
Ondansetron Does Not Reduce Withdrawal in Patients with 
Physical Dependence on Chronic Opioid Therapy

Larry F. Chu, MD,MS1, John Sun, BS1, Anna Clemenson, BA,BS,RN1, Matthew J. 
Erlendson, BA1, Tom Rico, BS1, Erika Cornell, BS1, Hannah Obasi, BA1, Zahra N. Sayyid, 
BS1, Ellen M. Encisco, BA1, Jeff Yu, BA1, Jamison G. Gamble, MPH1, Ian Carroll, MD,MS1, 
and J. David Clark, MD,PhD2

1Stanford University School of Medicine, Department of Anesthesiology, Perioperative, and Pain 
Medicine, Stanford, CA

2Veterans Affairs Palo Alto Healthcare System, Palo Alto, CA

Abstract

Objectives—Individuals taking opioids for an extended period of time may become physically 

dependent, and will therefore experience opioid withdrawal should they stop taking the 

medication. Previous work in animal and human models has shown that the serotonin (5-HT3) 

receptor may be implicated in opioid withdrawal. In this study, we investigated if ondansetron, a 5-

HT3-receptor antagonist, could reduce the symptoms of opioid withdrawal after chronic opioid 

exposure in humans.

Methods—In this double-blinded, randomized crossover study, thirty-three chronic back pain 

patients (N=33) were titrated onto sustained-release oral morphine for 30 days. Following titration, 

participants attended two study sessions, one week apart, in which opioid withdrawal was induced 

with intravenous naloxone, with or without 8mg intravenous ondansetron pretreatment. Opioid 

withdrawal symptoms were assessed by a blinded research assistant (objective opioid withdrawal 

score - OOWS) and by the research participant (subjective opioid withdrawal score - SOWS).

Results—Clinically significant signs of withdrawal were observed during both the ondansetron 

(ΔOOWS = 3.58 ± 2.22, p < .0001; ΔSOWS = 12.48 ± 11.18, p < .0001) and placebo sessions 

(ΔOOWS = 3.55 ± 2.39, p < .0001; ΔSOWS = 12.21 ± 10.72, p < .0001), but no significant 

differences were seen between the treatment sessions in either the OOWS or SOWS scores.

Conclusion—We hypothesized that ondansetron would reduce opioid withdrawal symptoms in 

human subjects, but found no difference in withdrawal severity between ondansetron and placebo 

sessions. These findings suggest that more investigation may be necessary to determine if 5-HT3-

receptor antagonists are suitable treatment options for opioid withdrawal.
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Introduction

Prescription opioids are a commonly used therapy for management of moderate to severe 

pain. Consequently, they are currently the most prescribed class of medications in the United 

States. While opioids can effectively control chronic pain, their utility is limited by their 

high potential for misuse. It is estimated that one-fourth of all 18- to 25-year-olds will 

misuse prescription opioid analgesics in their lifetime. Opioid addiction is a growing 

concern, with a 300% increase in opioid prescriptions between 1999 and 2010 (Batses & 

Brennan, 2013). Prescription opioid misuse is also a significant economic burden with costs 

totaling $78.5 billion in the United States in 2013 alone (Florence et al., 2016). Addressing 

the components of opioid dependence is a necessary step in decreasing the public health and 

economic burdens associated with opioid therapy.

Opioid withdrawal (OW) is a physiological withdrawal state that occurs upon reduction or 

cessation of opioid use after physical dependence has developed. OW symptoms include 

hyperalgesia, insomnia, tachycardia, fever, chills, and other flu-like symptoms. The severity 

of OW symptoms is a major contributor to the addictive potential of prescription and illicit 

opioids, as users continue taking the drugs to avoid withdrawal symptoms. Several 

medications are currently available for the treatment of OW, including clonidine, methadone, 

and buprenorphine. However, each of these treatments is limited by significant drawbacks, 

including severe side effects, narrow therapeutic windows and their own potential for 

misuse.

