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IMPORTANCE Opioid use disorder (OUD) is a significant public health problem. Supervised
withdrawal (ie, detoxification) from opioids using clonidine or buprenorphine hydrochloride
is a widely used treatment.

OBJECTIVE To evaluate whether tramadol hydrochloride extended-release (ER), an approved
analgesic with opioid and nonopioid mechanisms of action and low abuse potential, is
effective for use in supervised withdrawal settings.

DESIGN, SETTING, AND PARTICIPANTS A randomized clinical trial was conducted in a
residential research setting with 103 participants with OUD. Participants’ treatment was
stabilized with morphine, 30 mg, administered subcutaneously 4 times daily. A 7-day taper
using clonidine (n = 36), tramadol ER (n = 36), or buprenorphine (n = 31) was then instituted,
and patients were crossed-over to double-blind placebo during a post-taper period. The
study was conducted from October 25, 2010, to June 23, 2015.

MAIN OUTCOMES AND MEASURES Retention, withdrawal symptom management,
concomitant medication utilization, and naltrexone induction. Results were analyzed over
time and using area under the curve for the intention-to-treat and completer groups.

RESULTS Of the 103 participants, 88 (85.4%) were men and 43 (41.7%) were white; mean
(SD) age was 28.9 (10.4) years. Buprenorphine participants (28 [90.3%]) were significantly
more likely to be retained at the end of the taper compared with clonidine participants
(22 [61.16%]); tramadol ER retention was intermediate and did not differ significantly from
that of the other groups (26 [72.2%]; χ2 = 8.5, P = .01). Time-course analyses of withdrawal
revealed significant effects of phase (taper, post taper) for the Clinical Opiate Withdrawal
Scale (COWS) score (taper mean, 5.19 [SE, .26]; post-taper mean, 3.97 [SE, .23]; F2,170 = 3.6,
P = .03) and Subjective Opiate Withdrawal Scale (SOWS) score (taper mean,8.81 [SE, .40];
post-taper mean, 4.14 [SE, .30]; F2,170 = 15.7, P < .001), but no group effects or group × phase
interactions. Analyses of area under the curve of SOWS total scores showed significant
reductions (F2,159 = 17.7, P < .001) in withdrawal severity between the taper and post-taper
periods for clonidine (taper mean, 13.1; post-taper mean, 3.2; P < .001) and tramadol ER
(taper mean, 7.4; post-taper mean, 2.8; P = .03), but not buprenorphine (taper mean, 6.4;
post-taper mean, 7.4). Use of concomitant medication increased significantly (F2,159 = 30.7,
P < .001) from stabilization to taper in the clonidine (stabilization mean, 0.64 [SE, .05]; taper
mean, 1.54 [SE, .10]; P < .001) and tramadol ER (stabilization mean, 0.53 [SE, .05]; taper
mean, 1.19 [SE, .09]; P = .003) groups and from stabilization to post taper in the
buprenorphine group (stabilization mean, 0.46 [SE, .05] post-taper mean, 1.17 [SE, .09];
P = .006), suggesting higher withdrawal for those groups during those periods. Naltrexone
initiation was voluntary and the percentage of participants choosing naltrexone therapy
within the clonidine (8 [22.2%]), tramadol ER (7 [19.4%]), or buprenorphine (3 [9.7%])
groups did not differ significantly (χ2 = 2.5, P = .29).

CONCLUSIONS AND RELEVANCE The results of this trial suggest that tramadol ER is more
effective than clonidine and comparable to buprenorphine in reducing opioid withdrawal
symptoms during a residential tapering program. Data support further examination of
tramadol ER as a method to manage opioid withdrawal symptoms.
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O pioid use disorder (OUD) is a significant public health
problem that costs $8 billion annually in the United
States1,2 and contributes to unprecedented levels of

overdose deaths.3 The most widely accessed treatment for OUD
is medically supervised withdrawal (ie, detoxification),4 a brief
and expedient treatment that can accommodate more pa-
tients per year compared with agonist maintenance treatments5

and is often a patient’s first treatment exposure.
Failure to adequately manage opioid withdrawal symp-

toms contributes to withdrawal treatment attrition.6,7 Opioid
withdrawal is primarily managed by 2 widely used medica-
tions. The first of these is clonidine, an unscheduled adren-
ergic agonist with low abuse liability that suppresses opioid
withdrawal more than placebo8 but less than opioid agonists.9

