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LAY ABSTRACT 
 
 It is important to evaluate analgesic interventions to decrease pain, improve 
function, and lessen health care costs. In a randomized controlled trial of day surgery 
patients, we demonstrate that there are no differences between morphine and 
hydromorphone in achieving pain relief and common side effects. To prevent persistent 
post-surgical pain in patients having elective video-assisted thoracic surgery lobectomies, 
we performed a 2×2 factorial, feasibility randomized controlled trial, to compare N-
methyl-D-aspartate antagonists versus placebo, and intravenous steroids versus placebo. 
We observe that appropriate protocol changes must be made before embarking on a 
larger trial. Finally, we report our systematic review and meta-analysis on the use of 
gabapentinoids in adult patients with chronic low back pain and observe that the existing 
evidence is small and not supportive, and the use of gabapentinoids for chronic low back 
pain merits caution.  
  



iv 
 

ABSTRACT 
 
 Acute and chronic pain conditions cause significant patient distress, interference 
with daily activities, and increased health care costs. It is important to evaluate analgesic 
interventions to improve pain relief, function, quality of life, and also to prevent 
persisting pain after surgery. This thesis is a combination of studies evaluating analgesic 
interventions in the setting of acute surgical pain; prevention of persistent post-surgical 
pain; and chronic low back pain. In part 1, we report our comparison of morphine and 
hydromorphone in 402 ambulatory surgery patients, for their ability to achieve 
satisfactory analgesia with minimal emesis using a design of multicentre randomized 
controlled trial. We observed no differences in their analgesic potential and common side 
effects and note that appearance of side effects is likely to be idiosyncratic. In part 2, we 
report our 2×2 factorial feasibility trial to prevent persistent post-surgical pain in patients 
having elective video-assisted thoracic surgery lobectomies, comparing N-methyl-D-
aspartate antagonists versus placebo, and intravenous steroids versus placebo. As our 
feasibility outcomes were not met, we suggest appropriate considerations for protocol 
changes before embarking on a definitive larger trial. In part 3, we report on our 
systematic review and meta-analysis assessing the effectiveness and safety of 
gabapentinoids (gabapentin and pregabalin) in adult patients with chronic low back pain. 
We observed that the existing evidence is small and there is minimal improvement in 
pain and other outcomes with potential for adverse events. We suggest that the use of 
gabapentinoids for chronic low back pain merits caution and there is need for large high-
quality trials.   
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“No doubt Pain as God’s megaphone is a terrible instrument”. 
C.S. Lewis, The Problem of Pain 

 
 Pain is a universal human experience. As a physiological sensation, its function is 
to protect an individual from bodily harm. However, pain is not a pleasant experience and 
the word ‘pain’ is associated with physical and emotional distress, and helplessness. 
Throughout human history, people have attempted to understand pain, which is derived 
from the Latin word called poena (punishment). Well known Greek philosophers 
Aristotle and Plato believed pain to be an emotion and not a sensation. Rene Descartes, 
who wrote the Treatise of Man (1664), is credited with the specificity theory of pain and 
to the recognition that pain happens due to a disturbance that is passed down along nerve 
fibers until it reaches the brain. This led to the foundations of subsequent understanding 
and transformed the perception of pain from a spiritual experience to a physical 
sensation. The International Association for the Study of Pain (IASP) came out with their 
first definition of pain in 1979, as "an unpleasant sensory and emotional experience 
associated with actual or potential tissue damage or described in terms of such damage"1. 
What sets out pain from other physiological sensation is the subjective nature of effects 
resulting from an actual or potential tissue damage. The experience of pain is thus a 
uniquely personal experience. Although, access to pain treatment is considered a 
fundamental human right across the world, it is important to acknowledge that a major 
gap exists between our understanding of the pathophysiology of pain and its adequate 
management2. Inadequate treatment of pain not only leads to individual physiological and 
psychological suffering, it also impacts the patient’s family and the society as a whole. 
Need for better treatment of pain is observed both with the acute and chronic pain 
settings. Among factors leading to inadequate pain treatment, lack of available evidence-
based interventions is an important limitation3. This sandwich thesis consists of three 
parts, each of which separately deals with an assessment of an analgesic intervention, in a 
particular context and patient population. In the following paragraphs, I summarize the 
background, the primary objective and methodology of each of these investigations.  
 
