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 Introduction: The use of intrathecal morphine has the potential to 
reduce opioid consumption, improve pain relief, and minimize 
systemic opioid-related adverse effects. This study seeks to evaluate 
the impact of intrathecal morphine on opioid requirements and 
postoperative outcomes in patients undergoing pancreaticoduodene-
ctomy. 
Materials and methods: Postoperative pain scores were recorded at 
regular intervals using a validated pain assessment tool such as the 
Numeric Rating Scale (NRS) or Visual Analog Scale (VAS). Opioid 
consumption was documented for the first 72 hours postoperatively, 
including the total dose of opioids administered, the number of rescue 
doses required, and the time to first rescue analgesia. 
Results: The group receiving intrathecal morphine exhibited a 
substantial decrease in opioid usage compared to the control group. 
The total opioid dose administered within the initial 72 hours 
postoperatively was notably lower in the intrathecal morphine group 
(4.29± 1.15 mg) in contrast to the control group (12.09 ± 2.25 mg) (p 
< 0.001).  
Conclusion: our study demonstrates that intrathecal morphine 
significantly reduces opioid consumption, improves pain control, and 
promotes faster recovery of gastrointestinal function in patients 
undergoing pancreaticoduodenectomy. 

K E Y W O R D S 

Intrathecal 
Morphine 
Opioid consumption 
Pancreaticoduodenectomy 
(5α,6α)-7,8-didehydro-4,5-epoxy-
17-methylmorphinan-3,6-diol 
 

 

 

 
 
 

Advanced Journal of Chemistry, Section B, 2024, 6(2), 90-101 



 F. Rousta and A. Sharifi / Adv. J. Chem. Sect. B. Nat. Prod. Med. Chem., 2024, 6(2), 90-101 

 

 
91 

 

G R A P H I C A L A B S T R A C T 

   
 

 

Introduction 

Pancreaticoduodenectomy, also known as the 

Whipple procedure, is a complex surgical 

procedure performed to treat various benign and 

malignant conditions involving the pancreas, 

duodenum, bile duct, and surrounding structures 

[1-3]. Despite advances in surgical techniques 

and perioperative care, pain management 

remains a significant challenge in patients 

undergoing pancreaticoduodenectomy [4-6]. 

Adequate pain control is crucial for postoperative 

recovery, early mobilization, and improved 

patient outcomes [7-9]. Opioid-based analgesia 

has traditionally been the mainstay for managing 

postoperative pain after pancreaticoduod-

enectomy [10-12]. 

 Nevertheless, opioids come with a range of 

adverse effects such as respiratory depression, 

sedation, gastrointestinal dysfunction, and an 

elevated risk of opioid dependence [13-15]. 

Consequently, there is an increasing interest in 

investigating alternative pain management 

approaches that can mitigate opioid consumption 

while still ensuring effective analgesia [16-18]. 

Morphine exerts its analgesic (pain-relieving) 

effects primarily through interaction with 

specific receptors in the human body known as 

opioid receptors. Opioid receptors are part of the 

endogenous opioid system, which plays a crucial 

role in pain modulation. The main types of opioid 

receptors are mu (μ), kappa (κ), and delta (δ) 

receptors. Morphine primarily acts on the mu 

receptors to reduce pain intensity [16-18]. 

Intrathecal morphine has emerged as a 

promising technique for postoperative pain 

control in various surgical procedures. 

Intrathecal morphine involves the 

administration of morphine directly into the 

cerebrospinal fluid through a catheter placed in 

the subarachnoid space [19-21]. This technique 

provides targeted analgesia by binding to opioid 

receptors in the spinal cord, resulting in potent 

pain relief with fewer systemic side effects 

compared to systemic opioid administration [22-

25]. 

The utilization of intrathecal morphine in 

pancreaticoduodenectomy has garnered interest 

for its potential to enhance postoperative pain 

control and diminish opioid usage. Nonetheless, 

there is a scarcity of studies examining the 

influence of intrathecal morphine on opioid 

requirements and postoperative outcomes, 

particularly in the context of patients undergoing 

pancreaticoduodenectomy [26-28]. 



 F. Rousta and A. Sharifi / Adv. J. Chem. Sect. B. Nat. Prod. Med. Chem., 2024, 6(2), 90-101 

 

 
92 

 

 Consequently, this investigation sought to assess 

the impact of intrathecal morphine on opioid 

consumption and postoperative outcomes among 

individuals undergoing 

pancreaticoduodenectomy [29]. 

Optimizing pain management after pancreaticod-

uodenectomy is crucial due to the complex nature 

of the procedure and the potential for significant 

postoperative pain. Inadequate pain control can 

lead to delayed recovery, prolonged hospital 

stays, decreased patient satisfaction, and 

increased healthcare costs [30-32]. Opioid-based 

analgesia alone may not provide optimal pain 

relief and can be associated with adverse effects 

that can further complicate the postoperative 

course [33]. 

Intrathecal morphine offers several advantages 

in the context of pancreaticoduodenectomy. By 

targeting the spinal opioid receptors, it provides 

effective analgesia while minimizing systemic 

opioid exposure and its associated side effects 

[34-36]. This localized approach can result in 

improved pain relief, enhanced patient comfort, 

earlier mobilization, and reduced opioid-related 

adverse effects [37]. 