Clonidine must be administered several times per day and can
produce hypotension and sedation.8 The second medication
is buprenorphine hydrochloride, a partial μ and opioid recep-
tor like-1 receptor agonist and κ antagonist.10 Buprenorphine
suppresses opioid withdrawal comparably to methadone and
superior to clonidine11,12 and is effective with once-daily
dosing.10 However, buprenorphine has known abuse poten-
tial and requires special authorization for use in several coun-
tries, including the United States, where it is a Schedule III
medication that may be prescribed only for OUD treatment by
physicians with specialized waivers; this limitation has slowed
its adoption.13-15

Tramadol hydrochloride is a promising alternative op-
tion for effective OUD treatment. Tramadol is a mild to mod-
erate opioid agonist with low affinity for the μ, κ, and δ opi-
oid receptors and an active metabolite with μ agonist
activity.16-18 The extended-release (ER) formulation of trama-
dol has a long elimination half-life (6-10 hours) that supports
once-daily dosing.19 Tramadol is a Schedule IV drug that has
less abuse liability than other opioid agonists,20,21 and accu-
mulating evidence supports the evaluation of tramadol for opi-
oid withdrawal management. Retrospective reviews, human
laboratory studies, and randomized trials report that trama-
dol suppresses opioid withdrawal symptoms more than
placebo22,23 and clonidine24,25 and is comparable to
buprenorphine26,27 and methadone28,29 without increasing
positive drug effects.22,23

The present study compared the relative efficacy of
clonidine, tramadol ER, and buprenorphine during a random-
ized, double-blind, double-dummy, placebo-controlled opi-
oid withdrawal procedure. The primary study aim was to com-
pare opioid withdrawal suppression ratings during and after
a taper; secondary aims evaluated retention and voluntary in-
duction to naltrexone therapy.

Methods
Participants
Participants (N = 106) were recruited between October 25,
2010, and June 23, 2015. Eligible individuals were between age
18 and 60 years, met DSM-IV criteria for opioid dependence,
provided a urine sample that tested positive on a qualitative
test for opiates (morphine standard) and/or oxycodone or had

evidence of opioid withdrawal by the end of the screening visit,
and had no significant medical and/or psychiatric illnesses.
Participants were excluded for pregnancy, hypotension, physi-
cal dependence on alcohol and/or benzodiazepines that
required treatment, history of seizures, known allergies to
study medications, or current enrollment in opioid agonist
treatment. Three participants were randomized but left
before receiving any study medications and so were omitted
from analyses. The final sample size was 103 individuals with
OUD (Figure 1). The protocol for the trial is available in
Supplement 1.

The Johns Hopkins University Institutional Review
Board approved the study, and all participants provided
written informed consent. Participants received financial
compensation.

Design
General Design
This was a 26- to 28-day residential study separated into 3
phases (eFigure 1 in Supplement 2). Double-blind, double-
dummy medication was prepared by a research pharmacist
who had no participant interaction, and participants and staff
were blinded to participant group assignment. Withdrawal as-
sessments were completed 7 times daily; details are provided
below.

Morphine Stabilization: Phase 1
Participants’ treatment was stabilized with subcutaneous in-
jections of morphine, 30 mg, administered 4 times daily for a
7- to 10-day period. Placebo was substituted for the last 2 mor-
phine doses on the final stabilization day to allow for poten-
tial transition to buprenorphine.

Naloxone Challenge: Phase 1
A naloxone challenge was conducted during the morphine
phase to determine the level of physical dependence for group
stratification. On the challenge day, participants received a
morning dose of morphine, completed baseline withdrawal rat-
ings, and then received a 0.4-mg intramuscular dose of nal-
oxone. Withdrawal ratings were collected at 15-minute inter-
vals for 3 hours, and morphine was administered at the
session’s end.

