claim for opioid abuse divided by the total num-
ber of unique enrolled patients for the period of inter-
est and was reported as a percentage. Prevalence was
determined for all patients in the dataset by calendar
year for each year from 2005 through 2010. The
denominator included all patients aged �12 years in
the dataset for each year of interest (eg, January 1,
2005 to December 31, 2005). The numerator included
all cases identified with a diagnosis of opioid abuse
during the same year of interest. Prevalence was calcu-
lated overall and by year of interest (2005, 2006, 2007,
2008, 2009, and 2010), by age (12-17, 18-25, 26-34, 35-
54, 55-64, and 65+), gender, region (Northeast, North
Central, South, and West), presence of pain-related
conditions, and any opioid use.

Patient characteristics. Demographics (age, gen-
der, region, health plans, and benefit plan types) and
the presence of medical comorbidities in the 6-month
preindex and 12-month postindex periods were eval-
uated for each patient. Select comorbidities were
evaluated per ICD-9-CM codes as used in previous

studies.11,12 Pain and nonpain-related medical condi-
tions were tracked separately. Comorbidities were
reported as a percentage of the population with spe-
cific comorbid conditions. A preindex Quan-Charlson14

comorbidity score was computed for each patient.

Healthcare resource utilization and costs.
All-cause and opioid abuse-related healthcare
resource utilization (HRU) and costs were evaluated
in all patients in the dataset with index dates during
October 1, 2008 to September 30, 2009 and with 6-
month preindex through 12-month postindex con-
tinuous eligibility. All costs were charged costs
(included copay and deductible) and were not
adjusted. HRU (percentage, average per patient per
month) and costs (average per patient per month)
were determined for prescriptions filled, inpatient
care, ED visits, and outpatient care in the 6-month
preindex and 12-month postindex periods. All hos-
pitalizations with same day admission and discharge
dates were classified as ED visits. Opioid abuse-
related healthcare utilization and costs included all
inpatient stays and outpatient visits associated with
ICD-9-CM codes of interest (304.0X, 304.7X, 305.5X,
965.00, 965.02, and 965.09).

Use of opioids was evaluated based on pharmacy
claims for the 6-month preindex and 12-month postin-
dex periods for each patient who had at least 6 months
of eligibility before and 12 months after the index date.
Use was reported as the percentage of patients with an
opioid prescription, the number of unique opioids, and
the average number of prescriptions filled per patient
per month, overall, and by individual opioid or opioid
drug category as follows: short-acting opioids (SAO;
hydrocodone combinations, oxycodone combinations,
oxycodone immediate release, oral transmucosal 
fentanyl, all other SAO) or long-acting opioids (LAO;
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Figure 1. Sample study period.



oxycodone extended release (ER), morphine ER, trans-
dermal fentanyl, methadone, oxymorphone ER, all
other LAO).

Statistical  analyses

Demographic and baseline characteristics were
compared between abusers and nonabusers using chi-
square tests for categorical variables or dichotomous

variables and two-sample t tests for continuous
variables.

The preindex relative risk (RR) of comorbidities
(abusers/nonabusers) and the percent change in RR
was obtained from repeated measures models using
Proc GENMOD in SAS® (SAS Institute, Inc., Cary,
NC) with a binomial distribution and log link. Terms
for age, gender, time, cohort, and time by cohort
interaction were included in the model.

The response variable in each analysis of HRU and
cost category is the change in the variable from prein-
dex per month to postindex per month (difference in
difference [DID]). DID was evaluated using a general
linear model that included terms for cohort, Charlson
comorbidity index, age, gender, any pain condition
during the preindex period, health plan, and plan type.
All analyses were performed using SAS® (version 9.2).

RESULTS

Prevalence  of  diagnosed  opioid  abuse  by  calendar  year

The overall prevalence of diagnosed opioid abuse
during 2005-2010 was 0.195 percent (Table 1).
Diagnosed opioid abuse was more prevalent in males
(0.220 percent), those aged 18-25 years (0.271 per-
cent), those from the Northeast (0.231 percent), those
with a comorbidity of pain (0.462 percent), and those
with an opioid prescription (0.924 percent). The
prevalence of diagnosed opioid abuse in 2010 was
0.145 percent, which was more than a twofold
increase from 2005 (Table 2). The prevalence of 
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Table 1. Overall prevalence of diagnosed abuse
from 2005 to 2010

Prevalence, 
percent

SE

Overall 0.195 0.001

Age, y

12-17 0.089 0.001

18-25 0.271 0.002

26-34 0.231 0.002

35-54 0.220 0.001

55-64 0.158 0.001

65+ 0.102 0.001

Gender

Male 0.220 0.001

Female 0.172 0.001

Region

Northeast 0.231 0.002

North Central 0.188 0.001

South 0.192 0.001

West 0.192 0.001

Unknown 0.169 0.003

Comorbidity of pain

No 0.087 0.000

Yes 0.462 0.002

Prescription for opioids

No 0.086 0.000

Yes 0.924 0.003

SE, standard error of percent.

Table 2. Relative risk for diagnosed abuse 
by calendar year

Year
Prevalence,

percent

Relative risk

Male/
female

Comorbidity of
pain/no pain

+RxO/
��RxO

2005 0.067 1.2 5.4 9.2

2006 0.073 1.3 4.4 9.0

2007 0.092 1.2 4.8 7.1

2008 0.112 1.3 4.2 11.6

2009 0.144 1.3 4.2 8.9

2010 0.145 1.4 3.9 10.3

+RxO, patients with a prescription for opioid; �RxO, patients
without a prescription for opioid.



opioid abuse by geographical region increased con-
sistently from 2005 to 2010 in each region; however,
the prevalence in the Northeast increased the greatest
(2.5-fold; 0.183 percent in 2010 vs 0.072 percent in
2005) compared with a 1.6- to 2.2-fold increase in the
other regions (Figure 2). For each year evaluated, the
prevalence of diagnosed opioid abuse was greater
among males, patients aged 18 to 25 years, patients
with a comorbidity of pain, and patients with an opi-
oid prescription. For each year, the RR for diagnosed
opioid abuse was greater for males than females (1.2-
1.4), patients with a comorbidity of pain (3.9-5.4), and
patients with a prescription for an opioid than those
without (7.1-11.6; Table 2).

Healthcare  resource  utilization  and  costs

For the most recent calendar year available, a
total of 15,398 abusers were matched (1:3) to 46,194
nonabusers. The demographic characteristics of
abusers and matched nonabusers are presented in
Table 3 and show that the two cohorts had similar
proportions of each gender (46 percent were
female), were similar in age (abusers, 41.90 ± 15.5
years; nonabusers, 42.56 ± 15.5 years), and were
distributed similarly among the various geographic
regions. Most abusers and matched nonabusers
resided in the South (36.5 percent), followed by
North Central (26.1 percent), West (25.3 percent),
and the Northeast (11.8 percent) region (Table 3).

The percentage of all medical comorbidities
examined was significantly higher (all p < 0.0001) in

abusers compared with nonabusers in both the
preindex and postindex periods (Table 4). The most
prevalent comorbidities for both abusers and
nonabusers were any pain condition followed by
psychiatric disorders. During the preindex period,
60.8 percent of abusers and 24.2 percent of
nonabusers (RR, 2.6) had any pain condition, and
44.4 percent of abusers and 6.8 percent of
nonabusers (RR, 6.5) had a psychiatric disorder. In
the postindex period, 69.7 percent of abusers and
35.9 percent of nonabusers (RR, 1.9) had any pain
condition, and 65 percent of abusers and 10.9 per-
cent of nonabusers (RR, 6) had a psychiatric disor-
der. The comorbidities with the largest RR in the
preindex period included alcoholic hepatitis (RR,
76.6), other substance abuse (RR, 20.6), nonopioid
poisoning (RR, 19.5), pancreatitis (RR, 14.6), other
hepatitis (RR, 13.3), hepatitis A, B, or C (RR, 9.2),
and psychiatric disorders (RR, 6.5; Table 4). Of the
significant percent changes in RR in the postindex
period from the preindex period, the greatest
change was in the comorbidities of nonopioid poi-
soning (+145.0 percent; p < 0.0001), pancreatitis
(�35.6 percent; p < 0.05), any pain condition (�31.9
percent; p < 0.0001), and psychiatric disorders (�9.4
percent; p < 0.0001; Table 4).

HRU and cost are presented in Table 5. HRU was
significantly higher for abusers compared with
nonabusers for each resource measured in both the
preindex and postindex periods (p < 0.0001; Table
5). Abusers had more inpatient stays (10-fold), out-
patient visits (threefold), office visits (threefold), ED
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Figure 2. Prevalence of diagnosed abuse by region and year.
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Table 3. Baseline demographic and clinical characteristics of abusers and nonabusers*

Demographic characteristic Abusers (N �� 15,398) Nonabusers (N �� 46,194) p value

Gender, n (percent) 1.000

Female 7,135 (46.34) 21,405 (46.34)

Male 8,263 (53.66) 24,789 (53.66)

Age, y <0.0001†

Overall mean age (SD) 41.90 (15.48) 42.56 (15.50)

Male mean age (SD) 40.41 (15.34) 41.05 (15.37)

Female mean age (SD) 43.63 (15.45) 44.30 (15.48)

Age group, y, n (percent) <0.0001†

12-17 574 (3.73) 1,203 (2.60)

18-34 4,670 (30.33) 13,956 (30.21)

35-44 2,865 (18.61) 8,586 (18.59)

45-54 3,964 (25.74) 11,706 (25.34)

55-64 2,472 (16.05) 7,935 (17.18)

65+ 853 (5.54) 2,808 (6.08)

Geographic region 1.000

Northeast 1,821 (11.83) 5,463 (11.83)

North Central 4,016 (26.08) 12,048 (26.08)

South 5,627 (36.54) 16,881 (36.54)

West 3,893 (25.28) 11,679 (25.28)

Unknown 41 (0.27) 123 (0.27)

Health plan indicator <0.0001

Employer 12,426 (80.70) 38,188 (82.67)

Health plan 2,972 (19.30) 8,006 (17.33)

Type of benefit plan <0.0001

Missing/unknown 569 (3.70) 2,873 (6.22)

Comprehensive 909 (5.90) 2,205 (4.77)

EPO 131 (0.85) 449 (0.97)



visits (ninefold), surgical procedures (twofold), and
laboratory tests (threefold) compared with nonabusers
in the preindex and postindex period (Table 5). The
average inpatient length of stay per hospitalization
for abusers was 11-fold longer than for nonabusers
in the preindex period (1.28 vs 0.12, respectively)
and 13-fold longer in the postindex period (3.06 vs
0.23; Table 5). The DIDs for HRU were small though
significant (Table 5).

Total all-cause healthcare costs (per patient per
month) were five times higher for abusers than
nonabusers in both the preindex ($1,856 vs $372,
respectively) and postindex ($2,138 vs $408) peri-
ods; abusers had excess costs of $1,484 in the prein-
dex period and $1,730 in the postindex period com-
pared with matched controls (Figure 3; Table 5).
The largest cost drivers were total outpatient and
inpatient costs. Total outpatient costs were four
times higher for abusers compared with nonabusers
in the preindex ($777 vs $205) and postindex ($860
vs $221) periods. Total inpatient costs were eight
times higher for abusers compared with nonabusers
in the preindex ($712 vs $85) and postindex ($881
vs $101) periods. The cost for ED visits was nine
times higher for abusers compared with nonabusers
in both the preindex ($126 vs $13) and postindex
($129 vs $15) periods (Table 5). Abuse-related inpa-
tient stays and abuse-related outpatient visits were
higher in the postindex period ($301 and $116) than
the preindex period ($89 and $26), respectively.
The DID for total cost was $245 more for abusers
(Table 5). The DID indicated inpatient utilization

was the biggest cost driver. Abuse-related inpatient
stays were 34 percent of the total inpatient costs.

The mean number of prescriptions filled per
patient per month (including opioids and nonopi-
oids) was greater for abusers than nonabusers in the
preindex (3.4 vs 0.9, respectively) and postindex
(3.4 vs 1.0) periods (p < 0.0001, Table 5). More
abusers than nonabusers received an opioid pre-
scription in both the preindex (68 percent vs 14 per-
cent, respectively) and postindex (75 percent vs 22
percent) periods (p < 0.0001; Table 6). The mean
number of opioid prescriptions per patient per
month was greater for abusers (0.94 and 0.86) com-
pared with nonabusers (0.06 and 0.06) in the prein-
dex and postindex periods, respectively. Of the opi-
oid prescriptions, SAO prescriptions were filled by
more abusers and nonabusers than LAO prescrip-
tions. Hydrocodone combinations were the most
common SAO prescription filled (Table 6). The
mean costs for all opioid prescriptions per patient
per month were significantly higher for abusers
compared with nonabusers in the preindex ($146 vs
$3) and postindex ($161 vs $3) periods (p < 0.0001).
The LAO prescriptions had a higher mean cost than
the SAO prescriptions (Table 6). The DIDs in num-
ber of opioid prescriptions and cost were small and
bidirectional (Table 6).

DISCUSSION

The results from this study affirm those of other
studies that used similar methodology but different
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Table 3. Baseline demographic and clinical characteristics of abusers and nonabusers*  (continued)

Demographic characteristic Abusers (N �� 15,398) Nonabusers (N �� 46,194) p value

HMO 2,852 (18.52) 9,008 (19.50)

POS 1,504 (9.77) 4,573 (9.90)

PPO 8,902 (57.81) 24,789 (53.66)

POS with capitation 89 (0.58) 235 (0.51)

CDHP 383 (2.49) 1,701 (3.68)

HDHP 59 (0.38) 361 (0.78)

CDHP, consumer-driven health plan; EPO, exclusive provider organization; HDHP, high-deductible health plan; HMO, health
maintenance organizations; POS, point of service; PPO, preferred provider organizations; SD, standard deviation.
*Data source: MarketScan Commercial Claims and Encounters and Medicare Supplemental databases (Thomson Reuters, 
2008-2009).
†This small difference is significant because of the large sample size.
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Table 4. Comorbidity conditions for abusers and nonabusers in the preindex and postindex periods*

Comorbidity condition

Preindex† Postindex†

Abusers, 
n (percent), 
N �� 15,398

Nonabusers, 
n (percent), 
N �� 46,194

RR
(abusers/n
onabusers)

Abusers, 
n (percent),
N �� 15,398

Nonabusers,
n (percent),
N �� 46,194

Percent
change in

RR

Other substance abuse 3,374 (21.91) 489 (1.06) 20.6 6,867 (44.60) 1,003 (2.17) �0.5

Nonopioid poisoning 659 (4.28) 102 (0.22) 19.5 2,648 (17.20) 168 (0.36) 145.0‡

Psychiatric disorders 6,842 (44.43) 3,149 (6.82) 6.5 10,006 (64.98) 5,030 (10.89) �9.4‡

HIV-AIDS 46 (0.30) 63 (0.14) 2.2 61 (0.40) 71 (0.15) 17.6

Endocarditis 25 (0.16) 11 (0.02) 7.0 56 (0.36) 22 (0.05) 12.0

Skin infections/abscesses 949 (6.16) 929 (2.01) 3.1 1,673 (10.87) 1,787 (3.87) �8.4

Gastrointestinal bleed 1,115 (7.24) 1,226 (2.65) 2.8 2,098 (13.63) 2,411 (5.22) �4.7

Cirrhosis/chronic acute liver disease 356 (2.31) 276 (0.60) 3.9 739 (4.80) 577 (1.25) �0.9

Hepatitis A, B, or C 268 (1.74) 89 (0.19) 9.2 487 (3.16) 138 (0.30) 17.0

Alcoholic hepatitis 25 (0.16) 1 (0.00) 76.6 35 (0.23) 7 (0.02) �80.0

Other hepatitis 22 (0.14) 5 (0.01) 13.3 21 (0.14) 8 (0.02) �40.4

Pancreatitis 182 (1.18) 38 (0.08) 14.6 287 (1.86) 93 (0.20) �35.6§

Sexually transmitted disease 527 (3.42) 986 (2.13) 1.6 842 (5.47) 1,675 (3.63) �5.9

Any pain condition 9,361 (60.79) 11,168 (24.18) 2.6 10,735 (69.72) 16,576 (35.88) �31.9‡

Herpes simplex 95 (0.62) 149 (0.32) 1.9 170 (1.10) 258 (0.56) 3.5

Burns 65 (0.42) 50 (0.11) 3.9 126 (0.82) 78 (0.17) 24.3

Trauma 3,707 (24.07) 4,118 (8.91) 2.7 5,294 (34.38) 6,872 (14.88) �14.3‡

Cancer 448 (2.91) 856 (1.85) 1.6 644 (4.18) 1,279 (2.77) �4.4

Low back pain 5,043 (32.75) 2,961 (6.41) 5.2 6,294 (40.88) 5,044 (10.92) �28.3‡

Other back/neck disorders 4,853 (31.52) 3,361 (7.28) 4.4 5,901 (38.32) 5,418 (11.73) �25.6‡

Arthritis 5,557 (36.09) 6,157 (13.33) 2.7 7,285 (47.31) 10,075 (21.81) �25.9‡

Neuropathic pain 1,272 (8.26) 1,059 (2.29) 3.7 2,032 (13.20) 1,857 (4.02) �9.0§

Fibromyalgia 1,082 (7.03) 437 (0.95) 7.5 1,611 (10.46) 855 (1.85) �24.1‡

Migraine/headache 1,779 (11.55) 1,307 (2.83) 4.1 2,725 (17.7) 2,368 (5.13) �16.0‡

HIV, human immunodeficiency virus; RR, relative risk.
*Data source: MarketScan Commercial Claims and Encounters and Medicare Supplemental databases (Thomson Reuters, 
2008-2009).
†p < 0.0001 for all comparisons of abusers and nonabusers.
‡p < 0.0001 for percent change in RR.
§p < 0.05 for percent change in RR. 
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Table 5. Healthcare resource utilization and cost among abusers and nonabusers in the preindex and
postindex periods*

Preindex period† Postindex period†

DID‡,§

Abusers 
(N �� 15,398)

Nonabusers 
(N �� 46,194)

Abusers 
(N �� 15,398)

Nonabusers
(N �� 46,194)

HRU and cost per patient per month

Total cost (IP + OP + prescriptions), 
n (percent)

14,855 (96.47) 35,369 (76.57) 15,391 (99.95) 40,155 (86.93)

Mean cost (SD), $ 1,856 (4,446.1) 372 (1,406.3) 2,138 (4,577.3) 408 (1,556.8) 245

IP total,¶ n (percent) 2,996 (19.46) 1,234 (2.67) 6,817 (44.27) 2,398 (5.19)

Mean HRU (SD) 0.05 (0.13) 0.01 (0.03) 0.07 (0.12) 0.01 (0.03) 0.02

Mean cost (SD), $ 712 (3,552.7) 85 (1,007.6) 881 (3,831.0) 101 (1,090.6) 152

OP total,** n (percent) 14,424 (93.67) 32,139 (69.57) 15,352 (99.70) 38,569 (83.49)

Mean HRU (SD) 2.23 (2.33) 0.70 (1.11) 2.57 (2.34) 0.74 (1.10) 0.31

Mean cost (SD), $ 777 (1,548.9) 205 (715.4) 860 (1,447.2) 221 (663.6) 67

Prescriptions filled,†† n (percent) 13,195 (85.69) 28,383 (61.44) 13,974 (90.75) 33,461 (72.44)

Mean HRU (SD) 3.40 (3.31) 0.90 (1.44) 3.42 (3.10) 0.95 (1.44) �0.03

Mean cost (SD), $ 367 (764.9) 82 (289.6) 398 (736.5) 87 (263.0) 26

Other HRU and costs of interest

Abuse-related IP stays,‡‡ n (percent) 674 (4.38) 4,986 (32.38)

Mean HRU (SD) 0.01 (0.04) 0.04 (0.06) 0.03

Mean cost (SD), $ 89 (1,027.7) 301 (955.4) 212

Abuse-related OP visits,§§ n (percent) 2,568 (16.68) 12,901 (83.78)

Mean HRU (SD) 0.17 (0.74) 0.52 (1.08) 0.35

Mean cost (SD), $ 26 (180.5) 116 (262.7) 90

Average IP length of stays per 
hospitalization, n (percent)

2,996 (19.46) 1,234 (2.67) 6,817 (44.27) 2,398 (5.19)

Mean (SD), days 1.28 (3.81) 0.12 (1.00) 3.06 (5.45) 0.23 (1.33) 1.67

Office visits, n (percent) 13,036 (84.66) 28,552 (61.81) 14,325 (93.03) 36,150 (78.26)

Mean HRU (SD) 0.85 (0.87) 0.30 (0.40) 0.86 (0.78) 0.31 (0.37) 0.00

Mean cost (SD), $ 80 (123.2) 27 (60.2) 85 (115.3) 29 (47.6) 2
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Table 5. Healthcare resource utilization and cost among abusers and nonabusers in the preindex and
postindex periods* (continued)

Preindex period† Postindex period†

DID‡,§
Abusers 

(N �� 15,398)
Nonabusers 
(N �� 46,194)

Abusers 
(N �� 15,398)

Nonabusers 
(N �� 46,194)

ED (IP or OP) visits, n (percent) 5,959 (38.70) 3,839 (8.31) 8,770 (56.96) 7,111 (15.39)

Mean HRU (SD) 0.18 (0.43) 0.02 (0.08) 0.18 (0.39) 0.02 (0.07) 0.00

Mean cost (SD), $ 126 (416.3) 13 (98.3) 129 (396.3) 15 (84.1) 2

Surgical procedures (IP or OP), 
n (percent)

8,424 (54.71) 16,108 (34.87) 10,814 (70.23) 23,806 (51.53)

Mean HRU (SD) 0.30 (0.53) 0.13 (0.27) 0.29 (0.45) 0.13 (0.24) �0.02

Mean cost (SD), $ 143 (613.4) 44 (255.4) 127 (401.0) 47 (218.3) �19¶¶

Laboratory tests, n (percent) 10,221 (66.38) 20,146 (43.61) 13,526 (87.84) 28,767 (62.27)

Mean HRU (SD) 0.39 (0.63) 0.16 (0.29) 0.47 (0.61) 0.16 (0.28) 0.07

Mean cost (SD), $ 79 (238.1) 20 (122.5) 105 (254.8) 22 (145.2) 25

DID, difference in difference; ED, emergency department; HRU, healthcare resource utilization; IP, inpatient; OP, outpatient; 
SD, standard deviation.
*Data source: MarketScan Commercial Claims and Encounters and Medicare Supplemental databases (Thomson Reuters; 
2008-2009).
†p < 0.0001 for all comparisons of abusers and nonabusers.
‡DID equals (abusers postindex � preindex) � (nonabusers postindex � preindex).
§p < 0.0001 for DID comparisons unless otherwise noted.
¶Includes all IP HRU and costs (ie, IP ED visits, IP laboratory tests, IP surgical procedures, abuse-related IP stays).
**Includes all OP HRU and costs (ie, OP ED visits, OP laboratory tests, OP surgical procedures, abuse-related OP visits).
††Includes all prescriptions filled (opioids and nonopioids).
‡‡Includes all IP stays associated with ICD-9-CM codes of interest (304.0X, 304.7X, 305.5X, 965.00, 965.02, and 965.09).
§§Includes all OP visits associated with ICD-9-CM codes of interest (304.0X, 304.7X, 305.5X, 965.00, 965.02, and 965.09).
¶¶Not significant.