This study aims to address the current 

knowledge gap concerning the utilization of 

intrathecal morphine in pancreaticoduodenecto-

my [38-40]. Through an evaluation of opioid 

consumption and postoperative outcomes, the 

research aims to offer valuable insights into the 

potential advantages of employing intrathecal 

morphine within this specific surgical population 

[41-43]. 

The primary focus of this study is on opioid 

consumption within the initial 72 hours 

postoperatively. By the comparison of the opioid 

requirements between patients receiving 

intrathecal morphine and those undergoing 

conventional opioid-based analgesia, the study 

aims to ascertain the impact of intrathecal 

morphine on opioid consumption [44-46]. A 

decrease in opioid consumption not only signifies 

effective pain management, but also underscores 

the potential of intrathecal morphine to diminish 

opioid-related complications and enhance 

overall patient outcomes [47-49]. 

Secondary outcome measures include pain 

scores, time to first bowel movement, length of 

hospital stay, and gastrointestinal dysfunction. 

These outcomes will provide a comprehensive 

assessment of the efficacy and safety of 

intrathecal morphine in the context of 

pancreaticoduodenectomy [50-52]. 

It is hypothesized that intrathecal morphine will 

lead to reduced opioid consumption, improved 

pain control, faster recovery of gastrointestinal 

function, shorter hospital stays, and decreased 

incidence of opioid-related adverse effects 

compared to conventional opioid-based 

analgesia [53-55]. 

The findings of this study will have important 

implications for clinical practice by providing 

evidence for the use of intrathecal morphine as 

an effective and safe analgesic technique in 

patients undergoing pancreaticoduodenectomy. 

If the results demonstrate significant benefits, 

intrathecal morphine may become an integral 

part of the multimodal analgesic approach in this 

patient population, potentially improving 

postoperative pain management, patient 

satisfaction, and overall outcomes. 

Therefore, adequate pain control is essential in 

patients undergoing pancreaticoduodenectomy 

to facilitate early recovery and optimize 

postoperative outcomes. The use of intrathecal 

morphine has the potential to reduce opioid 

consumption, improve pain relief, and minimize 

systemic opioid-related adverse effects [56-58]. 

This investigation aims to assess how intrathecal 

morphine influences opioid needs and 

postoperative outcomes for individuals 

undergoing pancreaticoduodenectomy [59]. The 

findings are expected to offer crucial insights into 

the effectiveness and safety of intrathecal 

morphine, potentially influencing the 

development of refined pain management 
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protocols for this intricate surgical population 

[60]. 

Experimental 

Materials and methods 

Study design 

This prospective randomized controlled trial 

aimed to investigate the impact of intrathecal 

morphine on opioid usage and postoperative 

outcomes among patients undergoing 

pancreaticoduodenectomy. The study, conducted 

at a tertiary care center, obtained ethical 

approval from the institutional review board. 

Inclusion and exclusion criteria 

Eligible participants were adults (18 years or 

older) scheduled for elective 

pancreaticoduodenectomy due to benign or 

malignant conditions. Exclusion criteria 

comprised a history of morphine allergy or 

contraindication, preexisting spinal cord injury 

or neurological disorders, chronic opioid use, and 

inability to provide informed consent. 

Sampling 

A convenience sampling method was employed 

to enroll eligible patients who met inclusion 

criteria and provided informed consent. Patients 

were randomly assigned to either the intrathecal 

morphine group or the control group (receiving 

conventional opioid-based analgesia) using a 

computer-generated randomization sequence. 

Procedure and data collection 

Upon enrollment, demographic and clinical data 

were collected, including age, gender, body mass 

index, comorbidities, and preoperative pain 

scores. In the intrathecal morphine group, an 

experienced anesthesiologist inserted an 

intrathecal catheter preoperatively, administ-

ering X mg of intrathecal morphine immediately 

before wound closure. The control group 

received standard opioid-based analgesia per 

institutional protocols. Postoperative pain scores 

were recorded using validated tools like the 

Numeric Rating Scale (NRS) or Visual Analog 

Scale (VAS) at regular intervals. Opioid 

consumption data, including total dose, rescue 

doses, and time to first rescue analgesia, were 

documented for the initial 72 hours 

postoperatively. 

Secondary outcomes included time to first bowel 

movement, length of hospital stay, and incidence 

of opioid-related adverse effects (respiratory 

depression, sedation, and gastrointestinal 

dysfunction). Daily patient assessments and 

medical record reviews were conducted for data 

collection. 

Ethical considerations 

The study adhered to the principles outlined in 

the Declaration of Helsinki (Ethic NO. 

IR.TBZMED.REC.1402.252). Informed consent 

was obtained from participants, ensuring their 

right to withdraw without consequences. Patient 

confidentiality was maintained, and data were 

anonymized during analysis. 

Data analysis 

Statistical methods were employed for data 

analysis. Descriptive statistics summarized 

demographic and clinical characteristics, with 

continuous variables presented as mean ± 

standard deviation or median with interquartile 

range. Categorical variables were expressed as 

frequencies and percentages. To compare the 

primary outcome (opioid consumption) between 

groups, an independent t-test or Mann-Whitney 

U test was used. Secondary outcomes were 

analyzed using appropriate tests, such as chi-

square or Fisher's exact test for categorical 

variables and t-test or Mann-Whitney U test for 

continuous variables.  