Key Points
Question What is the relative efficacy of tramadol hydrochloride
extended-release vs clonidine or buprenorphine hydrochloride in
supervised opioid withdrawal settings?

Findings This randomized clinical trial shows that tramadol
extended-release suppressed withdrawal more than clonidine and
comparably to buprenorphine during a double-blind taper and did
not produce a delayed onset of opioid withdrawal after the taper.

Meaning Tramadol extended-release is a Schedule IV medication
that is available generically and can suppress withdrawal
comparably to buprenorphine and superior to clonidine,
suggesting that tramadol extended-release may have clinical value
for the indication of opioid withdrawal suppression.
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Randomization to Study Group
The research pharmacist randomized participants (1:1:1) to re-
ceive clonidine, tramadol ER, or buprenorphine, using an urn
randomization procedure with the following stratification vari-
ables: sex, race (African American/other), CYP2D6 genotype
(extensive/heterozygous, intermediate, ultraextensive poor;
Quest Diagnostics), and peak Clinical Opiate Withdrawal Scale
(COWS) score rating30 (an 11-item measure of opioid with-
drawal symptoms with a possible score range of 0 to 48 and
higher levels indicating more severe withdrawal) with strati-
fication of ≥9 vs <9 from the naloxone challenge session. The
CYP2D6 genotype was included because tramadol is differen-
tially metabolized by polymorphisms of this enzyme.31,32

Taper: Phase 2
Beginning on the first taper day (ie, day 1), participants in-
gested 1 capsule orally 4 times a day that contained either
clonidine, tramadol hydrochloride, or placebo, and four 2-mg–
sized sublingual tablets once daily that contained either bu-
prenorphine hydrochloride or placebo, depending on the study
group. Study medications were tapered down in a double-
blind, double-dummy fashion during days 1 to 7 (Table 1).

Post Taper: Phase 3
Beginning on the first post-taper day (ie, day 8), all partici-
pants were crossed over to placebo capsules and tablets in a
double-blind, double-dummy manner for the duration of the

Table 1. Tapering Schedulea

Study Day
Clonidine,
mg/d

Tramadol
Hydrochloride
ER, mg/d

Buprenorphine
Hydrochloride/
Naloxone, mg/d

Taper period

1 0.4 300 4/1

2 0.8 600 8/2

3 0.6 400 6/1.5

4 0.6 400 6/1.5

5 0.4 300 4/1

6 0.4 300 4/1

7 0.2 200 2/0.5

Post-taper period

8-14 0 (Placebo) 0 (Placebo) 0 (Placebo)

Abbreviation: ER, extended-release.
a Participants’ treatment was

maintained with subcutaneous
morphine, 30 mg, administered 4
times daily during the stabilization
period (days −7 through −1). The
clonidine dose was split between 4
daily administrations; tramadol ER
and buprenorphine were
administered once daily.

Figure 1. CONSORT Diagram

237 Assessed for eligibility

106 Randomized

103 Received ≥1 dose of medication
3 Did not receive ≥1 dose of

medication

131 Excluded
53 Not medically eligible

13 In opioid agonist treatment

25 Chose not to participate
16 Insufficient venous access to

verify medical eligibility

1 Metabolic genotyping not available

11 Alcohol or benzodiazepine
dependence that required treatment

11 Not opioid dependent 

1 Incarcerated

36 Clonidine 36 Tramadol hydrochloride ER 31 Buprenorphine hydrochloride

22 Completed taper 26 Completed taper 28 Completed taper

21 Completed study 21 Completed study 18 Completed study

36 Included in ITT analysis
22 Included in completer analysis

36 Included in ITT analysis
26 Included in completer analysis

31 Included in ITT analysis
28 Included in completer analysis

Participant flowchart from screening
through completion. ITT indicates
intention-to-treat.
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study. A second naloxone challenge session was conducted 3
to 5 days before discharge to verify successful withdrawal from
opioids. Participants who chose naltrexone were provided a
30-day supply on discharge. All participants were referred for
follow-up treatment.