Figure 3. Per patient per month costs for abusers and nonabusers for the preindex and postindex periods.
*p < 0.0001 compared with nonusers.
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Table 6. No. of opioid prescriptions and cost among abusers and nonabusers in the preindex 
and postindex periods*

No. of opioid 
prescriptions and cost per
patient per month

Preindex† Postindex†

DID‡

Opioid abusers
(N �� 15,398)

Nonabusers
(N �� 46,194)

Abusers 
(N �� 15,398)

Nonabusers 
(N �� 46,194)

Opioid prescriptions, 
n (percent)

10,471 (68.00) 6,247 (13.52) 11,472 (74.50) 10,032 (21.72)

Mean prescriptions (SD) 0.94 (1.12) 0.06 (0.23) 0.86 (0.92) 0.06 (0.22) �0.08§

Mean cost (SD), $ 146 (613.0) 3 (57.8) 161 (570.3) 3 (40.5) 16§

SAO prescriptions, n (percent) 8,349 (54.22) 6,111 (13.23) 8,520 (55.33) 9,959 (21.56)

Mean prescriptions (SD) 0.60 (0.92) 0.05 (0.20) 0.43 (0.68) 0.05 (0.19) �0.17§

Mean cost (SD), $ 42 (465.3) 1 (42.7) 31 (429.8) 1 (11.7) �11§

Hydrocodone combinations, 
n (percent)

5,980 (38.84) 3,943 (8.54) 6,000 (38.97) 6,826 (14.78)

Mean prescriptions (SD) 0.32 (0.62) 0.03 (0.15) 0.21 (0.44) 0.03 (0.14) �0.11§

Mean cost (SD), $ 7 (20.3) 0 (4.0) 4 (14.7) 0 (3.6) �2§

Oxycodone combinations, 
n (percent)

2,739 (17.79) 1,097 (2.37) 3,081 (20.01) 1,964 (4.25)

Mean prescriptions (SD) 0.11 (0.34) 0.01 (0.06) 0.08 (0.25) 0.01 (0.06) �0.03§

Mean cost (SD), $ 6 (32.8) 0 (6.2) 5 (28.4) 0 (5.7) �2§

Oxycodone IR, n (percent) 1,074 (6.97) 130 (0.28) 1,233 (8.01) 247 (0.53)

Mean prescriptions (SD) 0.05 (0.24) 0.00 (0.03) 0.04 (0.21) 0.00 (0.03) �0.01§

Mean cost (SD), $ 4 (35.4) 0 (1.4) 3 (26.6) 0 (1.9) �1§

Tramadol 1,410 (9.16) 630 (1.36) 1,947 (12.64) 1,087 (2.35)

Mean prescriptions (SD) 0.04 (0.21) 0.01 (0.05) 0.04 (0.17) 0.01 (0.05) �0.01§

Mean cost (SD), $ 1 (6.4) 0 (1.9) 1 (4.6) 0 (1.7) 0§

All other SAO,¶ n (percent) 2,076 (13.48) 1,416 (3.07) 2,487 (16.15) 2,373 (5.14)

Mean prescriptions (SD) 0.07 (0.29) 0.01 (0.06) 0.06 (0.23) 0.01 (0.06) �0.02§

Mean cost (SD), $ 25 (461.5) 0 (41.9) 18 (427.2) 0 (8.6) �7§

LAO prescriptions, n (percent) 5,921 (38.45) 351 (0.76) 7,778 (50.51) 483 (1.05)

Mean prescriptions (SD) 0.36 (0.60) 0.01 (0.08) 0.45 (0.64) 0.01 (0.08) 0.10§

Mean cost (SD), $ 102 (333.0) 2 (35.7) 130 (319.3) 2 (36.9) 28§
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Table 6. No. of opioid prescriptions and cost among abusers and nonabusers in the preindex 
and postindex periods* (continued)

No. of opioid prescriptions
and cost per patient per
month

Preindex† Postindex†

DID‡

Opioid abusers
(N �� 15,398)

Nonabusers 
(N �� 46,194)

Abusers 
(N �� 15,398)

Nonabusers 
(N �� 46,194)

Oxycodone ER, n (percent) 1,303 (8.46) 121 (0.26) 1,268 (8.23) 169 (0.37)

Mean prescriptions (SD) 0.07 (0.29) 0.00 (0.05) 0.05 (0.24) 0.00 (0.04) �0.02§

Mean cost (SD), $ 39 (296.6) 1 (30.8) 33 (265.0) 1 (31.8) �6§

Morphine ER, n (percent) 976 (6.34) 87 (0.19) 1,049 (6.81) 123 (0.27)

Mean prescriptions (SD) 0.05 (0.24) 0.00 (0.04) 0.04 (0.21) 0.00 (0.04) �0.01§

Mean cost (SD), $ 8 (65.0) 0 (11.2) 7 (67.7) 0 (10.4) �1§

Transdermal fentanyl, 
n (percent)

847 (5.50) 73 (0.16) 871 (5.66) 108 (0.23)

Mean prescriptions (SD) 0.04 (0.20) 0.00 (0.03) 0.03 (0.178) 0.00 (0.03) �0.01§

Mean cost (SD), $ 11 (77.5) 0 (9.1) 9 (63.9) 0 (9.8) �3§

Buprenorphine 2,824 (18.34) 19 (0.04) 5,139 (33.37) 42 (0.09)

Mean prescriptions (SD) 0.15 (0.41) 0.00 (0.02) 0.28 (0.54) 0.00 (0.03) 0.13§

Mean cost (SD), $ 38 (109.5) 0 (5.4) 76 (151.4) 0 (6.4) 38§

Methadone, n (percent) 649 (4.21) 38 (0.08) 750 (4.87) 45 (0.10)

Mean prescriptions (SD) 0.03 (0.167) 0.00 (0.024) 0.03 (0.159) 0.00 (0.023) 0.00

Mean cost (SD), $ 1 (4.40) 0 (0.60) 1 (4.30) 0 (0.5) 0

All other LAO,** n (percent) 799 (5.19) 83 (0.18) 942 (6.12) 99 (0.21)

Mean prescriptions (SD) 0.03 (0.18) 0.00 (0.03) 0. 03 (0.16) 0.00 (0.03) 0.00

Mean cost (SD), $ 1 (11.8) 0 (3.1) 1 (10.9) 0 (3.4) 0

DID, difference in difference; ER, extended release; HCl, hydrochloride; IR, immediate release; LAO, long-acting opioid; 
SAO, short-acting opioid; SD, standard deviation.
*Data source: MarketScan Commercial Claims and Encounters and Medicare Supplemental databases (Thomson Reuters; 
2008-2009).
†p < 0.0001 for all comparisons of abusers and nonabusers.
‡DID equals (abusers postindex � preindex) � (nonabusers postindex � preindex).
§p < 0.001.
¶All other SAO include oral transmucosal fentanyl, hydromorphone HCl, acetaminophen/butalbital/caffeine/codeine phosphate,
acetaminophen/caffeine/dihydrocodeine bitartrate, acetaminophen/codeine phosphate, acetaminophen/pentazocine HCl, 
acetaminophen/propoxyphene HCl, acetaminophen/propoxyphene napsylate, aspirin/butalbital/caffeine/codeine phosphate,
aspirin/caffeine/dihydrocodeine bitartrate, aspirin/carisoprodol/codeine phosphate, aspirin/codeine phosphate, butorphanol 
tartrate, codeine sulfate, fentanyl citrate, meperidine HCl/promethazine HCl, meperidine HCI, methadone HCI, naloxone
HCl/pentazocine HCl, opium, propoxyphene HCl, propoxyphene napsylate, tapentadol HCl.
**All other LAO include tramadol ER, oxymorphone ER, hydromorphone HCl and levorphanol tartrate.



databases,11-13 demonstrating that the annual preva-
lence of diagnosed opioid abuse has increased over
time, diagnosed abusers are associated with signifi-
cantly greater HRU and costs compared with
nonabusers, and diagnosed abusers are associated
with a greater RR for comorbidities and use of pre-
scription opioids compared with nonabusers. This
study expanded on previous studies by evaluating
prevalence over time by geographic region and RR
over time by gender, presence of comorbidities, and
presence of prescription opioids. In addition, for the
most recent calendar year in the database, this study
also compared comorbidities, HRU, costs, and spe-
cific prescription opioid use during both the prein-
dex (ie, before the date of diagnosed abuse) and
postindex periods.

There was a 116 percent increase in the annual
prevalence of diagnosed opioid abuse from 2005 to
2010 in this population. White et al. reported an
increase of 336 percent from 1999 to 2007 in a pri-
vately insured database and an 183 percent increase
from 1999 to 2006 in the Florida Medicaid popula-
tion.11 Comparing similar years (2005-2007), the
prevalence of diagnosed abuse was about 50 per-
cent lower in the population studied here. This may
be due, in part, to the inclusion of Medicare patients
in the current study. Indeed, the prevalence of diag-
nosed opioid abuse in patients aged �65 years was
lower compared with the other age groups.

Consistent with the increase in diagnosed abuse
from 2005 to 2010, the prevalence increased in each
geographical region over this period of time with
the Northeast having the greatest increase. This is
similar to the study that examined the Medicaid
population in 2002-200312 in which the Eastern
region had the highest prevalence of 1.9 percent
compared with the other regions (0.5-0.6 percent).
The 2010 NSDUH survey results7 reported the rates
of past year substance dependence or abuse of illicit
drugs or alcohol were highest in the West (10.0 per-
cent), followed by the Northeast (8.9 percent),
Midwest (8.8 percent), and the South (7.8 percent).
This is of interest as much of the media attention
given to the abuse of prescription opioids often
describes the problem as being more common in
the South (Appalachia and Florida15,16). Although
the data from the current study suggest increased
prevalence of opioid abuse in the Northeast, possi-
ble explanations for this high prevalence may
include regional differences in practice or diagnosis,
or population density.

This study demonstrated the RR for diagnosed
abuse was consistently greater in males each year
(20-40 percent greater), which is similar to a previ-
ous study13 in which 33 percent more abusers were
male. The 2010 NSDUH survey results7 reported the
past year nonmedical use of pain relievers to be 40
percent greater among males; however, other stud-
ies have reported more abusers to be female. White
et al. reported 9 percent and 66 percent more
abusers were female in both the privately insured
and Florida Medicaid database, respectively.11

Similarly, McAdam-Marx et al. reported that 4 per-
cent more abusers were female than male in the US
Medicaid population.12 The differences noted in the
proportion of male and female abusers in the differ-
ent studies may be caused by the differences in the
populations studied.

The two most prevalent comorbidities among
abusers, beside any pain condition, were other sub-
stance abuse and psychiatric disorders, similar to
the findings described in previous studies.8,11-13

Other substance abuse and psychiatric disorders
occurred at higher percentages in abusers com-
pared with nonabusers in both the preindex and
postindex periods. It is not surprising that these two
comorbidities are higher among abusers and identi-
fied as a key characteristic associated with abuse as
Rice et al. demonstrated.17

The greater RR for pain comorbidities each year
from 2005 to 2010 (RR, 3.9-5.4) and of having a pre-
scription for an opioid (7.1-11.6) among abusers com-
pared with nonabusers in this study is similar to other
studies.11-13 However, two of these studies reported
the RR much lower for both any painful comorbidity
(1.3 and 2.8) and having a prescription for an opioid
(1.5 and 3.0).12,13 Another study had a similar RR for
any painful comorbidity and presence of a prescrip-
tion for an opioid in both the privately insured and
Florida Medicaid population as in this study.11

Comparing excess healthcare cost of diagnosed
abusers in this study with two previous studies that
used an employer insurance database11,13 demon-
strates similar results when adjusting for the con-
sumer price index (CPI; www.bl.gov/cpi/). In this
study, when excess costs postindex are annualized,
the excess cost of diagnosed abusers is $20,752 in
2011. The excess cost of the 2005 and 2011 White 
et al. studies when adjusted for CPI is $18,622 and
$21,881, respectively. The majority of costs were
inpatient or outpatient related, and prescription
costs accounted for about one-fifth of total costs.
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This study was unique in that it evaluated comor-
bidities, HRU/costs, and prescription opioid use in
the 6 months before the diagnosis of abuse. Of
interest is that all endpoints evaluated in the 6-
month period before a diagnosis of opioid abuse
were also significantly greater for abusers compared
with nonabusers. This may be caused by ongoing
abuse, albeit undiagnosed, occurring within the
abuser cohort before a diagnosis is made. One study
indicated that among those admitted to a substance
treatment center, prescription opioid abuse pro-
gressed from recreational abuse (eg, undiagnosed)
to substance abuse treatment admission in an aver-
age time of ~19 months.18 This highlights the impor-
tance of identifying risks for abuse early.

Differences were observed in the RR for several
comorbidities between the preindex and postindex
periods. The significant increase in RR for postindex
nonopioid poisoning compared with the preindex may
be due to the recognition of abuse or the increased
severity of the disease. The significant decrease in RR
for psychiatric disorders, pancreatitis, and any pain
condition is of interest; however, it is unclear that the
diagnosis of abuse would explain this decrease.

Like previous studies that reported greater pre-
scription opioid use among abusers, we found that
75 percent of abusers had an opioid prescription
compared with 22 percent of nonabusers in the
postindex period. White et al. reported 66 percent
of diagnosed opioid abuse patients had a prescrip-
tion for an opioid compared with 20 percent of
matched controls in the privately insured database,
and 74 percent of diagnosed opioid abuse patients
had a prescription for an opioid compared with 30
percent of matched controls in the Florida Medicaid
database.11 The authors also found that SAO were
used by more patients than LAO for both of the
diagnosed abuse and matched control populations
evaluated.11 In Medicaid population study (MAX
files), 53 percent of abusers and 35 percent of
matched controls had at least one prescription claim
for an opioid.12 In this study, we also found that sig-
nificantly more abusers had a preindex prescription
opioid than nonabusers. Similar to White et al., we
found that SAO were used by more patients than
LAO. The predominant SAO used in the preindex
and postindex periods was hydrocodone, the most
prescribed opioid.19 Buprenorphine was the pre-
dominant LAO used in both the preindex and
postindex periods; this may be due to the use of
buprenorphine to treat opioid dependence.

Results of the present study must be viewed against
the limitations of the study. First, a potential exists for
misclassification of diagnosed abuse based on stan-
dard ICD-9-CM codes in healthcare claims data.
Secondly, ICD-9-CM codes do not allow for differenti-
ation between abuse of prescription opioids and
abuse of nonprescription (illicit) drugs. Third, the ICD-
9-CM codes rely on clinician recognition and training
in opioid abuse and addiction; the extent of this recog-
nition and training is not known. Fourth, it is possible
that undiagnosed abusers were included in the
nonabusers group. Fifth, the cost and comorbidity pro-
file described in this study is only for diagnosed abuse
patients and may underreport the total nonmedical use
of prescription opioids.

CONCLUSIONS

In the population studied, the overall prevalence of
diagnosed abuse more than doubled from 2005 to 2010
with the Northeast region experiencing the greatest
increase. Diagnosed abuse was more prevalent in
males, those aged 18 to 25 years, those with a comor-
bidity of pain, and those with an opioid prescription for
each year evaluated. In the most recent year evaluated,
diagnosed abusers were associated with significantly
greater HRU and costs compared with nonabusers
before and after the index date of diagnosed abuse (ie,
the preindex and postindex periods). The results from
this study affirm those of other studies that used similar
methodology but different databases.11-13
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INTRODUCTION

Increased opioid prescribing for the management
of chronic noncancer pain has been accompanied by
an increase in opioid abuse. A 2007 US government
survey found that 14 percent of adults engaged in
nonmedical use of pain relievers during their lifetime,
including nearly 2 percent who reported inappropri-
ate use of oxycodone.1 These data reflect abuse rates
among individuals who were prescribed analgesic
medications legitimately and those who obtained
them illegitimately. Given widespread abuse, it is not
surprising that many primary care physicians are

concerned about the risk of opioid abuse and lack
confidence in how to minimize that risk.2 For exam-
ple, it has been shown that implementation of a urine
drug monitoring protocol may decrease the rate of
substance abuse in opioid-treated patients by 50 per-
cent,3 yet the majority of physicians who prescribe
opioids do not routinely conduct urine drug monitor-
ing,4 and most prescribers have difficulty interpreting
urine drug monitoring results accurately.5

For prescribers, potential strategies to reduce pre-
scription opioid abuse include implementation of
the recommendations of clinical guidelines on the
use of opioids6-9; appropriate use of formulations
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designed with impediments to abuse; and compli-
ance with legislative and regulatory measures
addressing prescription drug abuse, such as the US
Food and Drug Administration (FDA) long-acting
opioid Risk Evaluation and Mitigation Strategies
(ERLA opioid REMS),10 Washington State Guidelines
on Opioid Dosing,11 and the Florida State Law on
Controlled Substance Prescribing.12 We compiled a
list of nine distinct strategies for minimizing abuse
and responding to aberrant drug-related behaviors:

1. conducting a thorough patient assessment
(history and physical);

2. assessment of the risk for substance abuse;

3. use of controlled-substance agreements;

4. selection of an appropriate opioid and careful
dose titration;

5. observance of an opioid dose ceiling for most
patients;

6. use of formulations designed with impedi-
ments to tampering;

7. compliance monitoring (eg, pill counts and
urine screening);

8. adherence to practice guidelines; and

9. compliance with regulatory and legal measures.

Given the prevalence of opioid prescribing and
opioid abuse, it is important to determine whether
the effectiveness of these recommended strategies is
substantiated by clinical outcomes research. We
performed a systematic review to identify and grade
the level of evidence of data in support of potential
strategies for minimizing abuse potential and
responding to aberrant drug-related behaviors in
opioid-treated patients.