Although current methods of treating OW are problematic, recent studies have identified a 

novel therapeutic target. Our pilot study demonstrated that in an acute human physical 

dependence model, pretreatment with the 5-HT3 receptor antagonist (5-HT3-RA) 

ondansetron, used to treat chemotherapy-associated nausea and vomiting, reduced objective 

measures of OW by up to 76 percent in humans (Chu et al., 2009). 5-HT3-RAs are an ideal 

candidate for OW treatment because they are a non-opioid, non-addicting medication with a 

wide therapeutic window and low side effect profile. Moreover, 5-HT3-RAs could be 

employed safely in non-monitored outpatient settings. Haplotype-based computational 

genetic mapping in mice demonstrated that morphine-induced physical dependence is 

associated with decreased 5-HT3 protein expression and down-regulation of the Htr3a gene, 

which encodes subunit A of the 5-HT3 receptor in brainstem nuclei (Chu et al., 2009). Here, 

we investigated in this double-blinded, randomized, placebo-controlled crossover study 

whether acute ondansetron infusion could reduce the objective and subjective measures of 

opioid withdrawal in subjects taking morphine for chronic back pain.

Methods

Study Participants

Chronic back pain patients were recruited from the San Francisco Bay Area via recruitment 

posters, newspaper advertisements, and radio and television announcements. Patient history, 

physical examination, and the Opioid Risk Tool (ORT) (Webster & Webster, 2005) were 

administered during the patient intake exam to ensure that each subject met study inclusion 

criteria, were able to tolerate the OW protocol and were at no or low risk for addiction. 
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Study measure data was collected by TR, EC, HO, EE, ME, JS, ZS, and AC; patient history 

and physical exam were conducted by LC; vital signs were collected by the study nurse. A 

board-certified addiction expert and chronic pain physician were available for consultation 

regarding patients to be included in the study. Patients at high risk for addiction (ORT score 

higher than 8) were excluded and patients with medium risk (ORT score of 4 to 7) were then 

evaluated using the Screener and Opioid Assessment for Patients with Pain-Revised 

(SOAPP-R). Eligible patients exhibited nonmalignant moderate to severe chronic low-back 

pain defined as average visual analogue scale (VAS; Price et al., 1983) ≥ 4 (on a scale of 1–

10) for the previous two weeks and pain for the past six months currently treated with up to 

40 mg morphine equivalents per day. Patients were then excluded if their SOAPP-R score 

was ≥11. Overall exclusion criteria included: a) history of cardiovascular disease, b) history 

of peripheral neuropathic pain, scleroderma, or other condition that would preclude cold 

water forearm immersion, c) history of addictive disease, d) chronic low-back pain lasting 

less than 6 months, e) history of cardiac arrhythmia, f) history of hepatic disease, g) use of 

steroid or nerve-stimulating medications, h) any condition precluding opioid use, and i) 

pregnancy.

Patient history and physical exam were conducted to look for the “red flags” of chronic back 

pain and to identify and exclude patients with neurological complications (Cohen et al., 

2008). In particular, the physical exam used the following tests to identify possible 

neurological complications: straight leg raise tests, examination of hips, palpation of the 

back, trunk strength (time flexors and extensors maintain isomeric contraction), and walking 

on toes and heels (Carragee & Hannibal, 2004; Atlas & Nardin, 2003; Malliou et al., 2006; 

Jensen, 2004; Clark, 2002). If patients exhibited any abnormal findings they were excluded 

from the study and were referred to see their primary physician for further management.

This study was registered in the clinicaltrials.gov database (NCT01549652). The 

Institutional Review Board (Stanford University) approved this protocol (NIH # 19821). 

Prior to study enrollment written informed consent was collected from all participants.

Titration

Before starting study medications baseline data for all measures of the study sessions were 

assessed: Beck Depression Inventory (Beck et al., 1961), Roland-Morris Disability 

Questionnaire (Roland & Morris, 1983), State-Trait Anxiety Inventory (Speilberger et al., 

1970), Brief Pain Inventory (Tan et al., 2004), Profile of Mood States (McNair et al., 1971), 