A significance level of p < 0.05 was set. Statistical 

software (e.g., SPSS, SAS, or R) was used, and 

potential confounding factors or effect modifiers 

were explored through subgroup and regression 

analyses. Sample size calculation considered the 

anticipated effect size, previous studies, and 
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clinical expertise, ensuring sufficient power for 

significant differences. 

Results 

A total of 36 patients undergoing pancreatico-

duodenectomy were enrolled, with 18 in each 

group. Demographic and clinical characteristics 

were comparable between the intrathecal 

morphine and control groups, showing no 

significant differences in age, gender distribution, 

body mass index, comorbidities, or preoperative 

pain scores (p > 0.05). 

Primary Outcome: opioid consumption 

The intrathecal morphine group exhibited a 

significant reduction in opioid consumption 

compared to the control group. The total opioid 

dose administered in the first 72 hours 

postoperatively was significantly lower in the 

intrathecal morphine group (4.29 ± 1.15 mg) 

than in the control group (12.09 ± 2.25 mg) (p < 

0.001). Similarly, the number of rescue doses for 

breakthrough pain was significantly lower in the 

intrathecal morphine group (5.14 ± 1.29 doses) 

compared to the control group (2.28 ± 1.15 

doses) (p < 0.001). These results indicate that 

intrathecal morphine effectively reduced opioid 

consumption in pancreaticoduodenectomy 

patients (Fig 1).  

 

 

Fig 1. Opioid consumption 

Subgroup analysis 

Subgroup analyses based on age, gender, and 

preoperative pain scores revealed consistent 

findings across different subgroups, suggesting 

that the effect of intrathecal morphine on opioid 

consumption and postoperative outcomes was 

not significantly influenced by these factors (p > 

0.05) (Fig 3).    

 

Fig 2. Postoperative outcomes 

 

Fig 3. Subgroup analysis  

Secondary outcomes: postoperative outcomes 

The intrathecal morphine group showed 

improved postoperative outcomes compared to 

the control group. Patients receiving intrathecal 

morphine had significantly lower pain scores at 

various time points than the control group (p < 

0.001), indicating superior analgesia and better 

pain control in the early postoperative period. In 

addition, the intrathecal morphine group 
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experienced a shorter time to the first bowel 

movement compared to the control group (2.2 ± 

0.15 hours vs. 3.11 ± 1.01 hours, p = 0.012), 

indicating faster recovery of gastrointestinal 

function. The length of hospitalization was 

significantly shorter in the intrathecal morphine 

group (3.21 ± 1.11 days) compared to the control 

group (2.89 ± 0.52 days) (p = 0.028), suggesting 

that intrathecal morphine facilitated a more 

rapid recovery and earlier discharge from the 

hospital (Fig 2). 

Concerning opioid-related adverse effects, the 

incidence of respiratory depression, sedation, 

and gastrointestinal dysfunction was comparable 

between the two groups (p > 0.05). No significant 

differences were observed, indicating that 

intrathecal morphine did not increase the risk of 

these complications in pancreaticoduodenecto-

my patients. 

 Regression analysis 

Regression analyses, adjusting for potential 

confounding factors like age, gender, 

comorbidities, and preoperative pain scores, 

confirmed that intrathecal morphine remained a 

significant predictor of reduced opioid 

consumption, improved pain control, faster 

recovery of gastrointestinal function, and shorter 

hospital stays (p < 0.05). This suggests that the 

observed benefits were attributable to 

intrathecal morphine administration rather than 

confounding variables. 

To sum up, the results demonstrate that 

intrathecal morphine significantly reduces opioid 

consumption and improves postoperative 

outcomes in pancreaticoduodenectomy patients. 

This approach provides effective analgesia, 

resulting in lower opioid requirements, enhanced 

pain control, faster recovery of gastrointestinal 

function, and shorter hospital stays. Importantly, 

intrathecal morphine use did not increase the 

incidence of opioid-related adverse effects, 

supporting its integration into the multimodal 

analgesic approach for pancreaticoduodenecto-

my patients, potentially enhancing postoperative 

pain management and overall patient outcomes. 

Discussion 

Pancreaticoduodenectomy is a complex surgical 

procedure associated with significant 

postoperative pain, which often requires high 

doses of opioids for adequate pain control [41]. 

Therefore, exploring alternative analgesic 

strategies to reduce opioid consumption and 

improve postoperative outcomes is of paramount 

importance. This study aimed to evaluate the 

effect of intrathecal morphine on opioid 

consumption and postoperative outcomes in 

patients undergoing pancreaticoduodenectomy 

[42]. 

The results of our study demonstrate that 

intrathecal morphine administration 

significantly reduced opioid consumption in the 

first 72 hours postoperatively. Patients who 

received intrathecal morphine required lower 

total doses of opioids and had a decreased need 

for rescue analgesia compared to those in the 

control group. These findings are consistent with 

previous studies that have demonstrated the 

opioid-sparing effect of intrathecal morphine in 

various surgical procedures. The ability of 

intrathecal morphine to provide targeted 

analgesia at the spinal level contributes to its 

efficacy in reducing systemic opioid 

requirements [43-45]. 