Contents of the Thesis 
 Part 1: The pathophysiology of pain is relatively better understood for acute pain 
conditions than for chronic pain. Still, 30-40% of surgical patients suffer from 
inadequately treated pain, worldwide3. In a 2008 survey of 1490 patients in Netherlands, 
41% of patients had moderate to severe pain on the first day of surgery, despite the 
presence of an acute pain protocol4. As there has been a significant increase in the 
proportion of ambulatory surgeries, it is important to address the aspect of postoperative 
analgesia in this group of patients. Day surgeries pose unique challenges as patients are 
discharged home on the same day. Pain and postoperative nausea-vomiting (PONV) are 
the leading factors affecting its quality of services5,6, affecting the recovery, discharge, 
and overall satisfaction of day surgery patients7,8. For the management of postoperative 
pain, multimodal analgesia is frequently employed. Despite efforts to increase the use of 
other options, opioids have remained the primary modality in moderate to severe pain, 
especially for surgeries involving abdomen and pelvic structures, wherein effective 
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regional analgesic choices are limited9. Although opioids are potent analgesics, their use 
is akin to a double-edged sword, as they cause several side effects such as drowsiness, 
sedation, PONV, itching and respiratory depression. In such a scenario, it is important for 
a clinician to choose an opioid that is clinically superior, based on patient important 
outcomes. In chapter 2, we describe the burden of pain and PONV in day surgery 
patients and the use of opioids for treating postoperative pain. We note the limitations of 
existing evidence with respect to choosing between morphine versus hydromorphone, as 
the opioid of choice in the immediate postoperative period, and describe our methods to 
compare the two opioid medications. In chapter 3, we report the results of our 
multicentre, randomized control trial (RCT) of morphine versus hydromorphone in day 
surgery patients, with the primary objective of comparing the proportion of patients with 
Satisfactory Analgesia and Minimal Emesis during their stabilisation in post anesthetic 
care unit (PACU). 
 