SEARCH  METHODS

Strategy

Searches of PubMed under nine general headings
(detailed below) related to minimizing opioid abuse
risk and addressing aberrant drug-related behavior

were performed on January 18, 2013, for English lan-
guage clinical trials and practice guidelines published
in the past 5 years. Results obtained were reviewed to
identify citations relevant to assessing the effectiveness
of strategies for minimizing abuse risk and addressing
aberrant drug-related behavior. We consulted current
pain society guidelines from the United States and
Canada on opioid therapy for chronic noncancer pain,
which summarizes thorough literature reviews on
these topics, and we also reviewed the literature to
identify articles published more than 5 years ago.6,7

Individual  searches

Search 1, regarding patient assessment, used the
search terms, “initial examination OR initial screening
OR baseline screening OR initial medical assessment
OR medical history AND (opioid OR buprenorphine
OR codeine OR fentanyl OR hydrocodone OR hydro-
morphone OR morphine OR oxymorphone) AND
(abuse OR addict OR misuse OR dependence OR
overdose OR death OR fatal).” This search identified
74 citations, of which eight were found to be relevant.

Search 2, regarding risk assessment, used the
search terms, “current opioid misuse measure OR
opioid risk tool OR screener and opioid assessment
for patients with pain revised OR SOAPP-R OR risk
assessment tools OR risk of abuse AND (opioid OR
buprenorphine OR codeine OR fentanyl OR
hydrocodone OR hydromorphone OR morphine OR
oxymorphone) AND (abuse OR addict OR misuse
OR dependence OR overdose OR death OR fatal).”
This search identified 122 citations, of which eight
were found to be relevant.

Search 3, regarding controlled-substance agree-
ments, used the search terms, “contract OR agree-
ment AND (controlled substance OR opioid OR
buprenorphine OR codeine OR fentanyl OR
hydrocodone OR hydromorphone OR morphine OR
oxymorphone) AND (abuse OR addict OR misuse
OR dependence OR overdose OR death OR fatal).”
This search identified 31 citations, of which three
were found to be relevant.

Search 4, regarding dose titration, used the search
terms, “dose escalation OR dose titration OR increas-
ing dose AND (opioid OR buprenorphine OR
codeine OR fentanyl OR hydrocodone OR hydro-
morphone OR morphine OR oxymorphone) AND
(abuse OR addict OR misuse OR dependence OR
overdose OR death OR fatal).” This search identified
34 citations, of which one was found to be relevant.
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Search 5, regarding dose ceiling, used the search
terms, “opioid AND high dose AND abuse” and
identified 42 citations, of which five were found to
be relevant upon manual review.

Search 6, regarding formulations designed with
impediments to abuse, used the search terms,
“abuse deterrent OR abuse resistant OR crush resist-
ant OR tamper resistant OR opioid antagonist OR
naloxone OR naltrexone OR aversive OR aversion
OR niacin OR prodrug AND (opioid OR buprenor-
phine OR codeine OR fentanyl OR hydrocodone OR
hydromorphone OR morphine OR oxycodone OR
oxymorphone OR Acurox OR Embeda OR Remoxy
OR Oxecta OR Egalet OR Suboxone OR TQ-1015
OR COL-003) AND (abuse OR addict OR misuse OR
dependence OR overdose OR death OR fatal).” This
search identified 604 citations, of which six were
found to be relevant upon manual review.

Search 7, regarding compliance monitoring, used
the search terms, “urine testing OR urine screening
OR urine toxicology OR urine analysis OR urinalysis
AND (opioid) AND (abuse OR addict OR misuse OR
dependence OR overdose OR death OR fatal).” This
search identified 115 references, of which 12 were
found to be relevant.

Search 8, regarding compliance with clinical
guidelines, used the search terms, “treatment guide-
lines OR practice guidelines OR guideline adher-
ence OR protocol adherence OR guidance AND
(opioid OR buprenorphine OR codeine OR fentanyl
OR hydrocodone OR hydromorphone OR morphine
OR oxymorphone) AND (abuse OR addict OR mis-
use OR dependence OR overdose OR death OR
fatal).” This search identified 44 references, of
which two were found to be relevant.

Search 9, regarding legal and regulatory measures,
used the search terms, “legislation OR law OR regu-
lation OR regulatory OR prosecution OR penalty OR
‘risk evaluation and mitigation’ OR ERLA opioid
REMS AND (opioid OR buprenorphine OR codeine
OR fentanyl OR hydrocodone OR hydromorphone
OR morphine OR oxymorphone) AND (abuse OR
addict OR misuse OR dependence OR overdose OR
death OR fatal).” This search identified 111 refer-
ences, of which five were found to be relevant.

Levels  of  evidence

The articles identified using this search strategy
were graded on a scale adapted from the Oxford
Centre for Evidence-Based Medicine (CEBM) Levels

of Evidence (Table 1).13 Articles with level 1 (strong)
evidence include systematic reviews of randomized,
controlled clinical trials (RCTs) and individual RCTs
with a narrow confidence interval; level 2 (moderate
to strong) evidence includes systematic reviews of
cohort studies, individual cohort studies, and low-
quality RCTs. Level 3 (weak to moderate) evidence
includes systematic reviews of case-control studies
and individual case control studies, and level 4
(weak; incorporating CEBM levels 4 and 5) evi-
dence includes case series and expert opinion with-
out an explicit critical appraisal, or statements based
on physiology, bench research, or first principles.

ABERRANT  DRUG-RRELATED  BEHAVIOR  DEFINED

Aberrant drug-related behaviors include any
behavior that suggests nonmedical use of a drug
and/or addiction.14-16 Common opioid-related aber-
rant drug-related behaviors typically fall within sev-
eral categories, as summarized in Table 2. These cat-
egories include efforts to obtain opioids for misuse
from sources other than the patient’s doctor.
Research has shown that many patients steal or are
given opioids by family members or friends with
legitimate prescriptions19 and that opioids are also
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Table 1. Levels of evidence13*

Level of
evidence

Type of evidence
Quality

designation

1 SR of RCTS Strong

RCT with narrow CI

2 SR of cohort studies Moderate to strong

Cohort study

Low-quality RCT

3 SR of case control studies Weak to moderate

Case control study

4 Case series Weak

Bench research

Expert opinion

*Level 4 included Oxford Center for Evidence-Based
Medicine levels 4 and 5. CI, confidence interval; RCT, 
randomized controlled trial; and SR, systematic review.



often diverted or stolen from pharmacies, medical
practices, drugmakers, and addiction treatment cen-
ters.20 Patients may also attempt to obtain opioids by
asking for frequent dosage increases or complaining
of lost prescriptions. Evidence that a patient is not
taking his prescribed opioid is also an aberrant

drug-related behavior, potentially indicating that the
patient is diverting the opioid.14

STRATEGIES  TO  PREVENT  AND  IDENTIFY  ABERRANT
DRUG-RRELATED  BEHAVIORS

Our review of the literature evaluated nine basic
strategies for preventing and identifying aberrant
drug-related behaviors (Table 3). Levels of evidence
for these strategies are presented below.

Patient  assessment

Guidelines published in the United States7,9 and
Canada6 recommend a thorough medical history
and physical examination to establish the pain diag-
nosis, assess general medical condition and psychi-
atric status, and prior history of abuse. These recom-
mendations are based on weak to moderate
evidence that the strongest risk factors for current
abuse are a history of abuse and psychiatric condi-
tions.

As noted in US guidelines, a well-established and
documented diagnosis of pain is essential before
initiating opioid therapy. Factors to consider include
the cause and severity of pain, its effects on function
and quality of life, and prior treatment with opioids
or nonopioid analgesics. These considerations are
part of the risk versus benefit assessment regarding
therapeutic choices which may indicate that, on bal-
ance, opioid therapy may not be appropriate for a
given patient.7

Level 2 evidence suggests that patients with a his-
tory of substance abuse have a higher risk of current
abuse21-25 and that the majority of opioid abusers
also have a history of abusing nonopioid substances,
such as alcohol, nicotine, and other legal and illegal
drugs.26-28 Level 2 evidence suggests that it is impor-
tant to identify psychiatric conditions known to be
frequently comorbid with substance abuse, such as
depression, anxiety, bipolar disorder, and posttrau-
matic stress disorder.21,22,26-30 Several personality dis-
orders (PDs) have also been associated with risk of
substance abuse, including conduct disorder in ado-
lescence, schizotypal PD, passive-aggressive PD,
and borderline PD.30 Level 2 evidence also suggests
that a history of physical or sexual abuse is associ-
ated with an increased risk of substance abuse,31

and that individuals who have contemplated or
attempted suicide are also at increased risk.28

In a study of 1,408 patients treated for opioid 
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Table 2. Common aberrant behaviors16-18

Altering route of delivery

Crushing tablet to facilitate rapid release from tablet 
Extraction in fluid for injection

Obtaining opioids from other sources

Diverted medicine 
Doctor shopping
Stealing from another patient’s prescription
Borrowing drugs from another patient
Obtaining from nonmedical sources (eg, dealers)

Unsanctioned use

Taking more or less than the prescribed dose
Unauthorized dose escalations
Bingeing
Removing all or part of a supervised dose from the 

dosing site
Stockpiling

Drug seeking

Patient requests for higher doses
Recurrent prescription losses
Repeated requests for faxed prescriptions or fit-in 

appointments
Claims that nothing else works
Requests for specific drugs or brands
Prescription forgery

Patient statements

Acknowledgment of addiction
Admission of mood-elevating opioid effects
Acknowledgment of withdrawal symptoms
Resistance to changing therapy despite evidence of
physical or psychological problem

Other behaviors

Concurrent use of other legal and/or illicit drugs
Selling or diversion
Missed prescriber appointments
Evidence of functional deterioration



abuse, two thirds of women and a little more than
half of men had been treated for a psychiatric disor-
der (eg, depression, anxiety, and bipolar disorder)
within the prior 12 months.26 Depression,32 anxiety
disorders,33 and bipolar disorder34 are among the

psychiatric diagnoses that may be neglected in the
primary care setting, which means that abuse risk in
the subset of these patients for whom opioids may
be indicated may be underestimated.

Reassessment of risk during treatment.
Guidelines for safe, effective opioid use recommend
that regular reassessments should be conducted to
identify evidence of behavioral or physical changes
that may result from therapy, but again, this recom-
mendation is supported by weak evidence.6,7,9

Aberrant drug-related behaviors such as those out-
lined in Table 2 may emerge with continued treat-
ment, and persistent use and/or withdrawal symp-
toms may mean that the patient has become
dependent on their opioid.16-18 Level 4 evidence
suggests that clinicians should also regularly
reassess the painful condition and document find-
ings. Requests for increased opioid doses may
reflect drug seeking, but it may also signal an
increase in pain due to progression of the painful
condition. Inadequate pain relief can precipitate
behaviors described earlier: requests for more med-
ication, attempts to obtain medication from other
sources, taking doses higher than those prescribed
and then running out.14 As stated earlier,35 level 4
evidence suggests that abuse risk changes over
time, making repeat assessments an appropriate
precaution, although the value of reassessment for
preventing aberrant drug-related behaviors has not
been demonstrated.

Risk  assessment

Assessment at initiation of opioid therapy.
There are currently several validated screening tools
for assessment of pretreatment opioid abuse risk,
including the Current Opioid Misuse Measure
(COMM),36 Opioid Risk Tool (ORT),37 Screener and
Opioid Assessment for Patients with Pain—Revised
(SOAPP-R),38 and Prescription Drug Use Question-
naire.39 However, as stated in US and Canadian guide-
lines, only weak evidence supports the utility of these
instruments for identifying patients at risk of opioid
abuse.40

Level 2 evidence suggests that risk factors
included in screening tools vary between popula-
tions in ways that the screening tools do not pick
up. For example, in a survey of older patients (n �
163) with chronic pain (level 2 evidence),41 risk fac-
tors for abuse included higher pain severity, lower
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Table 3. Identifying and preventing aberrant 
drug-related behaviors

Risk-reduction strategy
Level of
evidence

Patient assessment

Medical history and examination to determine
legitimate analgesic needs prior to treatment

2

Assessment for psychiatric comorbidity 2

Reassessment of analgesic needs and psychi-
atric comorbidities during treatment

4

Assessment of abuse risk

Validated screening tools (COMM, SOAPP-R,
and ORT) to identify current or past drug
abuse or heightened risk of abuse

4

Treatment agreement/contract

Define appropriate opioid use Lack of
evidence

Establish compliance monitoring protocols Lack of
evidence

Agree on steps to be taken in response to
signs of opioid misuse

Lack of
evidence

Opioid selection and titration

Start with low-potency opioids 2-3

Use long-acting formulations 4

Start with a low dose and titrate slowly 4

Observe a dose ceiling for most patients 1-2

Use tamper-resistant opioid formulations 1-4

Compliance monitoring, including

Urine drug screening 2-4

Pill and patch counts 2-4

Feedback from pharmacies or caregivers 2-4

Continuous physician-patient communication 2-4

Adherence with treatment guidelines
Lack of
evidence

Compliance with regulatory and legal measures Lack of
evidence

COMM, Current Opioid Misuse Measure; ORT, Opioid Risk
Tool; and SOAPP-R, Screener and Opioid Assessment for
Patients with Pain–Revised.



disability scores, and depression. Problems with
alcohol were not associated with increased risk.
Risk factors such as alcohol are included in screen-
ing tools such as the SOAPP-R and ORT, but vari-
ability of risk according to age is not addressed in
these assessments.6

Level 2 evidence suggests that there are also sex-
specific factors that modify the importance of specific
risk factors addressed in available screening tools. In
an analysis of 29,906 patient assessments at 220 addic-
tion treatment centers (level 2 evidence), men were
more likely than women to abuse opioids at age 
�54 years; be manual laborers; have a history of
incarceration; drink to intoxication >3 times weekly;
or use marijuana, heroin, hallucinogens, or more than
one substance. Women were more likely than men to
live with children; be professionals or in manage-
ment; use benzodiazepines or amphetamines; have
medical or psychiatric problems; or have a history of
suicide attempts, depression, anxiety, or emotional,
physical, or sexual abuse.22 As with age, assessment
tools such as the COMM or SOAPP-R do not capture
sex-related differences for specific risk factors.

Level 4 evidence suggests that additional risk fac-
tors such as legal problems, a history of victimiza-
tion, mental and physical health status, and geo-
graphic location are risk factors that are not
captured in standard screeners and may be subject
to change over time.35 Level 4 evidence also sug-
gests that a majority of clinicians will comply with
implementation of a uniform protocol for assessing
abuse risk at the beginning of treatment, provided
that the assessment tools are concise, are clinically
relevant, and suit the time constraints of practice.42

Controlled-ssubstance  agreements

United States guidelines7,9,40 fall short of recom-
mending a controlled-substance agreement. However,
they do cite level 4 evidence (expert opinion) that a
controlled-substance agreement may help clarify the
treatment plan with the patient, patient’s family, and
other clinicians involved in the patient’s care. Level 4
evidence suggests that controlled-substance agree-
ments may contain stipulations that patients may only
get opioids from one pharmacy and fill prescriptions at
one pharmacy, more frequent prescribing of smaller
amounts of opioids, compliance monitoring protocols,
and a list of aberrant drug-related behaviors that may
prompt discontinuation of therapy. Canadian6 guide-
lines recommend that physicians and patients should

enter into a controlled-substance agreement, citing
weak evidence from several small trials but no ran-
domized controlled trials. Level 1 evidence suggests
that clinicians instructed in the use of controlled-sub-
stance agreements will use them15 and that identifica-
tion of aberrant drug-related behaviors may lead to
discontinuation of the agreement.39,43 However, evi-
dence is lacking that these agreements reduce the fre-
quency of aberrant drug-related behavior.

Level 2 evidence from a survey of 84 physician/
patient pairs found that most clinicians entered into
controlled-substance agreements with only a minor-
ity of their patients who were prescribed opioids, and
that physicians were more likely to do so if the
patient was considered to be at high risk of substance
abuse. Approximately 40 percent of patients whose
physicians reported they had a controlled-substance
agreement in place reported that they were unaware
of it; roughly one third of patients reported uncer-
tainty about having a controlled-substance agree-
ment in place regardless of whether their physician
reported that one was in place.44 Hence, the value of
these agreements may be limited by a lack of com-
munication and consistency in their use.

Initial  opioid  selection  and  dose  titration

First-line opioids. Canadian guidelines suggest
that opioid therapy should start with a lower
potency opioid, such as codeine or tramadol, which
have been shown in some studies to have lower
attractiveness for abuse and lower rates of abuse rel-
ative to the frequency with which they are pre-
scribed compared with oxycodone, hydromor-
phone, and hydrocodone (level 2-3 evidence).6

United States guidelines say little about individual
selection of opioids.7,9 In the United States, hydro-
codone is both the most commonly prescribed first-
line opioid and the most commonly abused opioid;
however, it should be noted that although the total
quantity of hydrocodone abused is large compared
with other opioids, the proportion of all hydro-
codone prescriptions that are diverted to abuse is
low (level 2 evidence).45

High potency opioids. When low potency
opioids prove ineffective, Canadian guidelines rec-
ommend a trial of a high-potency opioid, such as
morphine, hydromorphone, oxycodone, or oxy-
morphone.6 The Canadian guidelines cite level 2
evidence that oxycodone, hydromorphone, and
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perhaps hydrocodone have greater abuse liability
compared with morphine, based on data from a
large US population health surveillance database.
They also cite level 1 evidence that oxycodone has
more positive subjective effects compared with
equianalgesic doses of morphine and level 2 evi-
dence that oxycodone, hydromorphone, and hydro-
codone have similar abuse liability.6

United States guidelines state that there is insuffi-
cient evidence to prefer the use of a long-acting formu-
lation over a short-acting formulation for chronic pain
on the basis of efficacy or safety considerations.7,9

However, Canadian guidelines recommend that older
patients be prescribed long-acting opioids for reasons
of treatment compliance and because these have more
stable pharmacokinetics and pharmacodynamics, cit-
ing only level 4 evidence (expert opinion).6 With
respect to mitigating the risk of opioid abuse, it must
be remembered that extended-release (ER) formula-
tions contain larger amounts of opioid compared with
immediate-release (IR) formulations, potentially mak-
ing them attractive for abusers who tamper with tablets
by crushing them to accelerate oral release or facilitate
intranasal use, or by dissolving them in a liquid to cre-
ate a solution for intravenous abuse.46

Dose titration. Guidelines recommend that opi-
oid treatment should begin as a time-limited trial
with a small initial dose that is titrated slowly.
Canadian guidelines recommend initial dosages
equivalent to 5-10 mg of morphine four times daily,
with incremental increases of 5-10 mg/wk. The pre-
ferred dose will result in a �2-point reduction in
subjective pain rating on a 10-point scale and/or a
similar improvement in function.

Level 4 evidence suggests that this method of
slow, gradual titration might prevent administration
of unnecessarily high opioid doses.6 During titra-
tion, opioids should be prescribed in small amounts
(eg, weekly rather than monthly) to allow the clini-
cians to gauge response with each increase and
watch for signs of aberrant drug-related behavior.47

Although this is intuitive, a single 135-patient
study of veterans prescribed opioids for chronic
pain found no difference in the occurrence of aber-
rant drug-related behaviors between patients held
on a stable dose and those using a more liberal
dose-escalation strategy (level 1 evidence).48 The
present literature search found no published data
supporting the value of slow, gradual titration as a
means of preventing misuse.