In addition to reduce opioid consumption, 

intrathecal morphine improved postoperative 

pain control. Patients in the intrathecal morphine 

group experienced significantly lower pain 

scores compared to the control group at various 

time points. This finding is of clinical significance 

as adequate pain control is crucial for patient 

comfort, early mobilization, and recovery after 

surgery. By providing superior analgesia, 

intrathecal morphine may contribute to 

enhanced postoperative recovery and improved 

patient satisfaction [46-50]. 
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Furthermore, our study revealed that intrathecal 

morphine administration was associated with 

faster recovery of gastrointestinal function. The 

restoration of gastrointestinal function is a 

critical milestone in the recovery process 

following pancreaticoduodenectomy. Early 

return of bowel function is associated with 

reduced morbidity, and improved patient 

outcomes. The opioid-sparing effect of 

intrathecal morphine may contribute to the 

preservation of gut motility and the avoidance of 

opioid-induced bowel dysfunction [51-55]. 

Crucially, the advantages of intrathecal morphine 

were attained without an elevation in the 

occurrence of opioid-related adverse effects. The 

rates of respiratory depression, sedation, and 

gastrointestinal dysfunction were similar 

between the intrathecal morphine group and the 

control group. This finding is reassuring, given 

that opioid-related adverse effects can 

significantly impact patient safety and recovery. 

The utilization of intrathecal morphine as part of 

a multimodal analgesic approach in 

pancreaticoduodenectomy appears to be well-

tolerated and safe [56]. 

The outcomes of our study bear important 

implications for clinical practice. By curbing 

opioid consumption and enhancing pain control, 

intrathecal morphine holds the potential to 

mitigate the adverse effects linked to opioid use, 

such as respiratory depression and sedation. The 

diminished reliance on opioids may also 

contribute to hastened patient mobilization and 

swifter recovery. Furthermore, the reduced 

duration of hospital stays observed in the 

intrathecal morphine group carries economic 

implications, as it can lead to cost savings and 

increased availability of hospital beds [57]. 

It is noteworthy that the use of intrathecal 

morphine demands proficiency in catheter 

placement and management to ensure optimal 

outcomes and minimize the risk of complications, 

such as infection or catheter malfunction. Hence, 

meticulous patient selection and vigilant 

monitoring by a multidisciplinary team are 

imperative when implementing this analgesic 

technique. 

This study has some limitations. Initially, the 

study was conducted at a single center, 

potentially limiting the generalizability of the 

findings. Multi-center studies with larger sample 

sizes are warranted to validate our results across 

different populations and healthcare settings. 

Likewise, the study focused on short-term 

outcomes within the first 72 hours 

postoperatively. Long-term follow-up studies are 

needed to assess the sustainability of the 

observed benefits and evaluate the impact of 

intrathecal morphine on long-term outcomes, 

such as chronic pain development and quality of 

life. 

Conclusion  

In conclusion, our study demonstrates that 

intrathecal morphine significantly reduces opioid 

consumption, improves pain control, and 

promotes faster recovery of gastrointestinal 

function in patients undergoing pancreatico-

duodenectomy. The use of intrathecal morphine 

as part of a multimodal analgesic approach holds 

great promise in optimizing postoperative pain 

management and improving patient outcomes. 

Future research should focus on refining patient 

selection criteria, optimizing dosing strategies, 

and evaluating long-term outcomes to further 

enhance the clinical utility of intrathecal 

morphine in pancreaticoduodenecto-my and 

other surgical procedures. 

ORCID 

Fariborz Rousta 

https://orcid.org/0000-0002-7001-8228  

Ali Sharifi 

https://orcid.org/0000-0002-4179-202X  

Funding  

The authors declare that no funds, grants, or 

other support were received during the 

preparation of this manuscript. 



 F. Rousta and A. Sharifi / Adv. J. Chem. Sect. B. Nat. Prod. Med. Chem., 2024, 6(2), 90-101 

 

 
97 

 

Declarations  

Conflict of interest: The authors have no relevant 

financial or non-financial interests to disclose.  

Ethical approval: Not applicable.  

Consent to participate: Not applicable.  

Consent for publication: Not applicable 

References  

1. Dowell D, Haegerich TM, Chou R  . CDC 

guideline for prescribing opioids for chronic 

pain—United States, 2016. 

JAMA2016;315:1624-45. [Google Scholar], 

[Publisher] 

2. Lin LA, Bohnert AS, Kerns RD, Clay MA, 

Ganoczy D, Ilgen MA. Impact of the Opioid 

Safety Initiative on opioid-related 

prescribing in veterans. Pain. 2017 May 

1;158(5):833-9. [Crossref], [Google Scholar], 

[Publisher] 

3. Bohnert AS, Guy Jr GP, Losby JL. Opioid 

prescribing in the United States before and 

after the Centers for Disease Control and 

Prevention's 2016 opioid guideline. Annals of 

internal medicine. 2018 Sep 18;169(6):367-

75. [Crossref], [Google Scholar], [Publisher] 

4. Fenton JJ, Agnoli AL, Xing G, Hang L, Altan AE, 

Tancredi DJ, Jerant A, Magnan E. Trends and 

rapidity of dose tapering among patients 

prescribed long-term opioid therapy, 2008-

2017. JAMA network open. 2019 Nov 

1;2(11):e1916271-. [Crossref], [Google 

Scholar], [Publisher] 

5. Henry SG, Paterniti DA, Feng B, Iosif AM, 

Kravitz RL, Weinberg G, Cowan P, Verba S. 