Measures
Study staff completed the COWS.30 Participants completed the
Subjective Opiate Withdrawal Scale (SOWS),33 a 16-item self-
report measure of opioid withdrawal symptoms rated on a
5-point scale from 0 (not at all) to 4 (extremely), with a pos-
sible score range of 0 to 64. Beginning on day 1, participants
also completed a daily drug identification questionnaire to
identify which study medication (eg, clonidine, tramadol ER,
buprenorphine) they believed they were receiving. Pupil di-
ameter was assessed via a pupilometer (NeurOptics Inc).

Adverse events (AEs) were evaluated throughout each day
and rated for study medication association and severity (mild,
moderate, and severe). The study did not differentiate opioid
withdrawal symptoms from AEs.

Medications
Each study day, participants received oral capsules contain-
ing clonidine, tramadol ER, or placebo and sublingual tab-
lets containing buprenorphine or placebo. Active dosing
began on study day 1, and participants did not receive more
than 1 active taper medication. Dose schedules are reported
in Table 1.

The following medications were available for concomi-
tant administration by patient request during the taper and
post-taper phases: milk of magnesia, antacid, loperamide hy-
drochloride, simethicone, ibuprofen, acetaminophen, hy-
droxyzine hydrochloride, and/or diphenhydramine hydro-
chloride. The total number of medications consumed daily
(range, 0-8) was recorded for each participant.

All participants were informed about naltrexone at the be-
ginning of the study. Participants who completed the second
naloxone challenge with no evidence of withdrawal and re-
quested naltrexone were inducted into 50 mg orally daily and
were provided a 30-day supply on study discharge.

Statistical Analysis
This study hypothesized that both tramadol ER and buprenor-
phine would suppress opioid withdrawal symptoms greater
than clonidine and that buprenorphine would suppress with-
drawal more than tramadol ER. A power analysis based on a
previous nonrandomized comparison of clonidine and
tramadol,24 assuming an α level of .05 with 80% power to
detect a moderate effect size (0.29), determined that 40 par-
ticipants per group would detect between-group differences.
Owing to the expiration of placebo buprenorphine tablets, re-
cruitment was terminated after 103 participants (85.8% of the
intended completer sample).

Baseline demographic and drug use characteristics were
compared across groups using the χ2 test for dichotomous vari-
ables and 1-factor models for continuous variables. Retention
was evaluated as being enrolled on the final day of the taper
and the study; each retention outcome was compared across

groups separately as a dichotomous variable with general-
ized estimating equation analyses, using site as a covariate.
To assess the fidelity of study blinding, the mean percentage
of days during the taper phase that participants correctly
identified their medication on the Drug Identification Ques-
tionnaire was compared using 1-factor models. Withdrawal out-
comes were analyzed by medication group and study phase;
the post-taper period was defined as the first 7 days of
placebo dosing. Since COWS, SOWS, and pupil diameter mea-
surements were collected 7 times daily, the peak and nadir val-
ues that represented the most severe rating were identified for
each participant for each study day. The time course of
COWS, SOWS, pupil diameter, and concomitant medications
by group, phase (stabilization, taper, post taper), and
group × phase interactions were compared with Proc Mixed
analyses. Area under the curve (AUC) was also derived for
each participant and modeled as a function of medication
group, phase, and group × phase interactions. Tukey tests
were used for post hoc analyses of between-group differ-
ences to detect an effect of the study medication across
groups, and between-phase differences were used to detect
an effect within the same medication group across phases.
The percentage of participants who chose to be inducted
onto naltrexone was compared across groups with general-
ized estimating equation analyses, using site as a covariate.
Adverse events are described descriptively. All withdrawal
data were evaluated with modified (participants who
received ≥1 study medication dose) intention-to-treat (ITT)
and completers (defined as remaining enrolled on the final
taper day) analyses. Missing data were treated as missing, α
level was set to .05, and models were conducted using Proc
Mixed in SAS, version 9.3 (SAS Institute).