Dose  ceiling

Both 2009 US7 and 2011 Canadian6 guidelines
state that doses above a morphine-equivalent
(MED) 200 mg/d are considered high, with the
Canadian guidelines surpassing the US guidelines
by stating that the 200-mg MED should be the ceil-
ing dose for most patients. Subsequent guidelines
published in 2012 by the American Society of
Interventional Pain Physicians (ASIPP) state that
daily MED doses >90 mg are to be considered
high.49 MED conversions for available opioids 
can be calculated using several online resources,
including the Practical Pain Management  Opioid
Calculator,50 the GlobalRPh calculator,51 and 
the Johns Hopkins Opioid Conversion Program cal-
culator.52

A systematic review (level 2 evidence) of 62 trials
of high-potency opioids presented in the most
recent Canadian guidelines found that for most
patients, the preferred dose was well below 200-
mg/d MED.6 Doses above 200 mg/d are considered
high-dose therapy in both US7 and Canadian6 guide-
lines for the use of opioids. The Canadian guide-
lines recommend careful reassessment of patients
approaching this “watchful dose.”47 As stated, the
most recent US guidelines set the threshold for high-
dose therapy much lower, at >90 mg/d MED.49

This is consistent with level 1 evidence that
higher doses have been associated with an in-
creased risk of overdose and mortality.53-56 In
response to this increase, the state of Washington
imposed a 120-mg/d MED ceiling on opioid pre-
scriptions.11 Level 2 evidence demonstrated that
imposition of this ceiling was accompanied by a 50
percent reduction opioid-related mortality in the
state.57

Formulations  designed  with  impediments  to  abuse

Patients who abuse ER opioids may manipulate
them to accelerate opioid release from ingestion
(eg, by chewing) or to alter the route of delivery to
increase the rate of release from the tablet, which
typically involves crushing of the tablet for insuffla-
tion or dissolving it in a solvent for intravenous use
(level 3 evidence).46 Rapid onset of effect is an
important factor increasing the attractiveness of an
opioid for abuse (level 3 evidence).58 Increasingly,
ER opioids are being reformulated to incorporate
physical or chemical impediments to these types of
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tampering (Table 4). Oxycodone CR,60 oxymor-
phone ER,61 and tapentadol ER are each formulated
with hardened matrices designed to resist crushing
and to turn into a viscous gel when immersed in flu-
ids, making it difficult to either snort or inject the
product. A formulation of oxycodone IR with poten-
tially aversive ingredients is designed to cause
mucosal irritation if the product is insufflated; how-
ever, the prescribing information does not disclose
which ingredient(s) cause the aversive effects.62

Morphine ER with sequestered naltrexone is
designed so that its opioid effects will be neutralized
by naltrexone if it is crushed.63-65 This product was
approved and then withdrawn from the market
owing to issues related to the stability of the formu-
lation.66 These formulations are not discussed in
current guidelines, which were published before
any of these formulations received clinical approval
or had data supporting their value for preventing
abuse. However, early evidence of level 1-4 quality
suggests that these formulations may be less easily
tampered with and therefore less attractive for
abuse than older formulations.

The value of reformulated oxycodone CR, the first
tamper-resistant formulation to reach the market,
consists of a level 1 randomized, placebo-controlled
trial67 and level 2 postmarketing data.60,68,69 In 19
healthy recreational drug users,67 reformulated oxy-
codone CR was associated with lower drug-liking
scores compared with oxycodone IR. Oxycodone CR
had to be administered at twice the dose to achieve
drug-liking scores similar to oxycodone IR. Oxy-
codone CR and oxycodone IR produced similar drug-
liking scores when the tamper-resistance mechanism
was defeated by crushing the tablet.

An analysis of data from the National Addictions
Vigilance Interventions and Prevention Program
(NAVIPPRO) surveillance network on 140,496
patients entering substance abuse treatment found

that oxycodone CR abuse declined by 30 percent
during the 20 months after introduction of the refor-
mulated tablet. Reductions in the proportion of oxy-
codone CR abusers who did so by smoking, insuf-
flating, or injecting declined by approximately
one-third to one half.68 However, during the period
that abuse of oxycodone CR declined, the abuse of
oxymorphone ER and buprenorphine increased,
suggesting that prescription opioid abusers switched
to products that were easier to abuse.68 Similarly, a
survey of 2,566 opioid-dependent patients entering
treatment facilities found that a decrease in oxy-
codone CR abuse after its reformulation was paral-
leled by an increase in abuse of prescription opioids
not formulated to resist tampering and in abuse of
heroin (level 2 evidence).70

Level 4 evidence, consisting of bench top labora-
tory experiments and expert opinion, supports the
value of reformulated oxymorphone ER61 for deter-
ring tampering. In laboratory experiments, oxymor-
phone ER tablets could not be crushed with profes-
sional pill crushers or a hammer and could not be
successfully dissolved in a variety of solvents.61 In
two studies enrolling experienced recreational drug
abusers, participants attempted to crush or dissolve
oxymorphone ER tablets using implements and sol-
vents of their choice but were not allowed to con-
sume any drug.71 Less than 10 percent of participants
obtained particles they would be willing to snort,
while efforts to dissolve the tablets yielded <2 per-
cent of active drug in an injectable form. Seventy-
two percent of participants stated they would pay
less for reformulated oxymorphone ER compared
with the previous oxymorphone ER tablet, and 28
percent stated they would pay nothing for it.71

The abuse liability of oxycodone IR with potentially
aversive ingredients was evaluated in a randomized,
controlled trial (level 1 evidence) in which 40 experi-
enced recreational drug abusers attempted to crush
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Table 4. Currently available opioids with tamper-resistant features59

Formulation Tamper-resistance strategy

OxyContin® (oxycodone controlled release) Matrix resists crushing
Forms a viscous gel on dissolution that is difficult to inject

Opana® ER (oxymorphone extended release)

Nucynta® ER (tapentadol extended release)

Embeda® (morphine/naltrexone controlled release) Sequestered antagonist is released if the product is crushed or dissolved,
neutralizing opioid effects

Oxecta® (oxycodone immediate release) Aversive ingredients cause mucosal irritation if the product is crushed and
abused intranasally



oxycodone IR with aversive ingredients and conven-
tional oxycodone IR tablets and then insufflate the
tampered tablets.72 Subjects gave the oxycodone IR
with aversive ingredients lower scores for drug liking
and willingness to use it again compared with the stan-
dard oxycodone IR tablet. Subjects who attempted to
insufflate the powder from the crushed oxycodone IR
with aversive ingredients experienced nasal burning
and discomfort, and more than 50 percent could not
completely insufflate the entire contents of a tablet.
Although not mentioned in this study, the inability to
snort to the entire contents could be related partly to
the mass of the 11-mm diameter oxycodone IR tablet
with aversive ingredients compared with the common
6-mm diameter oxycodone IR tablets without aversive
ingredients. Approximately 30 percent of subjects said
they would not be willing to use oxycodone IR with
aversive ingredients again, whereas only 5 percent
stated they would not use oxycodone IR again.

Although not currently available, the potential
abuse-deterrence of morphine ER with sequestered
naltrexone is supported by level 1 evidence. In an RCT
conducted in a controlled environment, experienced
opioid abusers assigned lower drug-liking scores and
reported feeling less high after receiving intravenous
morphine plus naltrexone compared with intravenous
morphine without naltrexone.64,65 Conversely, a level 1
study of oxycodone combined with low-dose naltrex-
one was not associated with reduced abuse potential
compared with oxycodone alone.73

Collectively, it would appear that data support the
potential for tamper-resistant opioids to have a mean-
ingful positive effect on the problem of opioid abuse.
However, the evidence also suggests that the introduc-
tion of tamper-resistant opioids has been followed by
abusers switching to prescription opioids that are more
easily abused, as well as potentially more dangerous
substances, such as heroin.70 It would be speculative to
consider whether requiring all opioids to have tamper-
resistant formulations would substantially reduce opi-
oid abuse or be accompanied by increased misuse of
illegal opioids, which may be more dangerous.

Compliance  monitoring

Urine screening is perhaps the most objective tool
for monitoring and documenting treatment compli-
ance (level 4 evidence). Other compliance monitor-
ing tools include pill and patch counts, feedback
from pharmacy and caregivers, prescription drug
monitoring programs (PDMPs) established by US

states, and regular physician-patient interaction as a
means of follow-up, referral, and discharge.

United States guidelines published jointly by the
American Pain Society and American Academy of
Pain Medicine in 2009 reported that there is no reli-
able evidence to support the efficacy of any of these
monitoring techniques for detecting, preventing, or
modifying aberrant opioid-related behaviors.7

However, the subsequent ASIPP guidelines state
that the evidence for compliance monitoring is
good.9 The Canadian guidelines cite a prospective
100-subject study in which urine drug screening
identified substance abuse in 16 percent of opioid-
treated patients, and a subsequent study of the same
population in which a monitoring protocol that
combined urine screening with pill counts, treat-
ment agreements, and patient education reduced
substance abuse by 50 percent (level 1 evidence).6

Level 2 evidence suggests that urine screening will
identify opioids in many patients with chronic
pain74,75 and distinguish between overuse and
underuse.76-78 However, a systematic review (level 1
evidence) determined that there is relatively weak
evidence to support the usefulness of urine drug
screening conducted in conjunction with a con-
trolled-substance agreement for reducing the occur-
rence of opioid misuse.79 In other words, evidence
is stronger that screening identifies misuse than that
it prevents or modifies misuse.

Results from a survey of 99 physicians (level 2
evidence) indicated that the majority had a poor
understanding of how to interpret urine drug
screening results, but that a majority also felt confi-
dent about interpreting results; indeed, among male
respondents there was an inverse relationship
between competence and confidence in one’s inter-
pretation skills.80 This suggests not only that physi-
cians lack the expertise to conduct urine testing but
also that many physicians lack self awareness that a
knowledge gap exists. Recognizing the lack of
guidelines for urine drug monitoring, an interna-
tional panel convened to formulate recommenda-
tions about how to effectively monitor patients.81

State-run PDMPs have been implemented to track
patient prescriptions of opioids and other abusable
substances, allowing physicians to monitor prior
efforts to obtain opioids and prior use. In 2004, the
US General Accounting Office noted (level 4 evi-
dence) that the 15 PDMPs implemented as of 2002
differed in their purposes and methodologies, but
that these programs appeared to deter diversion and

127Journal of Opioid Management 10:2 March/April 2014



aid law enforcement in its response to diversion.82

Level 2 data suggest that these programs may
reduce the occurrence of doctor shopping, diver-
sion, and opioid-related morbidity.82-84 An analysis
of data from the Researched, Abuse, Diversion, and
Addiction-Related Surveillance System revealed that
poison center treatment incidents increased by an
average of 0.2 percent quarterly in the 44 states
where PDMPs have been implemented, compared
with an 1.9 percent increase in states without
PDMPs. Opioid-related treatment admissions
increased by an average of 2.6 percent in states with
a PDMP, compared with 4.9 percent in states with-
out a PDMP.84 A survey of 1,385 prescribers indi-
cated that physicians are more likely to use PDMPs
with online access than those requiring use of the
telephone, e-mail, or fax, and that use of PDMPs
fosters increased awareness of suspicious opioid-
related behaviors.83

Compliance  with  pain  management  guidelines

Does compliance with clinical guidelines
mitigate risk of opioid abuse? Although current
US7,9 and Canadian6 guidelines include recommen-
dations for a multimodal approach to pain manage-
ment and the use of compliance monitoring (eg,
urine toxicology), there have been few publications
on the impact of these strategies on reducing the
frequency of aberrant drug-related behaviors. A lit-
erature search for articles evaluating the effects of
multimodal therapy on the risk of opioid abuse and
the frequency of aberrant drug-related behaviors
identified no articles. Level 3 evidence suggests that
many clinicians do not routinely perform appropri-
ate compliance monitoring in opioid-treated
patients to assess whether the opioids are being
taken as prescribed or to look for evidence of recre-
ational drug use.4,85

A 2011 study (level 1 evidence) of physicians
treating 1,487 patients with moderate to severe
chronic pain at 281 primary care treatment centers
evaluated physician compliance with pain manage-
ment guidelines through patient assessment and
regular reassessment, controlled-substance agree-
ments, validated risk-screening tools, and three
compliance monitoring techniques: cards for
obtaining/tracking prescriptions, pill counts, and
urine drug screening.15 The investigators reported a
rate of compliance of only 48 percent (64 percent of
physicians complied with the protocol in 75 percent

of patients). The screening protocol identified 47
percent of patients as having low risk, 52 percent
moderate risk, and 1 percent high risk for opioid
misuse. However, during the 4-month follow-up
period, many patients with evidence of aberrant
drug-related behaviors were improperly categorized
as being low risk. These data suggest that clinicians
may lack adequate understanding of how to inter-
pret compliance-monitoring results or may not
appreciate the relevance of abnormal findings to
opioid abuse. For example, did the clinicians con-
sider any recreational drug use (eg, urine positive
for cocaine) to be aberrant drug-related behavior for
a patient prescribed opioids for chronic pain and
not exclusively misuse of opioids?

Guideline recommendations on responding
to aberrant drug-related behaviors. Patients
exhibiting signs of misuse or a high risk of abuse
may be classified in 1 of 4 categories17: 1) patients
with a high risk of addiction (eg, history); 2) patients
with suspected opioid misuse of intact tablets
obtained from a physician, without addiction or
abuse of other substances; 3) patients who are sus-
pected of misusing opioids obtained from nonmed-
ical sources, tampering with opioid tablets, and/or
being addicted to or misusing other substances; and
4) patients with current opioid addiction (level 4
evidence). Responses to aberrant drug-related
behaviors suggestive of abuse in patients in these
categories are listed in Table 5.

United States and Canadian guidelines recom-
mend that for patients assessed to have an elevated
risk of addiction or misuse, prescribing precautions
may include small quantities dispensed at short
intervals, avoiding popular drugs of abuse, perform-
ing frequent urine testing and pill counts,6,7 and
level 4 evidence suggests consideration of a tamper-
resistant opioid.14,86 Guidelines cite weak-to-moder-
ate evidence to recommend that patients with sus-
pected opioid misuse should be administered
opioids in a structured trial that includes avoidance
of short-acting or parenteral formulations and even
more frequent dispensing and monitoring; patients
who fail a structured opioid trial, tamper with their
opioid, are addicted to other substances, and/or
acquire opioids from illegal sources may require
referral to a specialty pain clinic for a structured trial
of methadone or buprenorphine and formal addic-
tion counseling; patients with current addiction 
to opioids or other legal or illegal drugs warrants
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discontinuation of opioid therapy, often accomplished
with a trial of methadone or buprenophrine.6,7,14

Level 2 evidence suggests that the structured opi-
oid trial may resolve aberrant drug-related behav-
iors in some patients. For example, a retrospective
chart review examined outcomes in 195 patients
exhibiting aberrant drug-related behaviors who
were referred to a specialized “Opioid Renewal
Clinic” for structured therapy that included frequent
visits, heightened monitoring, adherence to a treat-
ment agreement, opioids prescribed in small
amounts, counseling, and education. At 1 year, 89
(45.6 percent) patients resolved their aberrant drug-
related behaviors, whereas 106 (54.4 percent) were
discharged from the program. Reasons for program
discharge included persistence of aberrant drug-
related behaviors and unwillingness to accept refer-
ral for addiction treatment (n � 61; 31.3 percent),
acceptance of addiction treatment (n � 20; 10.2 per-
cent), and inability to follow the structured protocol
(n � 25; 12.8 percent).87 These results suggest that
structured opioid therapy was useful for improving
treatment compliance in patients identified to have

aberrant drug-related behaviors and to identify
patients whose risk of misuse was of such concern
that opioid therapy was discontinued.

The value of methadone and buprenorphine for
patients who are abusing or addicted to opioids has
been documented and deserves discussion. Metha-
done is a pure opioid that has been around for
decades and is considered effective as an analgesic
(level 4 evidence)88 and for opioid detoxification
(level 1 evidence).89 However, abuse of methadone
can occur even with the strict supervision usually
maintained in specialized clinics (eg, by taking sev-
eral-days dose at once or obtaining extra doses ille-
gally), leading to a high rate of methadone overdose
deaths (level 2 evidence).90

Buprenorphine has proven effective as an anal-
gesic in patients with chronic pain (level 1 evi-
dence),91,92 and formulations combining buprenor-
phine with naloxone have shown reduced abuse
liability compared with buprenorphine (level 1 evi-
dence).93,94 Buprenorphine/naloxone has shown
good efficacy for patients undergoing opioid detox-
ification (level 1 evidence).95-97 Of the two agents,
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Table 5. Response to aberrant opioid-related behaviors

Patient category Management

High risk of addiction or misuse 
(eg, based on past history or screening 
assessments)

Use opioids only if first-line treatments fail

Consider a tamper-resistant formulation

Prescribe small amounts

Perform frequent urine drug screening

Avoid popular drugs of abuse (eg, oxycodone and hydromorphone)

Suspected opioid misuse and Trial of structured opioid therapy

Organic pain requiring opioid therapy
Family physician is only source of 

opioids
Does not inject or crush tablets
Not currently addicted to other drugs

Dispense frequently (daily, alternate days, or twice per week) 
Regular urine drug screening (1-4 times/mo) 
Regular pill or patch counts
Consider tamper-resistant controlled-release preparations
Avoid parenteral use and short-acting agents
Consider switching to a different opioid, avoiding popular drugs of abuse

Suspected opioid misuse and Methadone or buprenorphine treatment

Fails a structured opioid trial
Snorts or injects tablets
Is addicted to other drugs
Acquires opioids from other sources

Institute daily supervised dispensing
Select a tamper-resistant formulation
Gradually introduce take-home doses
Frequent random urine drug screening
Provide counseling and medical care

Currently addicted to other drugs 
(eg, alcohol)

Avoid opioid therapy except in conjunction with coordinated, formal addiction
treatment plan (methadone or buprenorphine)



buprenorphine appears to be associated with more
rapid resolution of withdrawal symptoms and a
higher rate of complete opioid withdrawal,97 with
less risk of abuse. In a survey of opioid abusers,
buprenorphine was abused by approximately 
20 percent of opioid abusers for whom it was pre-
scribed, which is less frequent than the correspon-
ding rate for methadone.95

Legal  and  regulatory  measures

The US FDA has mandated an ER and long-acting
(LA) opioid analgesics risk evaluation and mitiga-
tion strategy (ERLA opioid REMS) to be funded and
developed by pharmaceutical companies, which
includes a medication guide for the opioid and
patient education materials to be made available
through prescribers. The impact of ERLA opioid
REMS on opioid abuse risk has not been measured.
However, an FDA advisory committee asked to
comment on their value offered several criticisms
(level 4 evidence).98 Committee members noted that
medication guides are not likely to have a major
impact on abuse rates because many drug compa-
nies already routinely offer medication guides and
most physicians know the risks associated with opi-
oids. Additional mandatory physician education is
not required as part of an ERLA opioid REMS. It was
observed that opioids are not abused primarily by
people who obtain them via prescription, and that
implementation of ERLA opioid REMS is unlikely to
reduce abuse by individuals who obtain their opioid
from a relative, friend, or other source. On the basis
of these limitations, the advisory committee con-
cluded that ERLA opioid REMS as currently con-
ceived are unlikely to significantly reduce abuse.
Recommendations for improving them included
mandatory prescriber training, use of tamper-resist-
ant prescription pads, and the development of
prospective methods for obtaining data about opi-
oid abuse.

Physician surveys (level 4 evidence) suggest that
the ERLA opioid REMS may improve patient educa-
tion and help reduce abuse but may also place
demands on physicians that make them less likely
to prescribe opioids.99,100 For example, in a survey
of physicians who currently prescribe opioids
(level 4 evidence),100 nearly half stated that they
would discontinue prescribing a specific opioid if
doing so meant they were required to provide
patient education about it. Forty-four percent stated

they would discontinue prescribing that same opi-
oid if it meant they would be required to enroll in a
2-hour training session about it. These results sug-
gest that imposition of even modest requirements
on physicians may serve as more of a deterrent to
legitimate prescribing than it would be to patient
abuse.

In absence of federal prescribing regulations to
curb abuse, individual US states have begun enact-
ing legislation to restrict opioid prescribing. For
example, Washington state has limited the allow-
able MED to �120 mg/d.11 Florida has passed legis-
lation setting standards of practice for opioid pre-
scribers and placing penalties, some of them
criminal, on physicians and pharmacists who inap-
propriately prescribe opioids.12 Under the Florida
law, law enforcement officials would be able to
access prescribing records without a warrant. As
with ERLA opioid REMS, it would seem possible that
the proposed legal penalties might do more to limit
willingness to prescribe opioids legitimately than to
curb abuse and that abuse among individuals who
do not obtain opioids by prescription would be
unaffected. Level 2 evidence shows that the imposi-
tion of an opioid dose ceiling in Washington state
was followed by a 50 percent reduction in opioid-
related mortality.57 This decline in mortality was
associated with more than a one-third reduction in
the total number of opioid prescriptions.