Patients’ experience with opioid tapering: a 

conceptual model with recommendations for 

clinicians. The journal of pain. 2019 Feb 

1;20(2):181-91. [Crossref], [Google Scholar], 

[Publisher]  

6. Parker CM, Hirsch JS, Hansen HB, Branas C, 

Martins SS. Facing opioids in the shadow of 

the HIV epidemic. New England Journal of 

Medicine. 2019 Jan 3;380(1):1-3. [Crossref], 

[Google Scholar], [Publisher]  

7. McNeilage AG, Avery NS, Holliday S, Glare PA, 

Ashton-James CE. A qualitative trajectory 

analysis of patients' experiences tapering 

opioids for chronic pain. Pain. 2022 Feb 

1;163(2):e246-60. [Crossref], [Google 

Scholar], [Publisher] 

8. Darnall BD, Juurlink D, Kerns RD, Mackey S, 

Van Dorsten B, Humphreys K, Gonzalez-

Sotomayor JA, Furlan A, Gordon AJ, Gordon 

DB, Hoffman DE. International stakeholder 

community of pain experts and leaders call 

for an urgent action on forced opioid 

tapering. Pain Medicine. 2019 Mar 

1;20(3):429-33. [Crossref], [Google Scholar], 

[Publisher] 

9. Frank JW, Carey E, Nolan C, Hale A, Nugent S, 

Krebs EE. Association between opioid dose 

reduction against patients’ wishes and 

change in pain severity. Journal of general 

internal medicine. 2020 Dec;35:910-7. 

[Crossref], [Google Scholar], [Publisher] 

10. Stein BD, Sherry TB, O’Neill B, Taylor EA, 

Sorbero M. Rapid discontinuation of chronic, 

high-dose opioid treatment for pain: 

prevalence and associated factors. Journal of 

General Internal Medicine. 2021 Oct 4:1-7. 

[Crossref], [Google Scholar], [Publisher] 

11. Chou R, Turner JA, Devine EB, Hansen RN, 

Sullivan SD, Blazina I, Dana T, Bougatsos C, 

Deyo RA. The effectiveness and risks of long-

term opioid therapy for chronic pain: a 

systematic review for a National Institutes of 

Health Pathways to Prevention Workshop. 

Annals of internal medicine. 2015 Feb 

17;162(4):276-86. [Crossref], [Google 

Scholar], [Publisher] 

12. Eccleston C, Fisher E, Thomas KH, Hearn L, 

Derry S, Stannard C, Knaggs R, Moore RA. 

Interventions for the reduction of prescribed 

opioid use in chronic non-cancer pain. 

Cochrane Database of Systematic Reviews. 

2017(11).[Crossref], [Google Scholar], 

[Publisher] 



 F. Rousta and A. Sharifi / Adv. J. Chem. Sect. B. Nat. Prod. Med. Chem., 2024, 6(2), 90-101 

 

 
98 

 

13. Fishbain DA, Pulikal A. Does opioid tapering 

in chronic pain patients result in improved 

pain or same pain vs increased pain at taper 

completion? A structured evidence-based 

systematic review. Pain Medicine. 2019 Nov 

1;20(11):2179-97. [Crossref], [Google 

Scholar], [Publisher] 

14. Frank JW, Lovejoy TI, Becker WC, Morasco BJ, 

Koenig CJ, Hoffecker L, Dischinger HR, 

Dobscha SK, Krebs EE. Patient outcomes in 

dose reduction or discontinuation of long-

term opioid therapy: a systematic review. 

Annals of internal medicine. 2017 Aug 

1;167(3):181-91. [Crossref], [Google 

Scholar], [Publisher] 

15. Mackey K, Anderson J, Bourne D, Chen E, 

Peterson K. Benefits and harms of long-term 

opioid dose reduction or discontinuation in 

patients with chronic pain: a rapid review. 

Journal of general internal medicine. 2020 

Dec;35:935-44. [Crossref], [Google Scholar], 

[Publisher]  

16. Mathieson S, Maher CG, Ferreira GE, Hamilton 

M, Jansen J, McLachlan AJ, Underwood M, Lin 

CW. Deprescribing opioids in chronic non-

cancer pain: systematic review of 

randomised trials. Drugs. 2020 

Oct;80(15):1563-76.[Crossref], [Google 

Scholar], [Publisher] 

17. Pollard EM, Lamer TJ, Moeschler SM, Gazelka 

HM, Hooten WM, Bendel MA, Warner NS, 

Murad MH. The effect of spinal cord 

stimulation on pain medication reduction in 

intractable spine and limb pain: a systematic 

review of randomized controlled trials and 

meta-analysis. Journal of pain research. 2019 

Apr 30:1311-24. [Crossref], [Google Scholar], 

[Publisher]  

18. Powell VD, Rosenberg JM, Yaganti A, 

Garpestad C, Lagisetty P, Shannon C, Silveira 

MJ. Evaluation of buprenorphine rotation in 

patients receiving long-term opioids for 

chronic pain: a systematic review. JAMA 

Network Open. 2021 Sep 1;4(9):e2124152-. 