Objective Opioid Withdrawal Scale (Handelsman et al., 1987), Subjective Opioid 

Withdrawal Scale (Handelsman et al., 1987), and vitals. Afterwards, subjects underwent a 

titration protocol to either begin, or switch from their current opioid regimen to sustained-

release oral morphine (Purdue Pharma, Stamford, CT, 2007), starting at 30 mg/day and 

increasing by 15 mg/day every 2 days until 1) adequate analgesia was achieved, 2) side 

effects limited further titration, or 3) the maximum dose of 120 mg/day was reached. To 

facilitate adherence to this protocol subjects recorded least, average, and worst pain scores 

on a 0–10 scale and rated any potential side effects such as sedation, nausea, vomiting, light-

headedness, dry mouth, and loss of appetite. Researchers contacted participants daily to 

discuss pain levels and side effects; a physician adjusted the dose of opioid medication as 
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necessary. Researchers continued daily contact until pain was well treated or the maximum 

tolerated dose of opioid medication was achieved. This protocol was safe and reasonably 

well tolerated. Complaints of nausea or vomiting were treated by reducing the dose of opioid 

medication and/or treating with 10 mg doses of metoclopramide (Schwarz Pharma Mfg., 

Inc., Seymour, IN, 2004). Docusate sodium 100 mg soft gel capsules (Apothecon 

Pharmaceuticals Pvt. Ltd., Vadodara, Gujarat, India, 1993) were given for complaints of 

constipation associated with opioid use, as well as instruction to increase water intake. After 

the last study session was completed, patients were titrated back to their original starting 

dose, either to their previous prescription opioid regimen or back to no opioids. The final 

titration was closely monitored in the same fashion as initial titration, reducing 15mg/day 

every two days. A registered nurse supervised the final titration schedules and alerted the PI 

and addiction expert to any adverse events or side effects. In rare instances where subjects 

showed mild OW symptoms, titration off the opioid was slowed down.

Study Sessions

Following one month of oral morphine therapy subjects participated in two study sessions 

one week apart. Thirty minutes prior to naloxone challenge, participants were randomized to 

receive pre-treatment of either ondansetron (Hospira, Inc., Lake Forest, IL, 2004) (8mg) or 

placebo (0.9% saline solution, Hospira Inc., Lake Forest, IL, 2004) during the first 

withdrawal study session and the opposite pre-treatment during the second withdrawal study 

session one week later. The T-Max (time to reach C-Max, lowest concentration of a drug 

before the next dose is administered) of 8mg intravenous ondansetron is 7 minutes, thus we 

concluded that thirty minutes would be sufficient time to allow the ondansetron to take full 

effect (Simpson & Hicks, 1996). Intravenous ondansetron was selected over oral 

administration, as the intravenous route is the most reliable method to quickly establish 

precise serum plasma levels of ondansetron in a clinically relevant manner prior to 

precipitated OW. Furthermore, Colthup et al. (1991), found no difference in the mean half-

life of ondansetron between oral and intravenous 8mg administration. A single, 8mg dose of 

ondansetron was selected, as only one opportunity to induce withdrawal existed per study 

session. Studying multiple doses or a dose response would have necessitated prolonged 

exposure to opioids and more than two withdrawal sessions which was determined to be 

unfavorable for study participants.

Prior to naloxone administration, participants were informed of the effects of naloxone and 

what they should expect to experience during withdrawal induction, for example, flu like 

symptoms. OW was induced with 0.4mg/70kg IV naloxone (Hospira, Inc., Lake Forest, IL, 

2004) which was selected based on the work of Compton et al. (2003), in which IV naloxone 

challenge in an acute physical dependence model using healthy volunteers was shown to 

produce transient and dose-dependent OW symptoms. If significant withdrawal symptoms 

were not observed (OOWS score < 6) after first naloxone dose, subjects were given a second 

0.8mg/70kg IV naloxone dose. Between these two study sessions, participants returned to 

their titrated dose of morphine. Overall study and session timeline are illustrated in Figure 1.
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Data Collection

The following data points were measured at a baseline session before morphine titration as 

well as at both withdrawal study sessions (ondansetron or placebo). All data was collected at 

the Stanford University School of Medicine.

Primary Outcome Measure: Objective Opioid Withdrawal Scale (OOWS)—
Originally developed by Handelsman et al. (1987), the OOWS score is a well-characterized 

measure of OW in humans. The OOWS is a 13-item instrument documenting physically 

observable signs of withdrawal, which are rated as present (1) or absent (0) during the 

observation period. The instrument was completed by a trained research assistant who was 

blinded to study design, treatment assignment and stage of study. OOWS was assessed five 

or seven times during the study sessions: twice before pretreatment, 15 minutes after 

pretreatment, and 2 and 15 minutes after one or two naloxone administrations. Second 

naloxone administration was given if OOWS score < 6 after first naloxone administration.