Results
Participants
Of the 103 participants, 88 (85.4%) were men and 43 (41.7%)
were white; mean (SD) age was 28.9 (10.4) years. A total of 96
(93.3%) and 49 (47.9%) participants reported past 30-day use
of heroin and prescription opioids, respectively. There were
no significant between-group demographic differences
(Table 2). A main effect of group on retention (χ2 = 8.5, P = .01)
revealed that buprenorphine participants (28 [90.3%]) were
significantly more likely to be enrolled on the final taper day
than clonidine participants (22 [61.1%], P = .01); tramadol ER
participants did not differ significantly from either group (26
[72.2%]). There were no between-group differences in remain-
ing enrolled on the final study day for clonidine (21 [58.3%]),
tramadol ER (21 [58.3%]), or buprenorphine (18 [58.1%]) par-
ticipants. The study blinding was relatively well maintained
(Table 2). The buprenorphine group correctly identified their
treatment medication more frequently than those receiving
clonidine or tramadol ER.

Observer-Rated Outcomes
Mean peak COWS total score ratings as a function of study phase
are displayed for the ITT group in Figure 2A. Analyses
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revealed a significant main effect of study phase (F2,170 = 3.6,
P = .03). Ratings increased at the start of the taper and then
decreased for all groups and diverged during the post-taper
phase (Figure 2A). A significant main effect of phase (P = .03)
and group × phase interaction (P < .001) was observed in the
ITT COWS AUC analyses (Table 3).

The COWS time-course analyses of completers did not re-
veal any significant main effects or interactions. The AUC analy-
ses of completers revealed a significant main effect of phase
(P < .001) and group × phase interaction (P < .001) (Table 3).

Patient-Reported Outcomes
The pattern observed on the SOWS total score was similar to
that observed for the COWS (Figure 2B). The ITT time-course
analyses revealed a main effect of phase (F2,170 = 15.7, P < .001),
and the AUC analyses revealed a significant main effect of phase
(P < .001) and a group × phase interaction (P < .001) (Table 3).
Post hoc between-group testing of the AUC outcomes indi-
cated that clonidine participants experienced significantly
more severe withdrawal symptoms compared with tramadol
ER (P = .02) and buprenorphine (P < .001) participants dur-
ing the taper but not post-taper phases (eFigure 2A in
Supplement 2). Post hoc between-phase testing of AUC out-
comes revealed that both clonidine (P < .001) and tramadol ER

(P = .03), but not buprenorphine, participants reported sig-
nificant reductions in withdrawal symptoms between the ta-
per and post-taper phases (eFigure 2B in Supplement 2;
Table 3).

Analyses of SOWS total scores among completers re-
vealed a significant main effect of phase in the time course
(F2,143 = 13.0, P < .001) and significant main effect of phase
(P < .001) and group × phase interactions (P < .001) in the AUC
analyses. Consistent with the ITT results, post hoc between-
phase testing of completer AUC outcomes indicated that both
the clonidine (P < .001) and tramadol ER (P = .03), but not
buprenorphine, participants experienced significant reduc-
tions in withdrawal symptoms between the taper and post-
taper phases (eFigure 2).

Pupil Diameter
Intention-to-treat time-course analyses revealed a signifi-
cant main effect of phase (F2,170 = 21.4, P < .001) and
group × phase interaction (F4,170 = 3.5, P = .01) on pupil diam-
eter. Post hoc testing demonstrated that pupil diameter
size increased slightly between the stabilization and the ta-
per (P < .001) and post-taper (P < .001) phases within the
clonidine and tramadol ER groups; the buprenorphine group
experienced increased pupil diameters only in the post-taper

Table 2. Demographic and Drug Use Characteristics; Drug Identification Outcomes

Characteristic

No. (%)

P Valuea
Clonidine
(n = 36)

Tramadol
Hydrochloride ER
(n = 36)

Buprenorphine
Hydrochloride
(n = 31)

Demographic characteristics

Age, mean (SD), y 41.5 (10.5) 40.9 (9.7) 41.1 (1.9) .97

Menb 30 (83.3) 31 (86.1) 27 (87.1) .90

Raceb

African American 20 (55.6) 19 (52.7) 19 (61.3)

.36White 14 (38.9) 17 (47.2) 12 (38.7)