CONCLUSIONS

Given the recognized growth in prescription opi-
oid abuse, physicians prescribing opioids for legiti-
mate chronic pain indications for which chronic
opioid therapy may be an appropriate option need
to prevent, detect, and manage aberrant drug-
related behaviors that may indicate opioid misuse
and abuse. Guidelines for the use of opioids state
that minimizing the risk of opioid abuse requires
clearly defined treatment plans and expectations
about the course of treatment, careful opioid selec-
tion and titration, regular compliance monitoring,
and a prespecified protocol for addressing signs of
opioid misuse. Guidelines also state that use of a
multimodal therapeutic approach that includes
counseling, physical rehabilitation, relaxation tech-
niques, and lifestyle modification may allow for
reduced opioid consumption or opioid discontinua-
tion for patients deemed to be at high risk of abus-
ing their medication. The quality of evidence used
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to support previously published guideline recom-
mendations is generally weak or moderate and has
not been supported by additional high-level evi-
dence since their publications. However, the cumu-
lative weight of evidence suggests that routine mon-
itoring during treatment, use of structured opioid
therapy, and appropriate opioid selection may
decrease the risk of abuse in patients requiring
ongoing analgesia. Moreover, there is evidence to
suggest that a lack of uniform methodologies with
respect to patient assessment, use of controlled-sub-
stance agreements, and compliance monitoring may
limit their effectiveness, leading to preliminary
efforts to formalize abuse-risk management prac-
tices. However, there is modest evidence that efforts
on the part of regulatory bodies and legislators to
reduce risk may decrease physician willingness to
prescribe opioids legitimately.

An important development since the publication
of US and Canadian guidelines for the safe and
effective use of opioids is the introduction of the
first opioid formulations designed to be tamper-
resistant. Initial epidemiology of abuse data sug-
gests that abuse of specific opioid products declined
after they were reformulated to resist certain types
of tampering, but overall rates of opioid abuse have
been unaffected with substance abusers simply
selecting more easily abused alternative products.68

However, clinicians must be clear that these formu-
lations will probably not deter abuse of intact
tablets, and their use may actually have the unin-
tended consequence of prompting a migration of
abusers to other drugs and more dangerous sub-
stances, such as heroin.

Nevertheless, despite the limitations of current
strategies for preventing opioid abuse, it is essential
that clinicians use all available tools to prevent and
detect aberrant drug-related behaviors during opioid
therapy in the hope that their combination will pre-
vent as much opioid abuse as possible. As regula-
tors, legislators, and other interested parties consider
implementing their own strategies to limit prescrip-
tion opioid drug abuse, it will also be essential to
ensure that their efforts do not compromise effective
pain management and thereby increase suffering.

Given the risks associated with opioid abuse, the
general lack of level 1 evidence supporting the use
of risk-mitigation tools must be taken in the appro-
priate context. The Declaration of Helsinki states
that clinical research in which a percentage of sub-
jects are denied treatment (eg, a placebo group)

should be reserved for conditions for which no
proven therapy exists or situations in which denial
of therapy will not lead to permanent or serious
harm.101 With opioid therapy, the absence of data
from randomized controlled trials assessing avail-
able strategies to prevent and identify aberrant
drug-related behaviors is likely to persist because a
control group cannot be ethically exposed to opi-
oids without the best available precautions.
Retrospective data collected from large populations
of patients will have to be sufficient to support the
use of available risk-mitigation strategies for patients
facing the risks associated with exposure to highly
abusable substances. Therefore, it is the position of
the present paper that all patients seen in clinical
practice be treated using these strategies because
they are supported by common sense; they do not
introduce new risks into treatment; and the likeli-
hood of addiction, abuse, or other serious adverse
outcomes would otherwise be too great.
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ABSTRACT

Objective: Prescription opioid abuse poses a significant public health concern. 
House Bill 1 (HB1) was enacted in 2012 to address prescription drug abuse in 
Kentucky. The authors investigated the impact of HB1 on primary care providers’ 
(PCPs) prescribing practices of Schedule II controlled substances.
Design: Retrospective evaluation of PCPs’ prescribing practices in an adult out-
patient setting.
Methods: A review of the prescribing practices for Schedule II controlled sub-
stances written by 149 PCPs. The number of prescriptions for Schedule II con-
trolled substances written by 149 PCPs was compared to the top 10 PCP prescribers. 
Attention was focused on providers who wrote for oxycontin and/or opana and 
prescriptions with > 90 pills dispensed.
Results: The top 10 PCP prescribers accounted for 38.4 percent of the Schedule 
II controlled substances and 47.8 percent of the Schedule II controlled substances 
with > 90 pills dispensed. Of the 60 PCPs who prescribed opana and/or oxycontin, 
the average number of prescriptions was 14.7 compared to 51.0 for the top 10 PCP 
prescribers. The average percentage of Schedule II controlled substance prescrip-
tions compared to the total number of prescriptions was 27.9 percent for the top 10 
PCP prescribers and 7.05 percent of all PCPs. The average percentage of office visits 
with Schedule II controlled substance prescriptions compared to total office visits 
was 24.8 percent for the top 10 PCP prescribers versus 7.7 percent for all PCPs.
Conclusions: Further scrutiny is warranted to more closely analyze provider opi-
oid prescribing habits and ensure that the providers at our Institution are prescrib-
ing Schedule II controlled substances in compliance with HB1.

INTRODUCTION

Sixty percent of the approximately 38,000 deaths 
from a drug overdose in the United States in 2010 
were attributed to prescription drugs.1 The number of 
deaths related to prescription opioids in the United 
States increased from 4,263 in 1999 to nearly 17,000 
deaths in 2011.2 There has been a 5-fold increase 
in prescriptions for pain medications without an 
increase in the painful conditions that warrant them.1,3 
Physician prescribing practices for potentially lethal 
pain medications pose a significant dilemma.1 The 

majority of individuals who abuse prescription pain 
medications obtain them at no charge from a friend or 
relative.4,5 The second and third most common means 
of attaining these drugs is by being prescribed them by 
more than one doctor and by buying from a friend or 
relative, respectively. In 2014, the Drug Enforcement 
Administration reclassified hydrocodone combina-
tion drugs such as Vicodin as a Schedule II controlled 
substance under the Controlled Substances Act, with 
a high potential for abuse.6-8 In addition, patients are 
only able to obtain these drugs for up to 90 days with-
out receiving a new prescription.
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House Bill 1 (HB1), also known as “the pill mill 
bill,”9 was enacted in 2012 to address the prescription 
drug abuse dilemma in Kentucky. This bill had two 
primary goals, specifically, (1) to establish manda-
tory prescribing, dispensing, and reporting standards 
and (2) to develop a mandate to licensing boards 
to establish regulations pertaining to prescribing 
and dispensing of controlled substances. It required 
practitioners (eg, physicians, optometrists, and den-
tists) to utilize Kentucky All Schedule Prescription 
Electronic Reporting (KASPER) and to link KASPER 
data with the prescription drug monitoring programs 
(PDMPs) of ordering states. It focused on Schedule II 
controlled substances, including morphine, demerol, 
fentanyl, dilaudid, codeine, oxycodone, hydroco-
done, and methadone.

Several new requirements for prescribers and 
dispensers were inherent in HB1. A practitioner 
or pharmacist authorized to prescribe or dispense 
controlled substances was required to register with 
the Cabinet to use KASPER and maintain this regis-
tration continuously during their term of licensure. 
Prior to the initial prescribing or dispensing of a 
Schedule II controlled substance to a patient, a prac-
titioner was required to obtain a complete history 
and physical, query KASPER every 3 months on the 
patient’s personal data, educate patients about the 
specific drug, develop a written treatment plan, and 
discuss and obtain written informed consent. Long-
term prescribing greater than 90 days demanded 
random urine drug screen and pill counts as well as 
consideration of referral to a specialist.

There are no national benchmarks to monitor 
physicians’ prescribing practices of opioid con-
trolled substances. The present study identified the 
top 10 PCPs at our Institution who prescribed the 
greatest quantities of Schedule II controlled sub-
stances and compared their prescribing practices to 
those of the total 149 PCPs. We discuss the effect of 
HB1 in educating physicians, enhancing physician 
prescribing practices, and improving documenta-
tion with the ultimate goal of curtailing the rampant 
abuse of Schedule II controlled substances. We also 
offer numerous suggestions for reducing the reli-
ance on opioid medications and techniques for pre-
scribing opioids.

METHODS

We retrospectively reviewed the PCPs’ prescrib-
ing practices of Schedule II controlled substances at 

our Institution to determine the impact of HB1 in 
Kentucky. This study consisted of 149 PCPs at 26 
adult PCP practices between January 1, 2015 and 
December 31, 2015. The PCPs included those who 
treated patients in the adult outpatient setting and 
wrote three or more orders for Schedule II con-
trolled substances. The Schedule II controlled sub-
stance stimulants (methylphenidate and ampheta-
mine) were excluded from the data.

We compared the number of Schedule II con-
trolled substance prescriptions written by all 149 
PCPs to those who were the top 10 PCP prescrib-
ers. Particular attention was devoted to providers 
who specifically wrote for oxycontin and/or opana 
and prescriptions with greater than 90 dispensed. 
In addition, we compared the CPT codes for back 
pain (724.2, 724.3, 724.4, and 724.5) and degenera-
tive disc disease (422.4, 722.51, 722.52, and 722.6) 
between the top 10 PCP prescribers and all 149 PCP 
providers of Schedule II controlled substances.

RESULTS

The Schedule II controlled substance prescrip-
tions written by PCPs at our Institution are displayed 
in Table 1. The average number of Schedule II con-
trolled substance prescriptions written was substan-
tially higher for the top 10 PCP prescribers com-
pared to all 149 PCPs. The top 10 PCP prescribers 
accounted for 38.4 percent of the total number of 
prescriptions for Schedule II controlled substances 
(Figure 1).

The top 10 PCP prescribers represented 47.8 per-
cent of the total Schedule II controlled substance 
prescriptions written with dispense quantities in 
excess of 90. Sixty (40.3 percent) of the total 149 
PCPs prescribed the Schedule II controlled sub-
stances opana and/or oxycontin. The average 
number of prescriptions written for opana and/or 
oxycontin was 51.0 for the top 10 PCP prescribers 
compared to 14.7 (representing the 60 PCPs who 
prescribe these drugs) and 5.9 (all 149 PCPs).

The average percentage of Schedule II controlled 
substance prescriptions written compared to the 
total number of prescriptions as well as the aver-
age percentage of office visits with Schedule II con-
trolled substance prescriptions written compared to 
total office visits were considerably higher for the 
top 10 PCP prescribers versus all 149 PCPs (Table 1).

The average number of patients per provider 
with CPT codes for back pain and degenerative disc 
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disease was 570 for the top 10 PCP prescribers of 
Schedule II controlled substances (total of 5,696 
patients) compared to 133 for all 149 PCP prescrib-
ers of Schedule II controlled substances (total of 
19,815 patients).

DISCUSSION

Prescription drug abuse is a dilemma both nation-
ally10-16 and in Kentucky.9,17-20 Prescription rates 
for hydrocodone and oxycodone in Kentucky 
increased by 27 and 49 percent, respectively, from 
2003 to 2010.19 According to the National Survey on 
Drug Use and Health in 2008-2009, Kentucky had 
a higher rate of illicit use of opioid analgesics than 
the United States for all age groups.19 The highest 
use was among 18-25-year old's, with 15.4 percent 
reporting use compared to 11.9 percent  nationally.19 

This was attributed to prescription practices lead-
ing to increased drug availability and diversion. 
The nonmedical use of prescribed controlled sub-
stances, in particular opioid analgesics, represents 
a significant public health concern.10,11 According 
to the Drug Abuse Warning Network between 1997 
and 2001, the use of opioid analgesics substantially 
increased: morphine by 48.8 percent, fentanyl by 
151.2 percent, and oxycodone by 347.9 percent.11,21

Since the inception of its PDMP in 1999 to moni-
tor the abuse of addictive drugs, Kentucky's rank-
ing among states with the highest nonmedical use of 
prescriptions pain medications dropped from second 
to thirty-first place.22 KASPER is considered the “gold 
standard” for state PDMPs due to three aspects: (1) 
legislation that mandates physician and pharmacy 
compliance; (2) ongoing innovations; and (3) contin-
ued cooperation among key stakeholders.22

The present work highlighting PCPs’ prescrib-
ing practices of opioid controlled substances and 
suggestions for reducing the reliance on opioids 
represents a timely contribution in the setting of 
the opioid crisis. In 2012, the American Society of 
Interventional Pain Physicians provided guidance 
for the use of opioids for the treatment of chronic 
noncancer pain with the intention of improving the 
treatment of chronic noncancer pain and decreas-
ing the incidence of abuse and drug diversion.23,24 
In March 2016, the Centers for Disease Control 
issued 12 guidelines to PCPs for prescribing opi-
oids for chronic pain.25 The guidelines were organ-
ized into three areas of practice: (1) when to start or 
continue opioids for chronic pain; (2) how to select 
which drug, at what dose, for how long, and when 

Figure 1. Number of Schedule II controlled substance pre-
scriptions written by PCPs at our Institution ( January 1, 
2015 to December 31, 2015).

Table 1. Schedule II controlled substance prescriptions written by PCPs at our Institution 
( January 1, 2015 to December 31, 2015)

All PCP prescribers 
(n = 149)

Top PCP prescribers 
(n = 10)

Average number of Schedule II controlled substance prescriptions written 286.3 1636.3

Average number of Schedule II controlled substance prescriptions written with 
dispense quantities in excess of 90

142.9 (n = 130) 973.9

Average number of prescriptions written specifically for opana and/or oxycontin
5.9 (n = 149)
14.7 (n = 60)

51.0

Average percentage of Schedule II controlled substance prescriptions written 
compared to total number of prescriptions

7.05 percent 27.9 percent

Average percentage of office visits with Schedule II controlled substance 
 prescriptions written compared to total office visits

7.7 percent 24.8 percent
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to  discontinue its use; and (3) how to assess the risk 
of opioids and how to mitigate their potential for 
harm. The goal was to modify physicians’ prescrib-
ing practices of opioid medications.

Numerous positive attributes have been observed 
following the application of HB1 in clinical practice 
(Table 2). In the 1 year following the implemen-
tation of HB1, there was a noticeable decrease in 
controlled substance dispensing, with an 8.5 per-
cent decrease among all controlled substances 
statewide (Figure 2). In addition, a striking increase 
in the number of KASPER reports requested was 
observed statewide (Figure 3). This represents the 
extensive use of the electronic reporting system 
to closely monitor physicians’ prescribing prac-
tices and a patient's history of controlled substance  

prescriptions. “Doctor shopping” refers to patients 
who receive multiple prescriptions from four or more 
different prescribers that are filled at four or more 
different pharmacies within a 3-month period.17 
HB1 significantly affected “doctor shopping” behav-
ior as there was a greater than 50 percent decrease 
in the number of patients who met this criterion 
after the HB1 implementation.17 The use of KASPER 
limited a patient's ability to make excessive emer-
gency room visits for nonemergency issues, request 
early refills, and request replacements for lost medi-
cations regularly.18 Of note, between 2011 and 2013, 
Kentucky's heroin overdose deaths increased from 3 
to 40 percent, the heroin overdose emergency medi-
cal services calls increased 700 percent, and heroin 
trafficking arrests increased 1,300 percent.26

We identified several factors during the inves-
tigation of the prescribing practices of the top 10 
PCP prescribers at our Institution that may account 
for their prescribing a greater quantity of Schedule 
II controlled substances compared to all 149 PCP 
prescribers. The average number of patients per 
provider with CPT codes for back pain and degen-
erative disc disease was 570 for the top 10 PCP 
Schedule II controlled substance prescribers com-
pared to 133 for all 149 PCP Schedule II controlled 
substance prescribers. This finding indicates that the 

Figure 2. One-year comparison of Schedule II controlled substances dispensed statewide prior to and following the 
implementation of HB1 in Kentucky (KASPER data provided by the Cabinet for Health and Family Services, Frankfort, 
KY).

Table 2. Positive impact of HB1 in Kentucky

Improved documentation

More thorough patient care

More screening and education of patients

Increased partnering of providers with pain management 
specialists

Providers more selective when accepting patients
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top 10 PCP prescribers have a considerably higher 
number of patients with back pain and degenerative 
disc disease which may necessitate prescribing a 
greater amount of Schedule II controlled substances 
compared to all 149 PCP prescribers. Further studies 
will address additional causes for the differences in 
prescribing practices of PCPs.

The majority of pain management specialists pre-
fer to focus on procedures such as epidural injec-
tions and would prefer not to assume the long-term 
prescribing of controlled substances which would 
inevitably increase the quantities prescribed by 
PCPs. In addition, it is not reasonable for pain man-
agement physicians to take over the responsibility of 
prescribing opioids to patients who should not have 
been started on opioids, individuals treated with 
unreasonable dosages, and patients with addiction 
issues, behavioral issues, and involved in diversion. 
Pain management practices are under tight scrutiny, 
and pain physicians are not offered special protec-
tion with regards to high-risk patients. Pain physi-
cians strive to reduce the reliance on opioids by 
implementing several effective strategies (Table 3). 
Interestingly, we discovered that many PCPs no 
longer want to prescribe Substance II controlled 
substances due to the strict regulations inherent in 
HB1, thus, necessitating one PCP in a practice to 
prescribe a higher number of Schedule II controlled 
substances to patients of fellow colleagues. A host 
of valuable techniques for prescribing opioids are 
suggested (Table 4).

Several interventions have been implemented at 
our Institution based on the findings in the current 
work with the primary objective of protecting PCPs 
and their patients. We have educated PCPs about 

the significance of HB1 and developed guidelines to 
apply HB1 into clinical practice. The data collected 
in this study was shared in a blinded manner with 
the PCPs to allow them to compare against their 
peers. In addition, focused attention was directed to 
the outliers, including auditing their medical charts 
and providing specific feedback in documentation. 
Our identified reports were also incorporated into 
electronic medical record templates. The findings 
gleaned through the present study permitted our 
Institution to develop guidelines for PCPs’ prescrib-
ing practices of opioid controlled substances.

While the ultimate goal of the present work was to 
ensure PCPs’ compliance of HB1, we also stressed the 
importance of oversight and education of PCPs. This 
education was focused primarily on determining the 
objectives of patient treatment with the aim of reduc-
ing the quantities of Schedule II controlled substances 
prescribed and selecting pain medications other than 
Schedule II controlled substances to treat arthritis 
and back pain. In addition, PCPs’ awareness of HB1 

Figure 3. KASPER reports requested statewide (2007-
2014; KASPER data provided by the Cabinet for Health and 
Family Services, Frankfort, KY).

Table 3. Strategies implemented by pain 
 physicians to reduce the reliance on opioids

Interventional techniques

Physical therapy

Home exercises

Complementary and alternative therapy

Utilization of nonnarcotic medications

Assistance from other professionals, including rehabilitation 
physicians, neurologists, spine surgeons, neurosurgeons, and 
psychiatrists

Table 4. Techniques for prescribing opioids

Avoid starting patients on long-term opioids, especially young 
patients who will likely develop tolerance leading to other 
issues

In general, start therapy and plan to stop it at a specific point 
rather than making an open-ended process

Resist escalating the opioid dosage beyond a predetermined 
ceiling

Use screening tools for risk assessment, KASPER, frequent 
evaluations, urine drug screens, and pill counts

Abbreviation: KASPER, Kentucky All Schedule Prescription 
Electronic Reporting.
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encourages PCPs to evaluate patients in the office on 
a more frequent basis to discuss their Schedule II con-
trolled substances and associated refills.

From a pharmacy perspective, Betses and 
Brennan27 identified high-risk prescribers by com-
paring them against others in the same geographic 
region with the same listed specialty using data from 
submitted prescriptions for hydrocodone, oxyco-
done, alprazolam, methadone, and carisoprodol. 
They identified 42 outliers based on the volume of 
prescriptions for high-risk drugs and the propor-
tion of the prescriber's prescriptions for such drugs. 
The authors attempted to interview the outliers and 
subsequently decided not to fill the controlled sub-
stance prescriptions for 36 outliers at their phar-
macy. Our study closely mimics that of Betses and 
Brennan's by identifying the top prescribers of con-
trolled substances in a geographical jurisdiction by 
specialty and then interviewing the outliers to deter-
mine the unique characteristics of their practice.