Secondary Outcome Measures—Several secondary surveys were implemented to 

assess other signs and symptoms of opioid withdrawal. The SOWS score is composed of 16 

subjective symptoms rated on a scale of 0 to 4 (0=not at all, 4=extremely) based on what 

subjects were experiencing at the time of testing. An additional subjective measure of mood 

was taken through the Profile of Mood States (POMS), which has been associated with OW 

(Price et al., 1975). SOWS and POMS were assessed five or seven times during the study 

sessions: twice before pretreatment, 15 minutes after pretreatment, and 2 and 15 minutes 

after one or two naloxone administrations.

The Beck Depression Inventory is a self-report questionnaire measuring the severity of 

depression and yields a single score between 0 and 63; higher scores indicate more severe 

depression. The Roland-Morris Questionnaire asks about how back pain affects their daily 

activities. The State-Trait Anxiety Inventory is a 40-question assessment of anxiety and 

mood. The Brief Pain Inventories (Short Form) is a 9-item multi-dimensional pain and 

functionality survey (Cleeland, 1989). These four surveys were completed at the beginning 

of each study session. OOWS & SOWS have both been shown to be sensitive tools in the 

measurement of withdrawal scores in opioid users (Sarkar et al., 2016; Chu et al., 2009).

Physical vital signs—Heart rate (HR), respiratory rate (RR) and pupil diameter (PD) 

before & changes after precipitated OW were measured. Heart rate was monitored by 

electrocardiogram and respiratory rate was counted by direct observation over a period of 

thirty seconds. Pupil diameter was measured using a research-caliber digital automated 

pupillometer (PRL-200, NeurOptics). Vital signs were measured at the same five or seven 

time points as OOWS and SOWS.

Statistical Analysis

Statistical analysis was performed using SAS® software version 9.4 (SAS Institute, Cary, 

NC). Students’ t-tests for paired samples with Bonferroni correction for multiple 

comparisons were used to compare differences between the outcome measures (OOWS, 

SOWS, POMS) for crossover treatment arms (placebo vs. ondansetron). A Students’ t-test 
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for paired samples was used as only a single post-naloxone withdrawal time point (15 

minutes) was selected for analysis. This single time point was selected based on the work of 

Compton et al. (2004) who noted increased severity of objective and subjective withdrawal 

symptoms on physiological parameters at 15 minutes compared to 5 minutes. We tested for 

carryover effects between study sessions using Grizzle’s 2-stage model (Senn, 1993). As no 

carryover effect was detected, the pooled data from all periods was used to estimate the 

treatment effect.

Assigned participant numbers for patients who discontinued the study at any point in time 

were carried over to the next enrolled participant (e.g. patient 10 discontinues the study and 

the next patient to enroll in the study is assigned patient number 10a and so on.) Completer 

analysis was conducted as data from discontinued participants was not used in the final 

analysis.

Sample Size Calculation—Our sample size analysis was based on data from a 

preliminary study in which we compared changes in OOWS scores after naloxone-

precipitated opioid withdrawal with either ondansetron or placebo pretreatment. The 

differences in OOWS scores for ondansetron vs. placebo pretreatment were computed for 

each patient. From these scores the mean and standard deviation were computed. To 

compute the sample size, we aimed for a 20% change in OOWS score for the treatment 

effect, with a power of 80% and an alpha of 0.05, yielding a target of 33 patients.

Results

Patient demographics and baseline characteristics

Of the 57 patients initially enrolled in the study, 20 males and 13 females (n=33) completed 

the study (Table 1, Table 2, Figure 2). Data from participants who discontinued the study 

were not included in the final analysis. Failure during morphine titration was broadly 

defined and included individuals who could not maintain the required dose during the 30 

days, those who preferred their old medication and switched back, those who did not achieve 

adequate analgesia or those who left the study during the titration period. Discontinued 

participants included 17 males and 7 females made up of 22 Caucasian and 2 Asian 

participants. Mean age (46.3 years), weight (96.1kg) height (174.1cm), baseline Beck 

Depression Inventory score (4.58) and baseline Roland-Morris score (8.66) were noted for 

discontinued participants.