Otherc 2 (5.6) 0 0

Hispanicb 1 (2.8) 3 (8.3) 1 (3.2) .48

Never married 24 (66.7) 20 (55.6) 22 (71.0) .38

Unemployed 33 (91.7) 33 (91.7) 30 (96.8) .54

Cigarette smoker 30 (83.3) 29 (80.6) 27 (87.1) .78

Drug use characteristics

Past 30-d use

Heroin 34 (94.4) 34 (94.4) 28 (90.3) .79

Years of use, mean (SD), y 9.9 (9.4) 11.9 (9.0) 13.3 (1.5) .34

Prescription opioids 15 (41.7) 17 (47.2) 17 (54.8) .49

Years of use, mean (SD), y 0.64 (1.3) 1.4 (2.8) 1.8 (3.1) .15

CYP2D6 metabolite profile

Extensive/heterozygous extensive 28 (77.8) 27 (75.0) 23 (74.2)

.84
Intermediate 3 (8.3) 5 (13.9) 4 (12.9)

Ultraextensive 2 (5.6) 0 0

Poor 3 (8.3) 4 (11.1) 4 (12.9)

Drug identification outcomesd

Clonidine 41 (23.7) 39 (20.0) 23 (11.6) .12

Tramadol 40 (23.1) 66 (35.3) 38 (19.20) .07

Buprenorphine 91 (52.6) 82 (43.9)e 137 (69.2)e .05

Abbreviation: ER, extended release.
a Values based on χ2 tests for

dichotomous variables and Proc
Mixed analysis for continuous
variables.

b Sex, race, and ethnicity
determinations were based on
participant self-report.

c Unspecified or Native American.
d Mean percentage of days that

participant identified medication
during the taper phase.

e Significant between-group
difference.
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period. The AUC analyses of pupil diameter among ITT par-
ticipants revealed significant main effects of phase (P < .001)
and a group × phase interaction (P < .001) (Table 3).

Time-course analyses of completers also revealed a sig-
nificant main effect of phase (F2,143 = 27.3, P < .001) and a
group × phase interaction (F4,143 = 3.8, P = .005) on pupil di-
ameter in the same directions as the ITT analyses. The AUC
analyses of pupil diameter among completers also revealed a
significant main effect of phase and a group × phase interac-
tion (Table 3).

Concomitant Medications
The number of concomitant medications used was relatively low
overall. The ITT time-course analyses revealed different pat-
terns of use as a function of phase (F2,158 = 25.7, P < .001), but
not group. Post hoc testing indicated that the clonidine (P < .001)
and tramadol ER (P = .003) groups used significantly more
concomitant medications during the taper phase, whereas bu-
prenorphine participants used significantly more concomi-
tant medications during the post-taper phase (P = .006), com-
pared with the stabilization phase. A nonsignificant trend was
also observed whereby clonidine participants consumed more
medications compared with buprenorphine participants dur-
ing the taper phase (P = .07). Overall, participants in each group
consumed, on average, between 0 and 2 medications per day
during the taper and post-taper phases. The completer results
followed a similar pattern; Table 3 summarizes the results of the
AUC concomitant medication analyses.

Naltrexone Induction
No significant between-group difference was observed in the
percentage of participants from the clonidine (8 [22.2%]), tra-

madol ER (7 [19.4%]), or buprenorphine (3 [9.7%]) groups who
were eligible for and voluntarily began naltrexone treatment
(χ2 = 2.5, P = .29).

Adverse Events
A full list of AEs is presented in the eTable in Supplement 2.
Approximately 50.0% to 55.6% of participants in each
experimental group reported an AE, and no serious AEs
were reported. The most common AEs were symptoms of
opioid withdrawal, including muscle aches and pains (46
participants [44.7%]), rhinorrhea (45 [44.7%]), diarrhea (42
[40.0%]), headache (41 [39.8%]), and insomnia (41 [39.8%]).

Discussion
This study compared tramadol ER with clonidine and
buprenorphine for opioid withdrawal symptom manage-
ment in patients with OUD. Results show that tramadol ER
produced retention and withdrawal suppression greater
than clonidine and comparable to buprenorphine during a
7-day taper and was associated with less severe withdrawal
symptoms relative to buprenorphine in the post-taper
period. No significant between-group differences in naltrex-
one induction were identified, although induction was not
mandatory. These data empirically support the use and fur-
ther evaluation of tramadol ER for medically supervised
opioid withdrawal.