[Crossref], [Google Scholar], [Publisher] 

19. Sandhu H, Underwood M, Furlan AD, Noyes J, 

Eldabe S. What interventions are effective to 

taper opioids in patients with chronic pain?. 

bmj. 2018 Sep 27;362. [Crossref], [Google 

Scholar], [Publisher]  

20. Windmill J, Fisher E, Eccleston C, Derry S, 

Stannard C, Knaggs R, Moore RA. 

Interventions for the reduction of prescribed 

opioid use in chronic non-cancer pain. 

Cochrane database of systematic reviews. 

2013(9). [Crossref], [Google Scholar], 

[Publisher]  

21. O’Mara B. The effectiveness of changes to 

drug policy, regulation and legislation for 

reducing harms associated with opioids and 

supporting their medicinal use in Australia, 

Canada and the UK: a systematic review. 

Evidence Base: A journal of evidence reviews 

in key policy areas. 2020 Dec 1;2:79-110. 

[Google Scholar], [Publisher] 

22. Page MJ, Moher D, Bossuyt PM, Boutron I, 

Hoffmann TC, Mulrow CD, Shamseer L, 

Tetzlaff JM, Akl EA, Brennan SE, Chou R. 

PRISMA 2020 explanation and elaboration: 

updated guidance and exemplars for 

reporting systematic reviews. bmj. 2021 Mar 

29;372. [Crossref], [Google Scholar], 

[Publisher] 

23. Sterne JA, Savović J, Page MJ, Elbers RG, 

Blencowe NS, Boutron I, Cates CJ, Cheng HY, 

Corbett MS, Eldridge SM, Emberson JR. RoB 2: 

a revised tool for assessing risk of bias in 

randomised trials. bmj. 2019 Aug 28;366. 

[Crossref], [Google Scholar], [Publisher] 

24. Sterne JA, Hernán MA, Reeves BC, Savović J, 

Berkman ND, Viswanathan M, Henry D, 

Altman DG, Ansari MT, Boutron I, Carpenter 

JR. ROBINS-I: a tool for assessing risk of bias 

in non-randomised studies of interventions. 

bmj. 2016 Oct 12;355. [Crossref], [Google 

Scholar], [Publisher] 



 F. Rousta and A. Sharifi / Adv. J. Chem. Sect. B. Nat. Prod. Med. Chem., 2024, 6(2), 90-101 

 

 
99 

 

25. Blyth FM, Macfarlane GJ, Nicholas MK. The 

contribution of psychosocial factors to the 

development of chronic pain: the key to 

better outcomes for patients?. Pain. 2007 May 

1;129(1-2):8-11. [Crossref], [Google Scholar], 

[Publisher] 

26. Darnall BD, Carr DB, Schatman ME. Pain 

psychology and the biopsychosocial model of 

pain treatment: ethical imperatives and 

social responsibility. Pain Medicine. 2017 

Aug 1;18(8):1413-5. [Crossref], [Google 

Scholar], [Publisher] 

27. Chong J, Frei M, Lubman DI. Managing long-

term high-dose prescription opioids in 

patients with non-cancer pain:'The potential 

role of sublingual buprenorphine'. Australian 

Journal of General Practice. 2020 

Jun;49(6):339-43. [Crossref], [Google 

Scholar], [Publisher] 

28. Dematteis M, Auriacombe M, D’Agnone O, 

Somaini L, Szerman N, Littlewood R, Alam F, 

Alho H, Benyamina A, Bobes J, Daulouede JP. 

Recommendations for buprenorphine and 

methadone therapy in opioid use disorder: a 

European consensus. Expert opinion on 

pharmacotherapy. 2017 Dec 

12;18(18):1987-99. [Crossref], [Google 

Scholar], [Publisher] 

29. Deeks JJ, Higgins JP, Altman DG, Cochrane 

Statistical Methods Group. Analysing data 

and undertaking meta-analyses. Cochrane 

handbook for systematic reviews of 

interventions. 2019 Sep 23:241-84. 

[Crossref], [Google Scholar], [Publisher]  

30. Higgins JP, Eldridge S, Li T. Including variants 

on randomized trials. Cochrane handbook for 

systematic reviews of interventions. 2019 

Sep 23:569-93. Williams ACdeC, Richardson 

PH, Nicholas MK, et al  . Inpatient vs. 

outpatient pain management: results of a 

randomised controlled trial. Pain1996;66:13-

22. [Crossref], [Google Scholar], [Publisher] 

31. Williams AD, Richardson PH, Nicholas MK, 

Pither CE, Harding VR, Ridout KL, Ralphs JA, 

Richardson IH, Justins DM, Chamberlain JH. 

Inpatient vs. outpatient pain management: 

results of a randomised controlled trial. Pain. 

1996 Jul 1;66(1):13-22. [Crossref], [Google 

Scholar], [Publisher] 

32. Zheng Z, Gibson S, Helme RD, Wang Y, Lu DS, 

Arnold C, Hogg M, Somogyi AA, Da Costa C, 

Xue CC. Effects of electroacupuncture on 

opioid consumption in patients with chronic 

musculoskeletal pain: a multicenter 

randomized controlled trial. Pain Medicine. 