Mean pre-existing opioid dose for opioid users (n = 31) was 21.3 ± 13.2 mg morphine 

equivalents/day. Pre-existing opioid dose was not found to have an effect on treatment 

outcomes. Baseline average pain as measured by VAS score (scale 1–10) was 5.12 ± 1.24. 

Baseline degree of disability as measured by the Roland-Morris Disability Index (scale 1–

24) was 6.97 ± 4.03. Baseline Beck Depression Inventory was 4.36 ± 4.23. (Table 1)

The mean number of 15mg morphine pills taken over the course of the study was 173.1 

± 74.2. The final mean dose of morphine achieved was 89.0 ± 31.9 mg/day for a mean of 

39.3 ± 3.9 days. A total of 2 patients maintained 30 mg/day, 3 maintained 45 mg/day, 5 

maintained 60 mg/day, 2 maintained 75 mg/day, 3 maintained 90 mg/day, 3 maintained 105 

Chu et al. Page 6

J Addict Med. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



mg/day and 12 maintained 120 mg/day. Data on opioid dose was not available for 3 patients. 

No adverse events occurred during the course of the study.

Primary outcome measures

Objective Opioid Withdrawal Scale (OOWS)—Patients demonstrated clinically 

significant signs of withdrawal during both the ondansetron (Δ OOWS = 3.6 ± 2.2, p < .

0001) and placebo sessions (Δ OOWS = 3.6 ± 2.4, p < .0001) as measured by OOWS. No 

significant differences were observed between the ondansetron and placebo sessions in 

either the OOWS withdrawal scores (p = 0.87) or OOWS pre-withdrawal scores (p = 0.77; 

Figure 3A). Sixteen participants did not display sufficient signs of withdrawal (OOWS score 

<6) after the first dose of naloxone (0.4 mg/70kg). These sixteen participants consented to 

receive a second dose of naloxone (0.8 mg/70kg), which then produced an OOWS score of ≥ 

6 indicating sufficient withdrawal for study purposes; there was no statistically significant 

difference in OOWS scores between the two sessions. Individual analysis of each OOWS 

subcategory showed no statistical difference between ondansetron and placebo withdrawal 

sessions (Figure 3B).

Secondary Outcome Measures

Subjective Opioid Withdrawal Scale (SOWS)—Participants reported clinically 

significant symptoms of withdrawal during both the ondansetron (Δ SOWS = 12.5 ± 11.2, p 

< .0001) and placebo sessions (Δ SOWS = 12.2 ± 10.7, p < .0001) as measured by SOWS. 

No significant differences were observed between the ondansetron and placebo sessions in 

either the SOWS withdrawal scores (p = 0.92) or SOWS pre-withdrawal scores (p = 0.80). 

Individual analysis of each SOWS subcategory showed no statistical difference between 

ondansetron and placebo withdrawal sessions.

Profile of Mood States (POMS)—Patients demonstrated clinically significant changes in 

mood profile during both the ondansetron (Δ POMS = 29.3 ± 31.3, p < .0001) and placebo 

sessions (Δ POMS = 28.3 ± 37.1, p < .0001) as measured by POMS. No significant 

differences were observed between the ondansetron and placebo sessions in either the 

POMS withdrawal scores (p = 0.91) or POMS pre-withdrawal scores (p = 0.36). Individual 

analysis of each POMS subcategory showed no statistical difference between ondansetron 

and placebo withdrawal sessions. Furthermore, we did not see a statistically significant 

change in mood after one month of morphine treatment (ΔPOMStitration = −1.9 ± 16.8, p = 

0.50).

Other Secondary Surveys—Self-reported pain as measured by VAS pain scores 

decreased significantly over the course of morphine treatment. Clinically and statistically 

significant decreases were observed in the reported least pain (Δ =−1.5 ± 1.8, p < .0001), 

average pain (Δ =−2.7 ± 2.2, p < .0001), and most pain (Δ =−3.2 ± 2.5, p < .0001) between 

the baseline and immediately prior to the first withdrawal session. Self-reported degree of 

disability as measured by the Roland-Morris Disability Index decreased significantly over 

the course of morphine treatment (Δ =−2.6 ± 4.6, p = 0.003). Psychological state and mood 

as measured by the Beck Depression Inventory improved slightly over the course of 
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morphine treatment, however this improvement was not statistically significant (−0.4 ± 3.4, 

p = 0.47) (Table 3).