A community in North Carolina focused their pre-
vention program on the education of PCPs in man-
aging chronic pain and safe opioid prescribing.28 
Following an intervention of a tool kit (pain manage-
ment guidelines, opioid risk assessment tools, sam-
ple patient-prescriber agreement [pain contract], and 
patient education materials) and face-to-face meet-
ings with physicians, the overdose death rate due pri-
marily to opioids dropped from 46.6 per 100,000 in 
2009 to 29.0 per 100,000 in 2010. In 2008, 82 percent 
of overdose decedents received an opioid prescrip-
tion from a community prescriber compared with 
10 percent in 2010. The present study in Kentucky 
is similar to the community-based opioid prevention 
program in North Carolina. Both the North Carolina 
study and the present work emphasize the impor-
tance of educating PCPs in safely prescribing opioid 
medications by means of a tool kit (North Carolina) 
and through KASPER at our Institution. Similar to 
the North Carolina analysis, the present study also 
encourages face-to-face meetings with PCPs. We 
identified the PCPs with the highest Schedule II con-
trolled substance prescribing practices in an effort to 
delve into their specific patient population and their 
particular need to prescribe these medications. The 
goal of both our study and that in North Carolina was 
to reduce the quantity of Schedule II controlled sub-
stances dispensed by PCPs.

In an effort to curtail the prescription opioid cri-
sis, certain technologies have attempted to develop 
abuse deterrent formulations.29-31 These new 

 extended-release opioids are designed to provide 
adequate pain control for patients while discouraging 
prescription opioid abuse. Approved strategies include 
physical barriers to crushing, chewing, or dissolving, 
combinations of opioid agonists/antagonists, and the 
addition of aversive ingredients to opioid tablets.29

CONCLUSION

The solution to mitigating the abuse of prescrip-
tion controlled substances consists of the triad of safe 
prescribing practices, state policies, and PDMPs.32 
The number of Schedule II controlled substances 
decreased statewide, and the number of KASPER 
reports requested increased statewide following the 
implementation of HB1 in Kentucky in 2012. Future 
studies will focus on specialists’ prescribing prac-
tices of Schedule II controlled substances, a patient's 
diagnosis leading to the prescription of a Schedule 
II controlled substance, the prevalence of polyp-
harmacy, and physician and patient characteristics. 
Further analysis is warranted to continue monitor-
ing prescribing practices at our Institution and in 
Kentucky to elucidate the impact of HB1.
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ABSTRACT

Background: Errors may be more common and more
likely to be harmful with opioids than with other medica-
tions, but little research has been conducted on these
errors.

Methods: The authors retrospectively analyzed MED-
MARX®, an anonymous national medication error report-
ing database, and quantitatively described harmful opioid
errors on inpatient units that did not involve devices such
as patient-controlled analgesia. The authors compared
patterns among opioids and qualitatively analyzed error
descriptions to help explain the quantitative results.

Results: The authors included 644 harmful errors
from 222 facilities. Eighty-three percent caused only tem-
porary harm; 60 percent were administration errors and
21 percent prescribing errors; and 23 percent caused
underdosing and 52 percent overdosing. Morphine and
hydromorphone had a significantly higher proportion of
improper dose errors than other opioids (40 percent and
41 percent compared with 22 percent with meperidine).
Hydromorphone errors were significantly more likely to be
overdoses (78 percent vs 47 percent with other opioids).
Omission errors were significantly more common with
fentanyl patches (36 percent compared with 12 percent
for other opioids). Wrong route errors were significantly
more common with meperidine (given intravenously
when prescribed as intramuscular, 34 percent vs 3 per-
cent for morphine). Oxycodone errors were significantly
more likely to be wrong drug errors (24 percent vs 11 per-
cent for other opioids), often because of confusion
between immediate- and sustained-release formulations.

Conclusions: Reported opioid errors are usually asso-
ciated with administration and prescribing and fre-
quently cause uncontrolled pain as well as overdoses.
These patterns of errors should be considered when using
opioids and incorporated into pain guidelines, educa-
tion, and quality improvement programs.

Key words: opioids, medication errors, medical errors,
pain

INTRODUCTION

Opioids are among the most frequently used medica-
tions in hospitals and several drugs most commonly
involved in error reports are in this class.1 Opioids may
be more prone to errors because of factors such as the
frequent need to calculate doses and different potencies
among opioids and routes of administration. Evaluating
and addressing opioid errors is particularly important
with the dramatically increased use of these medications
over the past decade. Opioid errors are more likely to
cause harm or death than errors with many other drug
classes, since overdoses can cause symptoms such as res-
piratory depression.1 Concerns about the possible
adverse effects of opioids are important barriers to the
use of opioids for both healthcare professionals and
patients and families, and errors are a significant factor in
the under treatment of pain.2

However, safety issues are rarely addressed in
attempts to improve opioid use. In our recent systematic
review of quality indicators for pain treatment, most of
those we identified were limited to the Institute of
Medicine quality domain of effectiveness; only one was
related to adverse drug reactions and none were related
to medical errors.3 Recommendations or initiatives to
decrease errors with opioids have generally been limited
to education about pain management and opioid conver-
sions, and specific issues such as eliminating the use of
meperidine because of toxicity with higher doses4 and
the use of abbreviations for morphine.5 Little evidence is
available on patterns of errors with opioids or how best
to prevent them; the few previous relevant studies were
limited in sample size and scope.6,7

Improving the safety and efficacy of opioids requires
better knowledge of patterns of errors. We therefore
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analyzed opioid errors in routine inpatient care using a
national medication reporting system, MEDMARX®, with
the following objectives: (1) Evaluate patterns of opioid
medical errors; (2) evaluate differences in these patterns
among commonly used opioids; and (3) qualitatively
describe issues related to opioid characteristics and spe-
cific opioids and formulations.

METHODS

Data  source

MEDMARX is a voluntary, anonymous medication
error reporting program established in 1998 by the
US Pharmacopeia. More than 850 subscribing hospitals
and health systems have used MEDMARX, which currently
receives approximately 20,000 medication error reports
per month. MEDMARX facilities are representative of
US hospitals in bed size and include a variety of facility
types.1 Reports categorize errors using the National
Coordinating Council for Medication Error Reporting and
Prevention (NCCMERP) taxonomy (including whether
there was harm and the degree of harm).8 Reports
contain a number of data fields including the drugs
involved, some patient characteristics, type of patient-
care unit, error node (prescribing, transcribing/docu-
menting, dispensing, administering, or monitoring), error
type (eg, omission, wrong drug, wrong route), causes
and factors involved in the error, resulting level of care
required by the patient (including whether a narcotic
antagonist or antidote was administered), and a free-text
error description.

We included error reports mentioning any opioid that
was potentially used for treatment of pain, occurring on a
patient care unit, and stating that there was patient harm
(Categories E-I in the NCCMERP taxonomy). We
excluded errors in intensive care units and during surgery
or procedures, since patterns of use are different in these
settings. We excluded errors associated only with patient-
controlled analgesia (PCA) devices or intrathecal or
epidural pumps, which are different because of issues
such as programming the pumps correctly. We excluded
reports that were adverse drug events or otherwise
clearly not errors by reviewing the codes and free-text
error descriptions of all included error reports.

Analysis

We performed both quantitative and qualitative analy-
ses. For the quantitative analyses, the unit of analysis was
the MEDMARX report. We described reports by the char-
acteristics described earlier. We excluded variables for
which there was too much data missing for reliable
analyses; for example, we were unable to determine the
route of administration or whether the product was 

sustained- or immediate-release for many reports
because of missing data for route and for brand name.
These issues were addressed in the qualitative analysis.
We only included the primary type and contributing fac-
tor for each error, as �90 percent of errors only had one
code for each of these variables. We created a new vari-
able (based on the free-text error description) for the
effect of the error (overdose, underdose, unclear, or oth-
ers, such as an allergic reaction). For two key areas, error
types and overdosing compared with underdosing, we
also compared errors among the most commonly used
opioids (morphine, hydromorphone, fentanyl, meperi-
dine, and oxycodone). We used �2 tests, since results
were not significantly different when using logistic
regression with clustering by facility.

We supplemented the quantitative analyses with qual-
itative content analysis of the error descriptions and other
information in the reports.9,10 We performed the analysis
in two phases, based on the MEDMARX taxonomy and
review of the medical literature on opioids and errors.
First, we evaluated the errors by type and cause for issues
relatively specific to the characteristics of opioids.
Second, we evaluated the error types that were signifi-
cantly more common with particular opioids and formu-
lations to better understand potential reasons for these
patterns of errors.

The Johns Hopkins Committee on Human Subjects
approved the use of this deidentified database for
research purposes. Analyses were conducted using
STATA 9.0 (StataCorp LP, College Station, TX).

RESULTS

Error  and  patient  characteristics

From 1998 to 2004, of the 1,082 harmful errors
reported from inpatient care units, 353 (33 percent) were
related only to use of PCA, 37 (3 percent) were related
only to use of epidural or intrathecal catheters, 31 (3 per-
cent) were reported as adverse drug events, and 
17 (2 percent) were excluded for other reasons. Therefore,
644 error reports were included in these analyses.
Reports came from 222 facilities (149 of which reported
only one or two errors), during 1999-2004 (90 percent
from 2001 to 2004); 535 (83 percent) were associated with
only temporary harm (NCCMERP Category E). The mean
patient age was 58; 19 of the 583 reports where age was
recorded were in patients younger than 18. Sixty percent
were coded as administration errors, 21 percent were
coded as prescribing, 12 percent as transcription, and
6 percent as dispensing or monitoring. The errors resulted
in overdosing in 53 percent of reports, underdosing in 
23 percent, and other adverse effects in 10 percent, such as
allergic reactions due to giving an opioid despite a docu-
mented allergy. The effect was unclear in the remaining
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14 percent of cases. Giving naloxone was reported as an
outcome in 22 percent of cases, and in an additional 
9 percent, one of the outcomes reported was giving an
antidote, which was not always specified. Although some
of these were diphenhydramine or other treatments for
allergic reactions, many were described as naloxone in
the free-text error descriptions.

There were six reported deaths (1 percent of harmful
error reports). In one case, a dying, frail, elderly woman
with pleural effusions died 2 hours after 10 mg of mor-
phine was administered (the ordered range was 1-3 mg);
in another, a morphine drip with 100 mg in 100 mL (usu-
ally used for dying patients and intended to be infused
over 24 hours) was found to be empty after an hour.
Another patient who had undergone hip surgery received
3 mg of morphine intravenously (IV) and became
sedated with respiratory depression; a narcotic antagonist
did not wake the patient, who was treated with BIPAP
but had a do not resuscitate order and subsequently died.
In the other three cases, it is unclear how ill the patient
was. In one, the error description only states that the
patient received 1,050 mg of meperidine and 4 mg hydro-
morphone IV in a 24-hour period. Another patient
received 6 mg of hydromorphone IV; although the dose
had been intended as 1 mg, it was transcribed as 6 mg
because of misinterpretation of the handwriting. The last
death occurred in a postoperative patient who received
epidural morphine at a dose higher than ordered in addi-
tion to intravenous morphine, which had not been
ordered.

Causes  of  errors

Overall, the most commonly reported primary causes
of errors were communication, knowledge and perform-
ance deficits, not following protocols and procedures,
and documentation. Calculation errors (77 percent of
which were errors with administration), computer entry,
dispensing devices, dosage form, or name confusion
were each the primary reported cause in less than 5 per-
cent of reports, and abbreviations, decimal point issues,
and verbal orders were the primary cause in less than
1 percent each. Contributing factors of cross coverage,
shift change, transfers, range orders, and lack of phar-
macy support were all reported in less than 2 percent of
cases. Calculation errors were of the administration type
in 77 percent of cases (such as performing mg to mL con-
version when calculating an intravenous opioid dose or
making 10-fold errors), but some were errors of convert-
ing one opioid to another or using the wrong mg/kg
factor in calculating for a child. There were numerous
examples of products with similar names being mistaken
for each other (eg, Roxicet/Roxanol).

In the qualitative analysis, there were several other
issues identified that were not addressed in the error

taxonomy. Use of opioids with multiple other sedating
medications was an issue in several cases, as was simulta-
neous use of more than one opioid or route of adminis-
tration. Several errors were described as due to overly
aggressive treatment of uncontrolled pain, such as
exceeding the appropriate or ordered dosing interval or
using more than one opioid or route. Harm often
occurred after repeated opioid doses over a short period
of time. A few reports were related to conversions from
one opioid or route to another, including one calculation
error and several where the previous medication was not
discontinued with the opioid change. Some descriptions
mentioned not questioning a physician’s order even
when the nurse knew it was incorrect.

Several reports noted not double-checking for errors
when pain was uncontrolled, stating, for example, that a
patient was complaining of severe pain for a period of
time before it was recognized that there was an opioid
omission. Several noted lack of adequate physician
response to uncontrolled pain or other quality issues
such as not prescribing a bowel regimen when starting an
opioid, resulting in constipation. Finally, a number of
errors were related to failure to note medication allergies.

Issues  more  common  with  specific  drugs  or
formulations

Additional characteristics of opioid errors and differ-
ences between the most commonly used opioids are
listed in Table 1. Morphine and hydromorphone errors
were significantly more likely to be improper dose/quantity
than other opioids (40 percent and 41 percent vs 31 per-
cent, p � 0.01). Hydromorphone errors, but not morphine
errors, were significantly more likely to be overdoses than
other opioids (78 percent vs 52 percent, p � 0.001).
Particularly for hydromorphone, but also for morphine
and sometimes other opioids, harm often occurred
because the initial dose given for a patient was higher
than the recommended range. The pattern of these errors,
both in administration and prescribing, suggests that they
were often due to lack of familiarity with the differences
in potency between hydromorphone and morphine and
between intravenous and oral forms, as the dose given
would have been appropriate for the other situation (such
as 4 mg of hydromorphone as a starting intravenous dose
for an opioid-naïve patient rather than 0.2 mg).

Errors with fentanyl occurred almost exclusively with
transdermal patches. These errors were significantly
more likely to be errors of omission (36 percent vs
15 percent, p � 0.001) and underdoses (46 percent vs
20 percent, p � 0.001) than other opioids. A number of
cases were due to not changing patches at the recom-
mended time or not realizing that a patch was on or that
the previous patch had not been removed. Errors with
meperidine were significantly more likely to be wrong
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route errors (34 percent vs 2 percent, p � 0.001) and
overdoses (65 percent vs 50 percent, p � 0.005) than
other opioids. These mainly involved meperidine that
was prescribed intramuscularly (IM) but administered IV;
there were only a few cases of this occurring with other
opioids. There were also numerous cases of seizures or
other central nervous system complications related to
meperidine, often with higher-than-recommended total
doses due to repeated administration. In one case, the
patient’s condition was recognized only after a special
meperidine quality team recognized the symptoms.

Errors with oxycodone were significantly more likely to
be errors of omission (24 percent vs 14 percent, p � 0.05)
or unauthorized/wrong drug errors (24 percent vs 11 per-
cent, p � 0.005) than with other drugs. In particular, con-
fusion between sustained-release and immediate-release
versions was commonly noted, with one being given
instead of the other. In a few cases, sustained-release
oxycodone was crushed and given to the patient.

There were also several issues with specific opioid for-
mulations. There were multiple cases of wrong adminis-
tration of the concentrated opioid solutions frequently
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Table 1. Most commonly reported primary error types and effects, by most commonly prescribed 
opioids (n �� 644)

Opioid
Morphine 
(n �� 201), 

percent

Hydromorphone
(n �� 102), 

percent

Fentanyl 
(n �� 90), 
percent

Meperidine
(n �� 80), 
percent

Oxycodone
(n �� 67), 
percent

Other* 
(n �� 123), 

percent

Type of error

Improper dose/quantity 40† 41† 29 23 19 19

Omission 13 4 36† 3 24† 15

Prescribing error 11 8 11 15 6 23

Unauthorized/
wrong drug

10 15 4 9 24† 19

Wrong route 3 5 0 34† 0 2

Extra dose 5 6 4 4 3 6

Wrong administration
technique

3 4 3 5 4 2

Drug prepared 
incorrectly

2 6 1 1 4 4

Other‡ 13 11 12 16 16 10

Effect of error

Overdose 55 78† 47 65† 39 52

Underdose 23 8 46† 6 30 23

Other 12 9 1 19 4 13

Unclear 10 5 6 10 27 12

*Error reports where none of the five most commonly used opioids were mentioned; most common other products were
acetaminophen/oxycodone, acetaminophen/hydrocodone, methadone, and acetaminophen/codeine. Twenty-two reports had
more than one of these five most commonly used opioids involved in the error.
†Significantly greater at p � 0.05 (�2 compared with all other opioids; some cells with small numbers). Results were similar when
only the commonly used opioids were included in the comparisons.
‡Error types reported for �5 percent of any of the common opioids included wrong dosage form, wrong patient, wrong time,
deteriorated or expired product, and mislabeling.



used in hospice care, such as 20 mg/mL morphine. In
many of these cases, the mg dose was confused with the
mL dose (eg, patient given 5 mL instead of 5 mg, which
would have been 0.25 mL). There were multiple cases of
morphine drips administered over an hour instead of a
24-hour period, such as a 50 mg/50 mL solution that was
administered over an hour rather than at a rate of 1 mg
(or 1 mL) per hour. There were also issues with combina-
tions of opioids with other analgesics, often apparently
related to use of the brand name and not recognizing
the ingredients or doses of the component drugs. In
some cases, patients received a medication included
in the drug that they were allergic to, which was not
recognized because of use of the brand name. In others,
formulations containing acetaminophen were given too
frequently and the patient received more than the recom-
mended daily dose of acetaminophen.

DISCUSSION

In this study of harmful opioid errors from a national,
anonymous reporting system, more than half were
reported as administration errors and an additional 20 per-
cent were related to prescribing. Half of the errors caused
overdoses, many of which required naloxone administra-
tion, and about a quarter caused underdosing and uncon-
trolled pain. Most errors were reported as related to issues
with communication, knowledge, or performance deficits,
not following protocols or documentation. Issues related
to specific opioids included inappropriately high starting
doses, particularly with hydromorphone but also with
morphine, mostly due to administration errors; adminis-
tering meperidine IV rather than IM; incorrectly changing
fentanyl patches; and confusing sustained-release and
immediate-release preparations, particularly with oxy-
codone. Issues with specific formulations included confu-
sion about ingredients in combination products including
opioids and other analgesics.

Several previous studies have evaluated opioid errors
from different perspectives. A medical record review of
22 opioid overdoses requiring naloxone found that only
64 percent were due to an apparent error in prescribing,
administration, or compounding, and 18 percent
involved more than one opioid.6 Evaluating errors
through retrospective medical review may yield different
information: few of these overdoses were reported as
incident reports or adverse drug reactions. Much of the
information on errors and causes available through
reporting systems is usually not documented in medical
records, and opioid overdoses may be difficult to distin-
guish from other clinical causes of patient decompensa-
tion. In another series of 43 hospitalized patients who
received naloxone for suspected overdose, only 65 per-
cent had rapid improvement of symptoms and were
defined as an overdose in an independent medical record

evaluation by two investigators. Pulmonary, neurologic,
and other causes were frequently misdiagnosed as opioid
overdoses.7

A study of clinically significant prescribing errors iden-
tified through pharmacist screening11 found that opioids
had the highest percentage (92 percent compared with
64 percent overall) considered to be likely or possibly
preventable with computerized order entry. Prescribing
errors due to lack of knowledge or easy reference to dos-
ing recommendations, miscalculations, or conversion to
different opioids or formulations might all be preventable
with computerized systems. Underdosing errors (such as
not treating uncontrolled pain), as well as the majority of
errors that we identified due to administration, may be
difficult to address with this approach. Errors of omission
or underdosing involving opioids may be more likely to
be reported than errors associated with many other drug
classes, as the clinician can often observe the direct con-
sequence–uncontrolled pain.

Researching errors with anonymous reporting systems
data has many advantages but also has limitations, partic-
ularly the inability to evaluate data validity and issues
with both underreporting and overreporting. Although
MEDMARX is an anonymous reporting database,
reporters may be less willing to enter errors associated
with serious harm or death (or these may be addressed as
sentinel events in their hospitals), and the proportion of
these errors in the database may therefore be artificially
low. Since we cannot describe the frequency and pat-
terns of opioid use with these data, our results cannot be
used to determine the relative safety of one opioid com-
pared with another. Although the relative frequency of
types of errors for different types of opioids is affected by
how they are used, we were able to confirm specific
issues through qualitative review of the brief error
descriptions.