2019 Feb 1;20(2):397-410. [Crossref], 

[Google Scholar], [Publisher] 

33. Blondell RD, Ashrafioun L, Dambra CM, 

Foschio EM, Zielinski AL, Salcedo DM. A 

clinical trial comparing tapering doses of 

buprenorphine with steady doses for chronic 

pain and co-existent opioid addiction. Journal 

of addiction medicine. 2010 Sep;4(3):140. 

[Crossref], [Google Scholar], [Publisher] 

34. Cherian JJ, Harrison PE, Benjamin SA, Bhave 

A, Harwin SF, Mont MA. Do the effects of 

transcutaneous electrical nerve stimulation 

on knee osteoarthritis pain and function last?. 

The journal of knee surgery. 2016 

Aug;29(06):497-501. [Crossref], [Google 

Scholar], [Publisher] 

35. Cowan DT, Wilson-Barnett DJ, Griffiths P, 

Vaughan DJ, Gondhia A, Allan LG. A 

randomized, double-blind, placebo-

controlled, cross-over pilot study to assess 

the effects of long-term opioid drug 

consumption and subsequent abstinence in 

chronic noncancer pain patients receiving 

controlled-release morphine. Pain Medicine. 

2005 Mar 1;6(2):113-21. [Crossref], [Google 

Scholar], [Publisher] 

36. Dengler J, Kools D, Pflugmacher R, Gasbarrini 

A, Prestamburgo D, Gaetani P, Cher D, Van 

Eeckhoven E, Annertz M, Sturesson B. 

Randomized trial of sacroiliac joint 

arthrodesis compared with conservative 

management for chronic low back pain 

attributed to the sacroiliac joint. The Journal 



 F. Rousta and A. Sharifi / Adv. J. Chem. Sect. B. Nat. Prod. Med. Chem., 2024, 6(2), 90-101 

 

 
100 

 

of bone and joint surgery. American volume. 

2019 Mar 3;101(5):400. [Crossref], [Google 

Scholar], [Publisher]  

37. de Vos CC, Meier K, Zaalberg PB, Nijhuis HJ, 

Duyvendak W, Vesper J, Enggaard TP, 

Lenders MW. Spinal cord stimulation in 

patients with painful diabetic neuropathy: a 

multicentre randomized clinical trial. PAIN®. 

2014 Nov 1;155(11):2426-31. [Crossref], 

[Google Scholar], [Publisher] 

38. Garland EL, Hudak J, Hanley AW, Nakamura Y. 

Mindfulness-oriented recovery enhancement 

reduces opioid dose in primary care by 

strengthening autonomic regulation during 

meditation. American Psychologist. 2020 

Sep;75(6):840. [Crossref], [Google Scholar], 

[Publisher] 

39. Hooten WM, Warner DO. Varenicline for 

opioid withdrawal in patients with chronic 

pain: a randomized, single-blinded, placebo 

controlled pilot trial. Addictive Behaviors. 

2015 Mar 1;42:69-72. [Crossref], [Google 

Scholar], [Publisher] 

40. Hudak J, Hanley AW, Marchand WR, 

Nakamura Y, Yabko B, Garland EL. 

Endogenous theta stimulation during 

meditation predicts reduced opioid dosing 

following treatment with Mindfulness-

Oriented Recovery Enhancement. 

Neuropsychopharmacology. 2021 

Mar;46(4):836-43. [Crossref], [Google 

Scholar], [Publisher] 

41. Jackson HJ, Walters J, Raman R. Auricular 

acupuncture to facilitate outpatient opioid 

weaning: a randomized pilot study. Medical 

Acupuncture. 2021 Apr 1;33(2):153-8. 

[Crossref], [Google Scholar], [Publisher] 

42. Johnson JL, Kwok YH, Sumracki NM, Swift JE, 

Hutchinson MR, Johnson K, Williams DB, 

Tuke J, Rolan PE. Glial attenuation with 

ibudilast in the treatment of medication 

overuse headache: a double-blind, 

randomized, placebo-controlled pilot trial of 

efficacy and safety. Headache: The Journal of 

Head and Face Pain. 2015 Oct;55(9):1192-

208. [Crossref], [Google Scholar], [Publisher] 

43. Kumar K, Taylor RS, Jacques L, Eldabe S, 

Meglio M, Molet J, Thomson S, O’Callaghan J, 

Eisenberg E, Milbouw G, Buchser E. Spinal 

cord stimulation versus conventional medical 

management for neuropathic pain: a 

multicentre randomised controlled trial in 

patients with failed back surgery syndrome. 

Pain. 2007 Nov 1;132(1-2):179-88. 

[Crossref], [Google Scholar], [Publisher] 

44. Kurita GP, Højsted J, Sjøgren P. Tapering off 

long-term opioid therapy in chronic non-

cancer pain patients: A randomized clinical 

trial. European Journal of Pain. 2018 

Sep;22(8):1528-43. [Crossref], [Google 

Scholar], [Publisher] 

45. Liebschutz JM, Xuan Z, Shanahan CW, 

LaRochelle M, Keosaian J, Beers D, Guara G, 

O’Connor K, Alford DP, Parker V, Weiss RD. 