Tramadol ER produced results that were similar to those
of buprenorphine in several study outcomes, which sup-
ports its further evaluation for use in opioid withdrawal
symptom management. Results are tempered by the high

Figure 2. Withdrawal Time Course
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Data represent mean peak ratings from the modified intention-to-treat (ITT)
analyses as a function of study day. A, Clinical Opiate Withdrawal Scale (COWS)
(an 11-item measure of opioid withdrawal symptoms with a possible score range
of 0 to 48). B, Subjective Opiate Withdrawal Scale (SOWS) (a 16-item self-report
measure of opioid withdrawal symptoms rated on a 5-point scale from 0 [not at
all] to 4 [extremely], with a possible score range of 0 to 64). Group values were

collapsed during the stabilization period (days −7 through −1) before
randomization to study group. Study day 1 represents the first day of study
medication dosing. Active dosing occurred during the taper period (days 1-7)
and is designated with filled symbols; double-blind placebo dosing occurred
during the post-taper period (days 8-14) and is designated with open symbols.
Error bars represent SE.
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rates of relapse generally associated with supervised with-
drawal relative to maintenance treatments, and epidemio-
logic evidence that tramadol is abusable.34 Furthermore, in
the United States, tramadol ER was recently moved from an
unscheduled medication to Schedule IV, which adds com-
plexity in its use for opioid withdrawal suppression. Addi-
tional studies evaluating tramadol ER’s effectiveness in
patients with more severe withdrawal than what was seen
here, as well as outpatient treatment settings and in combi-
nation with extended care to mitigate the risk of overdose,
are necessary to validate use of this medication as an OUD
treatment.

Between the taper and post-taper phases, SOWS with-
drawal ratings decreased among clonidine and tramadol ER
participants but remained the same or slightly increased for
buprenorphine participants; this outcome was mirrored with
increases in concomitant medications during these periods.
Together, these findings suggest that buprenorphine partici-
pants experience continued withdrawal following the
removal of buprenorphine. Although a delayed onset of with-
drawal has been previously reported following buprenor-

phine withdrawal,11,35 it is notable that this pattern was not ob-
served in the other groups. Up to 70% of patients in primary
care undergoing buprenorphine withdrawal relapse within 30
days,36 preventing induction to naltrexone and increasing the
risk of overdose due to changes in tolerance.37 These data call
for further research into the contribution that withdrawal
symptoms in the days following removal of buprenorphine may
have on opioid relapse and transition to naltrexone. Partici-
pants treated with tramadol ER in this study did not report an
increase in withdrawal symptoms in the post-taper period, sug-
gesting that tramadol ER should be evaluated as a method to
facilitate patient transition to naltrexone or agonist mainte-
nance more generally.

The doses of tramadol ER used here (up to 600 mg/d) are
higher than recommended for the treatment of chronic pain
(300 mg/d). Although these increased doses may be appro-
priate for patients with high levels of opioid tolerance, addi-
tional research establishing effective doses in samples with
varying levels of opioid physical dependence is needed, as
higher doses increase the risk for non-opioid–related AEs.
Tramadol is also contraindicated for concomitant use with

Table 3. AUC Primary Outcomes

Outcome

Mean (SD)

Group P Value Phase P Value
Group
× Phase P Value

Taper Phase Post-Taper Phase

Clonidine

Tramadol
Hydrochloride
ER

Buprenorphine
Hydrochloride Clonidine

Tramadol
ER Buprenorphine

ITT Analyses

No. 36 36 31 36 36 31 F2,99 F2,159 F4,159

Observer rated

COWS total
scorea

6.0 (0.4) 4.6 (0.3) 4.9 (1.8) 3.4 (0.3) 3.2 (0.3) 5.6 (1.6) 0.7 .52 14.6 <.001 6.3 <.001

Patient reported

SOWS total
scoreb,c

13.1 (1.9) 7.4 (0.9) 6.4 (1.0) 3.2 (0.9) 2.8 (0.6) 7.2 (1.4) 1.5 .22 17.7 <.001 10.6 <.001