Discussion

Major Findings

Based on pilot data from healthy human volunteers we hypothesized that ondansetron, a 5-

HT3 receptor antagonist (5-HT3-RA), would reduce opioid withdrawal (OW) symptoms in 

human subjects. In chronic opioid users receiving acute ondansetron or placebo infusion 

thirty minutes prior to naloxone-induced withdrawal, we found no difference in withdrawal 

severity between ondansetron and placebo sessions. None of our measures of withdrawal 

(OOWS, SOWS, and POMS) showed any significant difference between sessions (Figure 1). 

Analysis of individual sub scores within each survey (e.g. anxiety, lacrimation, yawning, 

etc.) yielded no difference between sessions. These data stand in contrast to our previous 

pilot data in healthy human volunteers.

Possible Explanations of Results

Several key design differences between this study and our pilot study may help to explain 

this discrepancy. In our pilot study, we utilized the acute opioid physical dependence (APD) 

model (Compton et al., 2004), in which healthy subjects receive morphine infusion followed 

by IV naloxone administration 120 minutes later. In the current study, we utilized a chronic 

model of physical dependence in which chronic back pain patients received morphine for 30 

days before ondansetron administration and naloxone challenge. It is possible that acute 

opioid infusion does not replicate the physiologic conditions created by chronic opioid use 

and that the mechanism for chronic opioid dependence is different from that of acute opioid 

dependence. The response to naloxone challenge may differ according to the length of 

opioid use. We feel that the more chronic treatment approach is the better model based on 

the route and duration of opioid administration.

Another key difference between this study and our previous study is the severity of the 

naloxone-precipitated withdrawal. The mean withdrawal OOWS score for the placebo group 

in this study was larger than that of our pilot study. It is conceivable that 5-HT3-RAs are 

effective only up to a certain threshold of withdrawal severity. The paradigm involving 

chronic opioid administration may simply result in too intense an opioid withdrawal 

response to be blocked by the dose of ondansetron selected. Furthermore, in our pilot study 

withdrawal was precipitated utilizing 10mg/70kg naloxone, whereas the present study 

utilized a minimum dose of 0.4 mg/70kg or a maximum dose of 0.8 mg/70kg naloxone.

Finally, it is also possible that chronic pain patients and healthy volunteers react differently 

to ondansetron. Moreover, chronic pain patients may react differently to naloxone challenge. 

Both of these distinctions might again be explained by mechanistic differences between 

chronic and acute opioid dependence. Either of these possibilities could explain why the 

effects of ondansetron were seen in the pilot study but not in this study.

One important similarity between our previous work involving one month of opioid therapy 

(Chu et al., 2012) and this study is a decrease in VAS pain scores and degree of disability (as 
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measured by the Roland-Morris Disability Index). This consistency points to the construct 

validity of those two secondary measures. Compared to our previous back pain study the 

average final morphine dose was similar. Ballantyne & LaForge (2007) suggest that opioid 

physical dependence can occur three days after sustained opioid use, well within the 

39.3±3.9 days of sustained opioid use in this study. Furthermore, studies using animal 

models suggest that physical dependence severity increases with increasing daily morphine 

dose (Weeks & Collins, 1979). The daily average morphine dose in this study was 89.0±31.9 

mg/day producing statistically significant changes in OOWS and SOWS scores from 

baseline suggesting physical dependence was achieved in our study population.

Second Naloxone Dose

A total of sixteen (n=16) participants required a second dose of naloxone to achieve an 

OOWS score of ≥ 6. While our administered dose of naloxone (0.4mg/70kg initial and 

0.8mg/70kg secondary if necessary) was lower than the 10mg/70kg dose used by Compton 

et al., (2004) and in our pilot study (Chu et al., 2009) we observed statistically significant 

subjective and objective signs of OW suggesting our selected doses were effective. 