Our results identify potentially important issues with
specific opioids and formulations, in addition to general
safety concerns. Reducing the frequency of inappropri-
ately high doses, particularly with hydromorphone but
also with other opioids, might be helped by computerized
order entry and availability of appropriate quantities in
intravenous unit doses. Confusion between the abbrevia-
tions “IM” vs “IV,” no suffix vs “SR” (sustained-release),
and similar brand names and combination medications
might be helped by clearer prescribing or medication
documentation systems. Use of morphine infusions and
concentrated morphine solutions may require special
attention and care, such as writing out doses in both mg
and mL. Our results also underscore the importance of
considering errors as a potential etiology when patients
are sedated or do not appear to be responding to pre-
scribed opioids. Finally, educational and safety programs
and practice guidelines should include information
designed to address these types of errors.
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ABSTRACT

Background: The intraoperative combination of
volatile anesthetics with opioids is a well-accepted tech-
nique because of its hemodynamic stability and side
effects. This study in adults was designed to determine
the pharmacodynamic interactions between different
dosages of remifentanil and desflurane in response to skin
incision.

Methods: A total of 60 patients were enrolled in this
study. Patients were prospectively randomized to receive 0,
0.1, 0.15, or 0.25 �g/kg/min remifentanil. Anesthesia was
induced with remifentanil, propofol, and succinylcholine.
Thereafter, a group-specific desflurane concentration was
administered using Dixon’s up-and-down technique.
After a “wash out” and equilibration period, patients were
observed for defense movements up to 1 minute after skin
incision. Mean arterial pressure and heart rate were
recorded before induction of anesthesia (baseline), at sur-
gical incision, as well as 2 and 4 minutes thereafter. Time
until extubation was assessed after stopping desflurane
and remifentanil at the end of the surgery.

Results: Remifentanil at 0.1, 0.15, or 0.25 �g/kg/min
reduced desflurane requirements by 74, 83, and 90 per-
cent, respectively. The time course of mean arterial pres-
sure did not differ between the study groups. However,
compared with the group without remifentanil, heart rate
was significantly lower in patients receiving 0.15 or
0.25 �g/kg/min remifentanil. No difference between the
groups was observed with regard to extubation time.

Conclusion: Remifentanil reduces in a dose-dependent
manner the desflurane requirements for skin incision
without increasing recovery time. An infusion rate higher
than 0.1 �g/kg/min results in a significantly decreased
heart rate.

Key words: remifentanil, desflurane, pharmacology,
drug interaction, surgery

INTRODUCTION

Desflurane, a methyl-ethyl ether halogenated exclu-
sively with fluorine, has some advantageous characteris-
tics including little or no metabolic breakdown. Blood
solubility far lower than those of other potent volatile
anesthetics1 allows rapid adjustments in the depth of
anesthesia and a quicker time to awakening.2 The mini-
mum alveolar concentration (MAC) of desflurane has
been shown to decrease with anesthetic adjuvants such
as nitrous oxide, midazolam, and fentanyl.3-5

However, limited clinical data are available about dose
adjustments for desflurane, in combination with the ultra-
short acting opioid remifentanil.6 Because a combination
of two short acting agents such as desflurane and remifen-
tanil seems to be advantageous with regard to cardiovas-
cular stability and rapid recovery, ie, in day-case surgery,
we designed this study to generate clinical data for a more
rational combination of remifentanil and desflurane.

MATERIALS  AND  METHODS

After approval of the institutional review board,
informed written consent was obtained from 60 outpa-
tients with an age ranging from 32 to 66 years. All patients
were classified as American Society of Anesthesiologists
(ASA) physical status 1 or 2. They were scheduled for
elective abdominal day-case surgery under general anes-
thesia requiring at least 5-cm skin incision. Patients
scheduled for endoscopic surgery were not included in
the study.

Patients were randomly assigned to four treatment
groups receiving no remifentanil (group A) or remifentanil
as continuous infusion at 0.1 �g/kg/min (group B),
0.15 �g/kg/min (group C), and 0.25 �g/kg/min (group D).

On the morning of surgery, the patients were premed-
icated with oral midazolam 0.1 mg/kg. Anesthesia was
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induced with iv bolus of propofol (2 mg/kg) and the
group-dependent dosage of continuous remifentanil
infusion. No additional remifentanil bolus was given for
induction. Tracheal intubation was facilitated by succinyl-
choline (1.5 mg/kg). The patients lungs were ventilated
(FeCO2: 30-35 mmHg) using a volume-controlled mode
(Julian anesthesia ventilator, Drägerwerk, Lübeck,
Germany) with 35 percent oxygen in air. Desflurane was
added by a Devapor vaporizer (Drägerwerk, Lübeck,
Germany) immediately after tracheal intubation, and
patients received the predetermined end-tidal anesthetic
concentration up to the time of surgical incision. A mini-
mum time interval of 15 minutes was given to allow
wash-out for propofol and succinylcholine and an ade-
quate equilibration time for desflurane.

Dixon’s up-and-down method was used to reduce the
number of individuals included in the study. This stair-
case bioassay has been described in detail elsewhere.7

The first patient randomized to one of the treatment
groups received a predefined target end-tidal concentra-
tion of 6.0, 5.0, 3.0, and 2.0 percent desflurane, respec-
tively. If the first patient did not move at skin incision, the
next patient in this group received a 0.5 percent
decreased end-tidal concentration of desflurane. The des-
flurane concentration was increased by 0.5 percent in the
subsequent patient if skin incision provoked movements.
Patients were allocated until each group had five to six
independent pairs with one patient moved and the next
not (crossover). The average crossover midpoints were
calculated for each group.8

Patients were observed up to 1 minute after skin inci-
sion by a blinded observer (RN). Any purposeful defense
movement of an extremity or the head in response to sur-
gical incision was considered as a movement. Coughing,
chewing, or swallowing were not considered being move-
ments. If the patient was moving, intravenous midazolam
(2.5-5 mg) was administered as rescue medication.
Group-dependent anesthesia was continued until skin
closure. Thereafter, the anesthetic circuit was flushed with
oxygen and the time until extubation was determined.

Patient monitoring consisted of a lead II and V electrocar-
diogram, noninvasive blood pressure measurement, pulse
oximetry, and temperature measurement. Throughout
the study, the inspiratory and expiratory concentrations of
carbon dioxide and desflurane were measured continu-
ously using infrared spectrometry (PM 8050, Drägerwerke,
Lübeck, Germany) calibrated to desflurane. The sampling
line of the airway gas analyzer was connected to the
proximal end of the endotracheal tube. The sampling
flow was set at 60 mL/min.

Statistical  analysis

Dixon’s up-and-down method was used to determine
desflurane concentration to avoid movements in response

to surgical incision. Results between groups were
compared by ANOVA. A logistical regression analysis
was performed because Dixon’s up-and-down method
uses not the full data set. Based on these results, the
probability of the movement can be estimated. The
demographic data were compared using Kruskal-Wallis
tests or �-square tests as appropriate. Time intervals and
hemodynamic variables were analyzed using ANOVA
and repeated measures ANOVA. Results are reported as
mean and range unless otherwise noted. A p value �
0.05 was considered significant. It has been reported that,
with a sample size of 20 subjects, the standard deviation
of the MAC for desflurane is 0.5 Vol %.9 We therefore esti-
mated that a total of 60 patients would provide a 90 per-
cent power for detecting a difference in the desflurane
MAC of 1 Vol %.

RESULTS

A total of 60 patients of both genders were enrolled in
the study. There was no difference among the four study
groups with respect to demographic data and ASA status,
“wash out” interval, and extubation interval (Table 1).

Dixon’s up-and-down method was applied in five to six
pairs of data sets. The average desflurane concentration
(mean � SD) to prevent movements in 50 percent of
patients was 7.2 � 0.5 Vol % in group A. Remifentanil at 
0.1 �g/kg/min (group B), 0.15 �g/kg/min (group C), and
0.25 �g/kg/min (group D) reduced the required desflurane
concentration to 3.5�0.8 Vol % (p�0.001), 1.1�0.5 Vol %
(p � 0,001), and 1.2 � 0.5 Vol % (p � 0,001), respectively.
The individual end-tidal concentrations in the different
groups are presented in Figure 1. Using logistic regression
analysis without the independent variable remifentanil,
we observed a reduction in desflurane requirements to
1.91 Vol %, 1.24 Vol %, and 0.72 Vol % with remifentanil
at 0.1, 0.15, and 0.25 �g/kg/min, respectively (Table 2).
Hemodynamic variables are presented in Figure 2. Mean
arterial pressure decreased after induction of anesthesia,
but no difference between the study groups could be
observed. In contrast, heart rate was significantly lower in
patients receiving remifentanil at 0.15 and 0.25 �g/kg/min
compared with the group receiving desflurane alone.

DISCUSSION

In this study, we determined the desflurane require-
ments for skin incision in adults when remifentanil was
administered at various doses. Remifentanil at a dosage
of 0.1 �g/kg/min decreased desflurane requirements by
74 percent. At a dosage of 0.25 �g/kg/min, only a slight
reduction in desflurane requirements to 90 percent was
observed. Several variables affect MAC in humans: aging
decreases MAC of desflurane8 as well as the concomitant
use of nitrous oxide3,10 or intravenous fentanyl.4,5 As
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Figure 1. The individual end-tidal concentrations of desflurane tested in the four study groups, receiving no remifentanil
(group A) or remifentanil as continuous infusion at 0.1 ��g/kg/min (group B), 0.15 ��g/kg/min (group C), and 0.25
��g/kg/min (group D), respectively. Points above the horizontal lines indicate movement in response to skin incision,
whereas points below this lines indicate no movement. The triangles indicate the mean analyzed by Dixon’s method.

Table 1. Biometric data, ASA classification, and time intervals for propofol and succinylcholine “wash out”
and from discontinuing desflurane and remifentanil until extubation

Group 1 
(no remifentanil)

Group 2 
(0.1 ��g/(kg min)

remifentanil)

Group 3 
(0.15 ��g/(kg min)

remifentanil)

Group 4 
(0.25 ��g/(kg min)

remifentanil)
Total

Age, years* 54(38-63) 49(33-62) 41(32-66) 49(34-64) 46(34-63)

Height, cm* 172(165-178) 1,729(164-178) 174(164-183) 173(165-181) 173(165-180)

Weight, kg* 84(72-90) 80(65-88) 82(64-89) 73(69-88) 78(69-89)

Female, n 7 5 5 7 24

Male, n 8 10 10 8 36

ASA I, n 8 2 5 4 19

ASA II, n 7 13 10 11 41

Time interval, min (mean � SD)

“Wash out” time 20.5 � 6.3 21.6 � 6.0 24.2 � 8.4 23.7 � 9.9 not applied

Extubation time 8.8 � 4.2 7.9 � 3.4 8.7 � 4.2 8.9 � 5.5 not applied

*Mean (range).



previously shown with fentanyl,4,5 small doses of remifen-
tanil appear to have large effects on desflurane’s MAC.
We found that recovery from anesthesia was not extended
by remifentanil. This is consistent with the results of a
recent study by Billard et al.,6 who analyzed the effects of
various remifentanil dosages in combination with desflu-
rane and N2O. In patients receiving low-dose remifentanil
infusion [0.07 �g/kg/min] to supplement desflurane-N2O
anesthesia for laparoscopic surgery, recovery was even

facilitated compared to desflurane-N2O anesthesia.11

Sebel et al.4 investigated the effects of a single bolus of
fentanyl on recovery in patients receiving desflurane or
isoflurane. They found that in patients with similar fen-
tanyl concentrations at the end of surgery, recovery was
always faster in patients who received desflurane than in
those who receiving isoflurane.

From the data of those patients who did not receive
remifentanil, we determined a median desflurane con-
centration of 7.2 Vol % to avoid movements in response
to surgical incision. Using a comparable study design,
Rampil et al. reported a MAC for desflurane in oxygen of
7.2 Vol % in 18- to 30-year-old patients compared with
6.0 Vol % in 30- to 65-year-old patients. In this study, our
patients’ age ranged from 32 to 66 years. Although we
started with an end-tidal concentration of 6.0 Vol %, the
dosage for subsequent patients in the subgroup without
remifentanil had to be adjusted to 7.2 Vol %. It remains
unclear why our results differ from those reported by
Rampil et al. Differences in pain sensitivity (ie, gender, age,
and ethnic groups) may account for these findings.12-14

No adverse effect on mean arterial pressure and heart
rate were observed in this study. However, heart rate was
reduced by remifentanil in a dose-dependent manner.
This reduction in heart rate may be advantageous
because increasing desflurane concentrations results in
greater sympathetic nervous system activation compared
with other inhaled anesthetics.15

Attention should be paid to some limitations of the
study. MAC determinations are usually performed after
inhalational induction. However, intravenous induction
has been used previously as well, because in current clin-
ical practice this is the preferred induction technique.5

We believe that the effects of propofol and succinyl-
cholin were minimal because MAC determinations were
performed after a mean “wash out” period of more than
20 minutes. Furthermore, the high desflurane MAC of 7.2
Vol % without remifentanil (group A) makes major effects
of the intravenous induction technique unlikely. All
patients were premedicated with oral midazolam and this
may theoretically interfere with the results of this study.
However, it was the intention of our study to analyze the
effects of the combination of desflurane and remifentanil
in a real-world setting. Furthermore, Brosius et al.16

reported no difference in intraoperative BIS values and
recovery parameters between premedicated (oral mida-
zolam) and unpremedicated patients after sevoflurane-
nitrous oxide anesthesia.

MAC reduction findings are important for two reasons.
First, it gives an example how initial target concentrations
should be set. This helps to reduce side effects or adverse
effects.17 It also gives the opportunity to use minimal flow
systems to reach target end tidal concentrations. The
favorable pharmacokinetic of desflurane18 and remifen-
tanil,19-21 which result in short recovery times, enables a
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Figure 2. Course of mean arterial pressure (upper curve)
and heart rate (lower curve).

Table 2. Estimated MAC value and reduction of
MAC desflurane with increasing dosages of

remifentanil by logistic regression

Remifentanil
dosage, ��g/
(kg min)

Estimated 
MAC-value 

desflurane, percent

MAC-reduction
for desflurane,

percent

0.0 7.30 Not applied

0.1 1.91 74

0.15 1.24 83

0.25 0.72 90



potential economic benefit by the rationale use of a com-
bination of these anesthetics.

In summary, we have shown that the combination of
desflurane with remifentanil results in a dose-dependent
reduction of desflurane requirements with stable hemo-
dynamics and without a prolonged recovery from anes-
thesia in a real-world setting.
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ABSTRACT

Objective: The severity of self-reported withdrawal
symptoms varies during detoxification of opioid-dependent
patients. The aim of this study is to identify subgroups of
withdrawal symptoms within the detoxification trajectory
and to predict the severity of withdrawal symptoms on the
basis of drug-related and sociodemographic characteristics.

Design and setting: A prospective study carried out in
an in-patient setting in four addiction treatment centres
in the Netherlands.

Participants: Two hundred opioid-dependent patients
who participated in a randomized controlled trial and
completed more than 75 percent of the administrations of
the subjective opioid withdrawal scales during rapid
detoxification.

Intervention and main outcome measure: Main
outcome measure was the severity of opioid withdrawal as
measured by the subjective opioid withdrawal scale dur-
ing detoxification (18 measurements). Predictor baseline
data were obtained on sociodemographic background,
severity of addiction, psychopathology, personality disor-
der, and craving.

Statistics: Those variables found to be statistically
significant in univariate analyses were entered into
multivariate regression models to predict the severity of
subjective withdrawal.

Results: No distinct subgroups could be identified
despite substantial individual variability throughout the
detoxification trajectory. The multiple regression results
showed only four variables to predict the severity of with-
drawal symptoms: baseline withdrawal symptoms, intra-
venous heroin use in the last 30 days, anxiety, and cluster
C personality disorder. The variance explained by these
sociodemographic variables was low while the largest
amount of variance was explained by baseline with-
drawal symptoms (27 percent).

Conclusions: The results of the present study provide
evidence that the severity of withdrawal symptoms during
detoxification treatment is moderately predicted by the

baseline severity of their withdrawal symptoms and not by
drug- and patient-related characteristics.

Key words: substance dependence, opioid, detoxifica-
tion, withdrawal, prediction

INTRODUCTION

Detoxification is the first step in the treatment of opiate
dependence and is part of a total treatment program aimed
at the maintenance of abstinence. Different kinds of detox-
ification methods are available for opioid-dependent
patients. One of the most widely studied detoxification
methods during the last decade is rapid detoxification. The
benefit of rapid detoxification is that a higher number of
successful detoxifications is attained relative to standard
detoxification but without greater intensity of withdrawal
symptoms. Substantial individual variability in the intensity
of withdrawal symptoms has nevertheless been found.1

Rapid detoxification can be undertaken with minimal
sedation but also under general anaesthesia. General
anaesthesia has been called into question because of the
potential of adverse life-threatening events and the expen-
sive cost. In addition, the results of rapid detoxification
either with or without anaesthesia have been shown to be
comparable in terms of withdrawal severity, abstinence
outcome, and rates of naltrexone induction.2-4

In the study of De Jong et al.,2 clinicians observed
totally different degrees of severity for the withdrawal
symptoms during rapid detoxification. The question does
arose as to whether different subgroups of withdrawal
symptoms can possibly be identified along the detoxifica-
tion trajectory and whether the severity of withdrawal
symptoms can be predicted on the basis of drug-related
and sociodemographic characteristics. Should this be
possible, then clinicians are placed in a position to
improve the individual treatment of withdrawal symp-
toms and plan treatment better.

Factors influencing the severity of opioid withdrawal
symptoms have only been examined in a few studies. Most
of the predictors examined in these opioid detoxification
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studies can be divided into drug-related or person-related
factors. Examples of the first are the type of opioid,5-7 opi-
oid dose,1,8 duration of opioid use,9,10 method of heroin
intake (intravenous vs. smoking),8 and acute versus
chronic cocaine use.11,12 The number of previous detoxi-
fications has only been found to be a significant predictor
in alcohol studies.13,14 A clear-cut relation between sever-
ity of dependence and severity of withdrawal has not
been found,8,9 and no sociodemographic characteristics
of users have been found to relate to withdrawal symp-
toms. Such person-related factors as anticipation of with-
drawal severity and neuroticism have been found to
be associated with withdrawal symptoms.10 Both these
factors are anxiety related and may therefore amplify
withdrawal symptoms. In subjects with an antisocial per-
sonality disorder, withdrawal symptoms have also been
found to be significantly higher than in other subjects.15

Although no studies have examined the associations
between opioid withdrawal and craving, it is generally
assumed that opioid withdrawal is accompanied by a
persistent desire to obtain opioids.16,17

The aim of the present study was twofold: To identify
subgroups of withdrawal symptoms within a detoxifica-
tion trajectory and to predict the severity of withdrawal
symptoms on the basis of drug-related and sociodemo-
graphic characteristics.

METHODS

Participants

Participants were opioid-dependent inpatients of four
addiction treatment centres who participated in a random-
ized controlled trial in which the add-on effect of general
anaesthesia was examined during rapid detoxification
induced by naltrexone.2 The study was approved by the
Dutch Ethical Assessment Committee for Experimental
Investigations on People. The participants met the fol-
lowing criteria: diagnosed as opioid-dependent accord-
ing to DSM-IV criteria, several previous unsuccessful
attempts to become abstinent, clear wish to become
abstinent expressed, older than 18 years, familiar with the
Dutch language, and at least one nonopioid user in 
the social network. Exclusion criteria were: severe somatic
diseases or psychiatric disorders, pregnancy, AIDS, doubts
about the patient’s willingness to cooperate, and con-
traindications for general anaesthesia. Dependence on
other drugs or drug abuse did not constitute exclusion
factors, but withdrawal symptoms from other drugs 
were not expected. Smokers were premedicated with
transdermal nicotine for nicotine withdrawal. In cases of
benzodiazepine dependence, benzodiazepine use was
stabilized before and during opioid detoxification.
Alcohol withdrawal symptoms were treated with
additional benzodiazepines prior to the start of opioid

detoxification. If the patient had used cocaine 48 or fewer
hours prior to detoxification, treatment was not initiated
because of the unpredictable effects of cocaine on the
cardiovascular system during detoxification.

Instruments

13-item subjective opioid withdrawal scale 
(13-item SOWS). The 13-item SOWS is a shorter version
of the SOWS by Handelsman et al.18 and measures com-
mon direct related motoric, autonomic, gastrointestinal,
and musculoskeletal symptoms using 13 items divided
across four subscales.19 Participants rate the presence and
intensity of opiate withdrawal symptoms at the time of
administration along a scale of 0 to 4 (0 � not at all, 1 � a
little, 2 � moderate, 3 � quite a bit, 4 � extreme). The sum
of the scores for the different items constitutes the total
SOWS score with a minimum of 0 and a maximum of 52.

EuropAddiction severity index (EuropASI). The
Dutch ASI20 measures severity of addiction in eight
domains (physical health, work/education/income, alco-
hol, drugs, legal problems, family/social relationships,
psychological/emotional complaints, gambling).