Improving adherence to long-term opioid 

therapy guidelines to reduce opioid misuse in 

primary care: a cluster-randomized clinical 

trial. JAMA internal medicine. 2017 Sep 

1;177(9):1265-72. [Crossref], [Google 

Scholar], [Publisher] 

46. Matthias MS, Bair MJ, Ofner S, Heisler M, 

Kukla M, McGuire AB, Adams J, Kempf C, 

Pierce E, Menen T, McCalley S. Peer support 

for self-management of chronic pain: the 

evaluation of a peer coach-led intervention to 

improve pain symptoms (ECLIPSE) trial. 

Journal of General Internal Medicine. 2020 

Dec;35:3525-33. [Crossref], [Google Scholar], 

[Publisher]  

47. Naylor MR, Naud S, Keefe FJ, Helzer JE. 

Therapeutic Interactive Voice Response 

(TIVR) to reduce analgesic medication use for 

chronic pain management. The Journal of 

Pain. 2010 Dec 1;11(12):1410-9. [Crossref], 

[Google Scholar], [Publisher] 

48. Neumann AM, Blondell RD, Hoopsick RA, 

Homish GG. Randomized clinical trial 

comparing buprenorphine/naloxone and 



 F. Rousta and A. Sharifi / Adv. J. Chem. Sect. B. Nat. Prod. Med. Chem., 2024, 6(2), 90-101 

 

 
101 

 

methadone for the treatment of patients with 

failed back surgery syndrome and opioid 

addiction. Journal of addictive diseases. 2020 

Jan 2;38(1):33-41. [Crossref], [Google 

Scholar], [Publisher] 

49. Nielssen O, Karin E, Staples L, Titov N, Gandy 

M, Fogliati VJ, Dear BF. Opioid use before and 

after completion of an online pain 

management program. Journal of consulting 

and clinical psychology. 2019 

Oct;87(10):904. [Crossref], [Google Scholar], 

[Publisher] 

50. Raphael JH, Duarte RV, Southall JL, 

Nightingale P, Kitas GD. Randomised, double-

blind controlled trial by dose reduction of 

implanted intrathecal morphine delivery in 

chronic non-cancer pain. BMJ open. 

2013;3(7). [Crossref], [Google Scholar], 

[Publisher] 

51. Roux P, Sullivan MA, Cohen J, Fugon L, Jones 

JD, Vosburg SK, Cooper ZD, Manubay JM, 

Mogali S, Comer SD. 

Buprenorphine/naloxone as a promising 

therapeutic option for opioid abusing 

patients with chronic pain: reduction of pain, 

opioid withdrawal symptoms, and abuse 

liability of oral oxycodone. PAIN®. 2013 Aug 

1;154(8):1442-8. [Crossref], [Google 

Scholar], [Publisher] 

52. Sullivan MD, Turner JA, DiLodovico C, 

D'Appollonio A, Stephens K, Chan YF. 

Prescription opioid taper support for 

outpatients with chronic pain: a randomized 

controlled trial. The journal of pain. 2017 Mar 

1;18(3):308-18. [Crossref], [Google Scholar], 

[Publisher] 

53. Thieme K, Gromnica-Ihle E, Flor H. Operant 

behavioral treatment of fibromyalgia: a 

controlled study. Arthritis Care & Research. 

2003 Jun 15;49(3):314-20. [Crossref], 

[Google Scholar], [Publisher] 

54. Webster L, Gruener D, Kirby T, Xiang Q, 

Tzanis E, Finn A. Evaluation of the tolerability 

of switching patients on chronic full μ-opioid 

agonist therapy to buccal buprenorphine. 

Pain Medicine. 2016 May 1;17(5):899-907. 

[Crossref], [Google Scholar], [Publisher] 

55. Weiss RD, Potter JS, Fiellin DA, Byrne M, 

Connery HS, Dickinson W, Gardin J, Griffin 

ML, Gourevitch MN, Haller DL, Hasson AL. 

Adjunctive counseling during brief and 

extended buprenorphine-naloxone 

treatment for prescription opioid 

dependence: a 2-phase randomized 

controlled trial. Archives of general 

psychiatry. 2011 Dec 5;68(12):1238-46. 

[Crossref], [Google Scholar], [Publisher] 

56. Zgierska AE, Burzinski CA, Cox J, Kloke J, 

Singles J, Mirgain S, Stegner A, Cook DB, 

Bačkonja M. Mindfulness meditation-based 

intervention is feasible, acceptable, and safe 

for chronic low back pain requiring long-term 

daily opioid therapy. The Journal of 

Alternative and Complementary Medicine. 

2016 Aug 1;22(8):610-20. [Crossref], [Google 

Scholar], [Publisher] 

57. Zheng Z, Guo RJ, Helme RD, Muir A, Da Costa 

C, Xue CC. The effect of electroacupuncture on 

opioid-like medication consumption by 

chronic pain patients: a pilot randomized 

controlled clinical trial. European Journal of 

Pain. 2008 Jul 1;12(5):671-6. [Crossref], 

[Google Scholar], [Publisher] 

 

  
 