Interestingly, there is currently no universally agreed upon dose of naloxone for use in 

rescue situations suggesting that little is known concerning individual variation in response 

to naloxone dosing (Connors & Nelson, 2016).

One possible individual variation may involve acutely depressed individuals. Lautenbacher 

et al. (1994) observed that individuals with acute depression experience decreased pain 

sensitivity which is not affected by naloxone administration. Decreased pain sensitivity in 

acutely depressed individuals may attenuate symptoms of OW necessitating a second 

naloxone dose. Differences in response to naloxone between gender and opioid dose was 

examined in a retrospective analysis by Chopra et al. (2008) who found that females on low-

dose methadone exhibited larger naloxone-induced increases on Adjective Rating Scale 

(ARS) and Addiction Research Center Inventory (ARCI) subscales compared to men. Males 

on high-dose methadone by comparison showed a modest but more sustained naloxone-

induced increase on ARS and ARCI compared to females. Both men and women on low-

dose methadone exhibited larger, but shorter lasting naloxone-induced increases on VAS 

while high doses showed a smaller but longer lasting naloxone-induced increase on VAS. In 

the present study, both males and females were titrated onto a standard opioid dose 

suggesting that the need for 16 participants to receive a second naloxone dose was not likely 

due to opioid dose. No significant difference was observed in final dose of morphine 

maintained by those who did not receive a second 0.8mg/70kg naloxone dose at either SS2 

or SS3 (n = 16) and those who did receive a second 0.8mg/70kg naloxone dose at both SS2 

and SS3 (n = 14; p = 0.63). Furthermore, no significant difference in age (p = 0.95), weight 

(p = 0.51), or height (p = 0.92) was observed between those who required a second naloxone 

dose and those who did not. Data on final morphine dose was not available for three (n = 3) 

participants.

Limitations

A possible limitation of this study was the usage of a single, 8mg dose of ondansetron. As 

mentioned previously, multiple or varying doses of ondansetron would have required 
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prolonged morphine usage and extended withdrawal sessions; 8mg ondansetron is 

commonly given to prevent chemotherapy related nausea and vomiting (Plosker & Milne, 

1992). Tramer et al. (1997), found no dose response relationship between 1 mg and 8 mg for 

intravenous ondansetron administration to prevent postoperative nausea. They did find a 

difference between 8mg and 16mg indicating that a higher dose might have been more 

effective for our model. Due to the rapid onset of symptoms after naloxone-precipitated 

withdrawal, it is possible that ondansetron did not have sufficient time to establish its 

therapeutic properties leading to a possible false-negative result (type 2 error). However, as 

previously discussed the T-Max of 8mg intravenous ondansetron is 7 minutes with a half-life 

3 to 3.5 hours, thus we believe that the 30-minute gap between intravenous ondansetron 

administration and naloxone-precipitated withdrawal was sufficient time for ondansetron to 

establish its therapeutic effect (Simpson & Hicks, 1996). To attenuate this possibility, future 

studies may consider examining ondansetron in spontaneous rather than naloxone-

precipitated withdrawal.

Our relatively small sample size of 33 participants may also be considered as a limitation of 

this study. Another limitation was the lack of biochemical data pertaining to serum morphine 

levels. While blood samples were collected from all study participants, analysis was deemed 

unnecessary as OOWS and SOWS pre and post withdrawal scores were indicative of 

participant compliance to the study protocol. Furthermore, a registered nurse counted the 

number of morphine tablets at the beginning and end of each study session, which further 

indicated protocol compliance.

Conclusion

The discrepancy between the results of this study and our pilot data warrants further 

investigation. Future studies might examine the effects of oral ondansetron given 

concurrently with morphine treatment, rather than after the development of opioid 

dependence. If ondansetron prevented or reduced OW symptoms in this setting it could be 

easily implemented clinically to prevent or attenuate the drawbacks associated with OW and 