Symptom checklist-90 (SCL-90). The Dutch version
of the SCL-9021 provides an estimate of experienced pathol-
ogy (ie, mental health state) in terms of eight dimensions:
agoraphobia (range 7-35), anxiety (range 10-50), depres-
sion (range 15-75), somatization (range 12-60), insuffi-
ciency of thinking/acting (range 9-45), interpersonal sen-
sitivity (range 18-90), hostility (range 6-30), and sleeping
problems (range 3-15). The total “psychoneuroticism”
score can range from 95 to 450.

Structured Interview for DSM-IV personality
(SIDP-IV). The SIDP-IV is a semistructured interview
that uses nonpejorative questions to assess personality
traits and disorders in terms of the DSM-IV.22 The SIDP-IV
has been shown to have good interrater reliability and
construct validity for opioid-dependent patients.23,24

Visual analogue scale craving (VAS craving).
Using a VAS, participants are asked to rate the extent of
craving for drugs along a 100-mm horizontal line with the
left pole representing no craving at all and the right pole
representing extreme craving. The result is a score along
a continuous scale ranging from 0 to 100.

Desires for drug questionnaire (DDQ). The 
DDQ assesses the degree of desire triggered by both
internal and external drug-related cues (ie, instant
craving) along a seven-point scale. The total score is the
sum of the scores for 14 items and can thus range from
14 to 98.25
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Obsessive compulsive drug use scale (OCDUS).
The OCDUS measures the obsessive-compulsive aspects
of drug use and the experienced general desire for use of
the drug of choice throughout the previous week (general
craving) along a five-point scale. The total score is the
sum score for 13 items and can thus range from 13 to 65.25

Procedure

Participants were randomly assigned to rapid detoxifi-
cation either with or without general anaesthesia. With
the exception of some differences in the naltrexone
schedule and, of course, the general anaesthesia proce-
dure, all of the patients were treated for withdrawal signs
and symptoms using the same medication, dosages, and
schedule for three detoxification days. Medication was
given to sedate; reduce inner restlessness in muscles;
alleviate abdominal discomfort, cramps, and spasms; pre-
vent high blood pressure, nausea, vomiting, and diar-
rhoea; and control anxiety (see Table 1 for medication
schedule). During the subsequent three days of recovery,
the patients were treated on a symptom-triggered basis.2

Both the 13-item SOWS and the VAS craving were
administered twice at baseline (ie, at 12.00 AM and 7.00 PM),
three times on each day of detoxification (ie, at 8.00 AM,
10.00 AM and 7.00 PM), twice during each day of recovery
(ie, at 8.00 AM and 7.00 PM), and also upon discharge (ie, at
2.00 PM). The EuropASI was administered before admis-
sion and the SCL-90, DDQ, and OCDUS were adminis-
tered upon admission.

Analysis

Only those participants who completed the EuropASI
and the SOWS on at least 75 percent of the occasions on
which it was administered (ie, on at least 14 of 18 occa-
sions) were included in the present study. This meant 200
of the original 272 participants. When more than 75 per-
cent of the SOWS scale was completed on a particular
occasion, missing SOWS item scores were imputed using
expectation maximization (EM) techniques.26 After that,
missing SOWS total scores were imputed using EM
because imputation of total scores allows for individual
curve. Analyses were only conducted on the data involv-
ing a fixed treatment schedule and therefore up to the
first day of recovery.

Descriptive statistical analyses were previously under-
taken with respect to the sociodemographic characteris-
tics of the patients and their withdrawal symptoms. No
statistically significant differences were found between
various sociodemographic characteristics and severity of
the withdrawal symptoms for those participants who
received general anaesthesia versus those who did not.2

This meant that the two groups could be merged for sub-
sequent analysis.

A basic mathematical routine (ie, singular value
decomposition: SVD) was used to identify subgroups
during the detoxification trajectory.27 Four outcome vari-
ables measuring severity of opioid withdrawal were
defined in the following manner (see Figure 1):

1. The rate of increase of withdrawal symptoms
from baseline to the maximum score. The increase
is the gradient and expressed in degrees.
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Table 1. Fixed medication schedule during three
detoxification days

Time Medication

8.00 AM Clonidine 0.3 mg

Diclofenac 50 mg

Ondansetron 4 mg

Diazepam 10 mg

Transdermal nicotine (30 mg/20 cm2)

9.00 AM Naltrexone

9.15 AM Octreotide 0.3 subcutaneous

10.00 AM

11.00 AM Clonidine 0.3 mg

Ondansetron 4 mg

Butylscopolamine 20 mg

Diazepam 10 mg

3.00 PM Clonidine 0.3 mg

Ondansetron 4 mg

Butylscopolamine 20 mg

7.00 PM Clonidine 0.3 mg

Ondansetron 4 mg

Butylscopolamine 20 mg

11.00 PM Clonidine 0.3 mg

Ondansetron 4 mg

Butylscopolamine 20 mg

Diazepam 10 mg

If necessary Haloperidol 1-3 mg (against severe anxiety)

Midazolam 5-10 mg (against insomnia)



2. The peak of withdrawal symptoms after nal-
trexone induction.

3. The rate of decrease of withdrawal symptoms
from the maximum score to the first day of
recovery. The decrease is the gradient and
expressed in degrees.

4. The extent of withdrawal symptoms experi-
enced was calculated as the total area under the

curve (AUC) from baseline to the first day of
recovery.

The measures listed in Table 3 were derived from the
different instruments and constituted the independent
variables. To minimize the effects of any outliers, mean
baseline SOWS and VAS craving scores were calculated
on the basis of the two baseline measures and one meas-
ure prior to the administration of the naltrexone on the
first day of detoxification (ie, T3, T4, and T6, see Figure 2).
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Figure 2. Subjective opioid withdrawal symptoms (13-item SOWS) before, during, and after rapid opioid detoxification
(line shows mean; error bars show means �� 1.0 SD).

Figure 1. Four outcome characteristics: (1) gradient of increase withdrawal symptoms, (2) peak, (3) gradient of decrease
withdrawal symptoms, (4) and extent of withdrawal symptoms experienced.



The number of predictor variables was reduced by
testing for significant differences in withdrawal severity
(ie, increasegrad, peak, decreasegrad, and AUC) in univari-
ate regression analyses. Dichotomous variables were
entered as dummy variables. Variables with a p-value of
�0.05 in the univariate analysis were then entered into a
stepwise multivariate regression analysis to evaluate the
importance of each predictor variable (variables entered
model at p � 0.05 and stayed at p � 0.1, two-tailed).
According to Green et al.29 our sample size meets the
minimum requirement for multiple regression analysis
(�109), which depends upon the number of predictor
variable. The statistical software package SPSS 14.0.2 was
used for all the computations.

RESULTS

Participant  characteristics

Participants were 200 opioid-dependent patients (82.0
percent men), with a mean age of 36.0 years (SD � 6.5).
Most of the participants were never married (69.5 per-
cent) and had no education (19.0 percent) or only lower
education (50.5 percent) while 50.3 percent had a full-
time job.

Course  of  withdrawal  symptoms

The mean baseline SOWS level (ie, average for T3 ,T4,
and T6) was 6.35 (SD � 4.86). The peak of withdrawal
severity was reached after the administration of the nal-
trexone on the first day of detoxification (T7: 19.4 (SD �
10.1); T8: 19.3 (SD � 8.7). The patients were discharged
from the addiction centre with a mean SOWS score of 9.1
(SD � 7.7). The standard deviations on all of the meas-
urement occasions were large, which indicates substan-
tial individual variability (Figure 2). And, as already men-
tioned, no substantial differences were found between
those participants who were given general anaesthesia
and those who were not; in fact, the group receiving gen-
eral anaesthesia showed significantly more withdrawal
symptoms than the group not receiving general anaesthe-
sia on two of the 18 measurement occasions although
this finding must be interpreted with caution due to
repeated analysis.

Outcome  measures  for  severity  of  withdrawal

Subgroups of participants with different SOWS pat-
terns during the detoxification trajectory could not be
detected using SVD. SVD revealed only one important
component for the course of withdrawal symptoms, com-
parable with the mean of measurements.

The intercorrelations between the four outcome
measures for severity of withdrawal–the increasegrad

(M � 61.05, SD � 46.07), the peak (M � 25.74, SD �
8.92), the decreasegrad (M � 61.05, SD � 46.07), and the
AUC (M � 49.01, SD � 22.04)–are presented in Table 2.

Factors  associated  with  severity  of  withdrawal

In Table 3, the associations between the independent
variables and outcome measures of withdrawal severity
are presented. Variables significantly associated with one
of the outcome measures were as follows: mean years of
heroin use, intravenous heroin use, anxiety, cluster C
personality disorders, baseline VAS craving, DDQ total
score, and baseline withdrawal symptoms. The multiple
regression model revealed significant contributions of
baseline withdrawal symptoms (R2 � 0.18), intravenous
heroin use during the last 30 days (R2 � 0.04), and Cluster
C personality disorders (R2 � 0.04) to the increasegrad of
withdrawal symptoms while anxiety and mean years
of heroin use were excluded (see Table 4). The peak for
the withdrawal symptoms was found to be associated
with baseline withdrawal symptoms (R2 � 0.08) while
anxiety and VAS craving no longer played a significant
role in multiple regression analysis. The univariate
regression analysis showed only one variable to predict
the decreasegrad of withdrawal symptoms, namely anxiety
(R2 � 0.03). Finally, AUC was associated with both baseline
withdrawal symptoms (R2 � 0.27) and anxiety (R2 � 0.02)
in the multiple regression analysis; VAS craving and DDQ
total score no longer played a role.

Two variables predicting the increasegrad of withdrawal
symptoms were dichotomous variables. Patients using
intravenous heroin during the last 30 days prior to admis-
sion showed a smaller increasegrad (M � 23.94; SD � 82.28)
than patients not using intravenous heroin during the last
30 days (M � 62.60; SD � 43.63). The same was found for
patients with a Cluster C personality disorder (M � 34.28;
SD � 62.35) as opposed to patients with no such person-
ality disorder (M � 63.54; SD � 43.84).
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Table 2. Intercorrelations between outcome
measures of withdrawal severity (AUC �� area

under curve) (n �� 200)

Withdrawal severity Increasegrad Peak Decreasegrad

Peak* 0.16(†)

Decreasegrad 0.11 �0.09

AUC �0.05 0.74(‡) �0.08

*Most of patients had their peak at T7 (36.1 percent), 
T8 (25.5 percent), or T9 (12.0 percent).
†Correlation is significant at the 0.05 level (two-tailed).
‡Correlation is significant at the 0.01 level (two-tailed).
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Table 3. Descriptive statistics for independent variables and univariate associations* with outcome
variables of increasegrad, peak, decreasegrad, and area under curve (AUC)

Characteristics n AUC Peak Increase Decrease

Age, mean (SD) 36.00 (6.47) 200 ns ns ns ns

Male (percent) 82.0 200 ns ns ns ns

Baseline withdrawal symptoms, mean (SD) 6.35 (4.86) 200 0.00 0.00 0.00 ns

Drug use in years, mean (SD)

Mean years heroin 12.09 (5.69) 200 ns ns 0.02 ns

Mean age at first heroin use 20.93 (5.22) 200 ns ns ns ns

Mean years methadone 7.14 (5.51) 200 ns ns ns ns

Mean years cocaine 5.39 (5.73) 200 ns ns ns ns

Drug use last 30 days, mean (SD)

Heroin 18.20 (12.20) 200 ns ns ns ns

Methadone 23.04 (10.97) 200 ns ns ns ns

Cocaine 3.97 (7.29) 200 ns ns ns ns

Alcohol 3.57 (8.81) 200 ns ns ns ns

Benzodiazepine 6.20 (11.37) 196 ns ns ns ns

Heroin use in gram, mean (SD)† 0.81 (0.68) 67 ns ns ns ns

Methadone use in mg, mean (SD)† 35.78 (27.98) 67 ns ns ns ns

Opioid use in mg, mean (SD)‡ 52.39 (44.53) 67 ns ns ns ns

Intravenous heroin use last 30 days (percent) 4 200 ns ns 0.02 ns

Number of previous drugs detoxifications, mean (SD) 2.64 (2.88) 200 ns ns ns ns

Anxiety (SCL-90), mean (SD) 16.38 (6.59) 200 0.00 0.02 0.00 0.02

VAS Craving 22.32 (23.08) 195 0.00 0.02 ns ns

DDQ total score 32.43 (14.71) 199 0.03 ns ns ns

OCDUS total score 34.42 (10.92) 199 ns ns ns ns

Personality characteristics (SIDP-IV) (percent) 148

Cluster A presence 3.4 ns ns ns ns

Cluster B presence 29.1 ns ns ns ns

Cluster C presence 12.8 ns ns 0.01 ns

*p is significant at the 0.05 level (two-tailed).
†Doses are derived from meetings between physician and participant before admission.
‡1 mg of heroin use is translated into 65 mg of oral methadone (1 g of street heroin is roughly equivalent to 50-80 mg oral
methadone28).



DISCUSSION

The aim of this study was to identify subgroups of
withdrawal symptoms during an opioid detoxification
trajectory and to predict the severity of withdrawal symp-
toms on the basis of drug-related and sociodemographic
characteristics. No distinct subgroups could be identified
despite substantial individual variability throughout the
detoxification trajectory. Opioid withdrawal severity was
measured in terms of the rate of increase for the with-
drawal symptoms, the peak of the withdrawal symptoms,
the rate of decrease for the withdrawal symptoms, and
the extent of the withdrawal symptoms. The highest level
of withdrawal (peak) generally occurred on the first day
of administration of the opioid antagonist and was found
to last at least a few days, which is in keeping with the
findings of Gowing et al.30 Multivariate regression analy-
ses showed only five independent variables to predict
one or more of the four severity of withdrawal measures.

Patients who used heroin intravenously during the last
30 days prior to admission showed a smaller rate of
increase in their withdrawal symptoms than patients who
had not. This is in contrast to the findings of Smolka and
Schmidt,8 who found greater severity and duration of
total and maximum withdrawal symptoms in injectors
when compared to smokers. A possible explanation for
these contradictory findings may lie in the relatively small
percentage of intravenous heroin use in the Netherlands
(10 percent of all opioid users) or in the wide range of

medication used in this study instead of abruptly with-
drawn as studied by Smolka and Schmidt.8

The severity of the withdrawal symptoms at baseline
predicted the rate of increase, peak, and extent of the
withdrawal symptoms. Higher baseline withdrawal sever-
ity predicted higher peak symptoms and a greater extent
of withdrawal symptoms but lower rates of increase for
the withdrawal symptoms, which can be explained by
the fact that an increase in withdrawal symptoms is lim-
ited by definition in patients with already higher baseline
levels to start with.

Experienced anxiety predicted the extent of the with-
drawal symptoms, which is in accordance with Philips
et al.10 Contrary to this was the observation of a relatively
faster rate of decrease in the symptoms of withdrawal in
patients with a higher anxiety level at baseline. On the
analysis for peak of the withdrawal symptoms and rate of
increase in withdrawal symptoms, anxiety was dropped
from the multiple regression analyses while the severity
of withdrawal symptoms at baseline remains. This seems
attributable to the strong relation between these two vari-
ables (R � 0.47). The presence of personality pathology
reflecting the anxious-fearful cluster of the DSM-IV (ie,
Cluster C) was associated with a smaller rate of increase
in the withdrawal symptoms of the participants.

As already mentioned, a major association was found
between baseline withdrawal symptoms and anxiety in
the present study. This presumably reflects the fact that
patients may report on not only symptoms of opioid
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Table 4. Results of multiple regression analyses to identify independent predictors of withdrawal severity*

Outcome Predictor R2 B SE �� t p 95 percent CI

Increasegrad Constant 89.93 5.59 16.09 0.00 78.89-100.97

Baseline withdrawal 0.18 �4.04 0.71 �0.41 �5.68 .00 �5.45 to �2.63

Intravenous heroin use 0.22 �48.96 16.01 �0.22 �3.06 .00 �80.60 to �17.31

Cluster C personality disorders 0.26 �28.57 10.18 �0.20 �2.81 .01 �48.69 to �8.46

Peak Constant 22.44 1.02 22.10 .00 20.43 to 24.45

Baseline withdrawal 0.08 0.53 0.13 0.29 4.16 .00 0.28 to 0.78

Decreasegrad Constant 79.16 3.56 22.24 .00 72.14 to 86.18

Anxiety 0.03 �0.49 0.20 �0.17 �2.43 .02 �0.89 to �0.09

AUC Constant 26.95 3.62 7.44 .00 19.81 to 34.09

Baseline withdrawal 0.27 2.00 0.31 0.44 6.38 .00 1.38 to 2.61

Anxiety 0.29 0.58 0.23 0.17 2.50 .01 0.12 to 1.03

*Note increasegrad (F � 16.89, df � 3/144, p � 0.00); peak (F � 17.28, df � 1/193, p � 0.00); decreasegrad (F � 5.88, df � 1/198,
p � 0.02); AUC (F � 39.80, df � 2/191, p � 0.00).



withdrawal but also anticipatory anxiety and a general
increase of stress, as Collins et al.3 have argued. The
strong associations between anticipatory anxiety and
the individual’s autonomic reaction to stress, on the one
hand, and the baseline level of withdrawal severity, on
the other hand, also explain why the baseline level of
withdrawal severity predicts both the peak and extent of
withdrawal symptoms. Higher baseline arousal levels
suggest a more sensitive sympathetic nervous system.
The stress response during withdrawal may thus be the
result of both experienced and expected withdrawal
symptoms (ie, pain). Anxiety is further mediated by two
systems, the hypothalamic-pituitary-adrenal (HPA) sys-
tem and the sympathicoadrenomedullary system (SAS),
which also mediate the cardiovascular system. In other
words, not only subjective experienced anxiety but also
the cardiovascular system is acutely activated, which
results in increases blood pressure, increased heart rate
and dilation of the vascular system. Alcohol and benzodi-
azepine use before admission did not influence with-
drawal severity during baseline and detoxification and
did not correlate with anxiety.

In the present study, patients received a wide range of
medication to prevent withdrawal symptoms and treat
those that occurred. This intervention may explain the
low amount of explained variance by the baseline charac-
teristics of the patients for the peak (8 percent) and
decrease (3 percent) of withdrawal symptoms scores.31 In
contrast, the explained variance in the increase of with-
drawal symptoms and extent of withdrawal symptoms are
higher, respectively, 26 percent and 29 percent, mostly
due to the baseline withdrawal symptoms (respectively,
18 percent and 27 percent). Considering the range of the
SOWS scores from 0 to 52, the withdrawal symptoms dur-
ing rapid detoxification were rather low.

Collins et al.3 reported comparable severities of with-
drawal for both rapid detoxification (with and without
buprenorphine) and clonidine assisted detoxification.
This indicates that generalization of the results to patients
undergoing other types of opioid detoxification should
be possible. Nevertheless, caution should be exercised in
generalizing the results of the present study to other
types of opioid detoxification because the present study
was restricted to patients undergoing rapid detoxifica-
tion. Another limitation of this study is that most patients
are male (82 percent of patients). However, this reflects
the opioid dependent population in the Netherlands.32,33

In sum, the results of the present study provide evi-
dence that the severity of withdrawal symptoms in patients
undergoing opioid detoxification can be predicted by the
baseline severity of their withdrawal symptoms but not
by other patient characteristics. Given that dilation of the
vascular system can cause an increase in the metabolism
of medication, the possibility that medication may be less
effective for the treatment of withdrawal symptoms

should thus be taken into account. Therefore, greater
attention should be paid to the identification (eg, assess-
ment) and management of withdrawal symptoms at base-
line to improve treatment during opioid detoxification.
Higher baseline levels of withdrawal symptoms and anxi-
ety should lead to more rigorous medical treatment to
reduce baseline symptoms of withdrawal and anxiety
and facilitate their prevention and/or treatment during
detoxification. Such an intervention for anxiety reduction
may involve the administration of short acting benzodi-
azepines and the reduction of noradrenergic activity with
the administration of clonidine a few days prior to the
start of detoxification. Caution is needed to provide short
acting benzodiazepines after detoxification, especially
when patients are also codependent on alcohol or
benzodiazepines.

In closing, only phenotypic predictors were studied in
the present study. More research is thus needed in the
future on the influences of various endophenotypic fac-
tors, anticipatory anxiety, and other stress-related factors
on the course of withdrawal symptoms during opioid
detoxification.
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