Pupil diameter,
mm

6.2 (0.1) 6.4 (0.2) 5.9 (0.2) 6.3 (0.2) 6.1 (0.2) 6.1 (0.2) 0.03 .97 62.8 <.001 9.6 <.001

Concomitant
medication
(range, 0-8)

1.6 (0.2) 1.2 (0.2) 0.9 (0.2) 1.0 (0.2) 1.0 (0.2) 1.2 (0.2) 1.1 .33 30.7 <.001 3.6 <.01

Completer Analysesd

No. 22 26 28 22 26 28 F2,72 F2,143 F4,143

Observer rated

COWS total
score (range,
0-48)

5.2 (0.5) 4.5 (0.4) 4.9 (1.8) 3.4 (0.3) 3.2 (0.2) 5.6 (1.5) 0.7 .52 8.2 <.001 4.3 <.001

Patient reported

SOWS total
score (range
0-64)

10.6 (2.2) 6.9 (1.1) 6.4 (1.0) 3.2 (0.9) 2.8 (0.7) 7.2 (1.4) 0.6 .54 13.0 <.001 7.3 <.001

Pupil diameter,
mm

6.0 (0.2) 6.5 (0.2) 5.9 (0.2) 6.3 (0.2) 6.1 (0.2) 6.4 (0.2) 0.1 .90 70.4 <.001 10.4 <.001

Concomitant
medication
(range 0-8)

1.6 (0.2) 1.1 (0.2) 0.9 (0.2) 1.0 (0.2) 1.0 (0.2) 1.2 (0.2) 0.9 .40 25.5 <.001 3.5 <.01

Abbreviations: AUC, area under the curve; COWS, Clinical Opiate Withdrawal
Scale; ER, extended release; ITT, intention to treat; SOWS, Subjective Opiate
Withdrawal Scale.
a An 11-item measure of opioid withdrawal symptoms with a possible score

range of 0 to 48 and higher levels indicating more severe withdrawal.30

b A 16-item self-report measure of opioid withdrawal symptoms rated on a

5-point scale from 0 (not at all) to 4 (extremely), with a possible score range of
0 to 64.33

c Post hoc testing revealed that all 3 groups differed significantly from each
other. Comparisons based on Proc Mixed analyses.

d Completers defined as being present on the final taper day.
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medications that induce/inhibit CYP3A4 and CYP2D6 en-
zymes, and coadministration could result in increased serum
levels of tramadol and its metabolite in a manner that could
increase the risk of opioid agonist and other AEs.

Limitations
Both extended inpatient and opioid withdrawal studies make
participant recruitment challenging, and this study also had
limited inpatient research resources that resulted in the study
being underpowered. This limitation could explain why the
COWS results trended but did not reach the same signifi-
cance as the SOWS results. However, the clonidine and bu-
prenorphine group outcomes are consistent with those of pre-
vious studies,9 and self-reported withdrawal symptoms are
better indicators of patient retention in treatment than ob-
server ratings,38 which increases the value of the SOWS re-
sults. In addition, withdrawal symptom levels in this study
were mild, although they are consistent with those observed
in other taper studies.11 Differences in taper completion rates
between the tramadol ER (72.2%) and buprenorphine (90.3%)

groups, as well as voluntary naltrexone induction, may also
have reached statistical significance with more participants.
Finally, a primarily male sample and lack of specific informa-
tion regarding past 30-day use of other illicit drugs and alco-
hol also limit the study and its conclusions.

Conclusions
Tramadol ER produced the same level of treatment retention
and opioid withdrawal symptom suppression as buprenor-
phine. Tramadol ER is a Schedule IV medication that can be
administered once a day and has lower abuse liability than
other opioid agonists. These data suggest that tramadol ER is
a promising and valuable medication for the management of
opioid withdrawal in patients undergoing treatment for OUD.
Future studies should evaluate whether relapse varies follow-
ing supervised withdrawal with tramadol ER vs other medi-
cations and whether tramadol ER can be used to transition pa-
tients to naltrexone treatment.
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