PD. As previously mentioned, another consideration is to study spontaneous rather than 

naloxone-precipitated withdrawal using daily oral ondansetron treatment after cessation of 

opioid administration. Most patients do not, after all, undergo precipitated withdrawal 

though this model does provide robust responses that can be quantified easily. We believe 

that 5-HT3 receptor antagonists should be studied further for their potential to address the 

problems associated with opioid withdrawal and physical dependence.
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Figure 1. 
This randomized double-blinded, placebo-controlled, 2-way crossover study enrolled opioid-

naive patients with chronic low back pain (<30 mg morphine-equivalent use per day). After 

one month of oral morphine therapy patients entered a two-visit crossover experiment that 

employed naloxone-precipitated withdrawal, with or without ondansetron pretreatment 

immediately prior to the naloxone challenge. *A second naloxone dose and subsequent 

measures at time points 3c and 3d did not occur for every patient, only those who received 

an OOWS score less than 6 after the first withdrawal and consented. OOWS=objective 

opioid withdrawal scale, SOWS=subjective opioid withdrawal scale, CP pain=cold pressor 
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tolerance/threshold, MAP=mean arterial pressure, HR=heart rate, RR=respiratory rate, 

POMS=profile of mood states.

Chu et al. Page 14

J Addict Med. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
CONSORT diagram
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Figure 3. 
(Fig. 3A) Participant response to naloxone-precipitated withdrawal; no significant 

differences were observed between treatment groups (p = 0.87). (Fig. 3B) OOWS 

components of participant response to naloxone-precipitated withdrawal. This objective 

scale consists of 13 physically observable signs associated with opioid withdrawal assessed 

by the research assistant. Results are graphically displayed as a percentage of participants 

demonstrating the signs. No statistical difference was found between OOWS subcategories 

and treatment group.
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Table 1

Demographic and baseline characteristics of patients participating in the study.

Demographic and Baseline Characteristics of the Patients. *

Characteristic Result

Sex (no.)

 Male 20

 Female 13

Age (yr.) 42.06 ± 13.36

Weight (kg) 88.09 ± 19.86

Height (m) 173.94 ± 9.01

Body Mass Index 29.16 ± 6.43

Race (no.)

 Caucasian 22

 African-American 5

 Asian 2

 Hispani 2

 Other 2

Baseline Average Pain § 5.12 ± 1.24

Pre-existing Opioid Therapy (no.)

 Opioid naïve in past 5 years 10

 Some opioid exposure in past 5 years 10

 Either chronic or intermittent opioid use in past 5 years 2

 Chronic opioid use in past 5 years 1

 Current chronic opioid use 8

Average Pre-existing Opioid Dose (morphine equivalents mg/day) 3.15 ± 8.90

Average Opioid Dose Among Pre-existing Opioid Users (morphine equivalents mg/day) 21.25 ± 13.15

Baseline Beck Depression Inventory† 4.36 ± 4.23

Baseline Roland-Morris Disability Index‡ 6.97 ± 4.03

*
Plus-minus values are means±SD.

§
Intensity of pain was as reported by patients on a visual-analogue scale labeled “no pain” at 0 mm and “worst pain imaginable” at 100 mm.

†
Beck Depression Inventory is a single score ranging from 0 to 63; higher scores indicate more severe depression.

‡
Roland-Morris Disability Index yields a score between 0 and 24; higher scores indicate more pronounced disability.
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Table 2

Reasons given for discontinued patients. Discontinued patients either chose to end their participation, or study 

coordinators chose to drop the patients due to nonadherence. Data from discontinued patients were not 

included in the analysis.

Primary reasons for discontinuation.

Reason for discontinuation Number of subjects

Study drug titration failure 11

Discontinued study session due to severe withdrawal effects 6

Did not return to final study session due to severe withdrawal effects 2

Discontinued study session due to problem with infusion 1

Other 4
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Table 3

Secondary measures results, reported as mean ± SD at the beginning of each session, participants were asked 

to complete the Roland-Morris Disability Index, the Beck Depression Inventory, and Pain and Hyperalgesia 

Questionnaires. Mean score changes (from baseline at session 0 to session 2) and standard deviations are 

reported here. All differences except the Beck Depression Inventory are significant (significance at p < 0.05).

Secondary outcome measures.

Outcome Change from baseline to session 2 P Value

Least VAS Pain −1.48 ± 1.81 <.0001

Average VAS Pain −2.68 ± 2.23 <.0001

Worst VAS Pain −3.18 ± 2.54 <.0001

Roland-Morris Disability Index −2.59 ± 4.56 .003

Beck Depression Inventory −.44 ± 3.36 .47
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