 Part 2: There is increasing recognition of a not so uncommon state of persisting 
pain after a successful surgery. This state of persistent post-surgical pain (PPSP) is 
defined as the pain which develops or increases after a surgical procedure and it affects 
10-50% of the surgical population10,11. Thoracic surgeries have a high risk of PPSP, 
affecting 25—60% of patients12. The pathophysiology of PPSP is full clear. However, it 
is likely that several surgical and patient factors independently influence the development 
of PPSP as a result of changes involving peripheral and central sensitization that happens 
during surgery13. N-methyl D-aspartate receptors have been observed to play a central 
role in the development of pathological pain and many of these changes can be 
potentially altered by NMDA antagonists14. Similarly, subclinical changes of neuro-
inflammation15,16 may result in neuropathic pain that persists beyond the healing period. 
Although the context of surgery allows us to intervene to minimize the chances of PPSP, 
existing strategies have not been effective at preventing PPSP17 and presently, there is no 
established effective method of preventing PPSP after thoracic surgery. As NMDA 
antagonists and steroids can modify pain pathways, and inflammatory-immune pathways, 
they carry the potential to prevent the development of PPSP. Since these agents act 
through different biological mechanisms, and we are unaware of any biological reason 
for a negative interaction, it is appropriate to study their effects in a factorial design. By 
including all patients for both interventions, factorial design RCT’s are more efficient to 
test 2 different interventions, using a smaller sample size and making better use of study 
resources, in comparison to a parallel group RCT18. In chapter 4, we report our feasibility 
2×2 factorial trial comparing NMDA antagonists versus placebo and IV steroids versus 
placebo, in patients having elective video-assisted thoracic surgery (VATS) lobectomies, 
with an aim to establish the feasibility of a large multi-centre trial. In the introduction to 
this chapter, we describe the potential etiological considerations and the need to look at 
interventions in preventing PPSP in patients having thoracic surgery. We also review the 
existing evidence to support our rationale for considering NMDA antagonists and 
steroids, as interventions to prevent PPSP in a larger RCT.  
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 Part 3: Chronic Low Back Pain (CLBP) is very common, with a lifetime 
prevalence between 51 and 80%19. It causes significant pain, suffering, impairment of 
daily activities, and decreased quality of life20. Among chronic conditions CLBP has been 
noted to be the leading cause of years lived with disability21. The pathophysiology of 
CLBP is unclear in a majority of patients. Gabapentinoids (pregabalin and gabapentin) 
belong to the class of antiepileptic medications and act at the α-2 delta2 subunit of 
presynaptic voltage-dependent calcium channels, there by modulating pathologically 
enhanced neurotransmission in the primary afferent neurons22. Both of them are approved 
for use in neuropathic pain conditions23,24. Despite unclear evidence, the use of 
gabapentinoids (pregabalin and gabapentin) for chronic pain conditions have increased 
over the years25. This is a cause for concern as gabapentinoids have been associated with 
adverse effects26, and misuse27, and many of these indications are off-label28. In chapter 
5, we describe the burden of CLBP and its etiological and treatment considerations. We 
also summarize the limitations of existing evidence when it comes to use of analgesic 
medications, apart from reporting our methodology to review the existing evidence on the 
use of gabapentinoids for CLBP. Our primary objectives were to assess the pain relief 
and safety. In chapter 6, we report on our systematic review and meta-analysis of RCTs 
assessing the benefits and safety of using gabapentinoids in CLBP.  
 In chapter 7, we discuss the findings arising out of all the previous chapters, in 
the context of our entire thesis. We propose considerations for future research and clinical 
practice.   
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PART 1: Analgesic Intervention in Acute Surgical Pain 

 

 

 

 

 

 

 

 

 

 
  



Ph. D. Thesis-H. Shanthanna; McMaster University-Department of HEI 

6 
 

Chapter 2: The need to evaluate the most effective opioid for day surgeries causing 
moderate to severe pain-a protocol for a randomized control trial 

 
 
 

Introduction  
 
Over the last few decades, there has been an exponential increase in the number of day 
surgeries. Despite advances, inadequate pain control and postoperative nausea vomiting 
(PONV) affects the recovery, discharge and overall satisfaction of day surgery patients. 
For moderate to severe pain, opioids remain the primary modality of analgesia. 
Considering opioid related side effects, health providers must carefully select an opioid 
which maximises analgesia and minimizes side effects. This chapter highlights the 
challenges of choosing the appropriate opioid in the context of acute surgical pain that is 
associated with day surgeries. It also describes the protocol and methods that were used 
in the randomized controlled trial comparing morphine (M) and hydromorphone (HM), 
with the primary objective of achieving satisfactory analgesia with minimal emesis.  
 
This chapter has been published in the journal BMJ Open and is an open access article 
distributed in accordance with the Creative Commons Attribution Non-Commercial (CC 
BY-NC 4.0) license. The existing copyright allows for including this in this thesis.  
 
Citation: Shanthanna H, Paul J, Lovrics P, Devereaux PJ, Bhandari M, Thabane L. 
Satisfactory Analgesia with Minimal Emesis in Day Surgeries (SAME DayS): a 
protocol for a randomised controlled trial of morphine versus hydromorphone. BMJ  
Open. 2018 Jun 22;8(6):e022504. 
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Chapter 3: Comparison of Morphine and Hydromorphone in Same Day Surgeries 
 
 

Introduction 
 
Opioids remain the mainstay therapy for post-surgical pain. Although both morphine 
and hydromorphone are potent analgesics, it has been suggested that hydromorphone is 
clinically better. We performed a multicentre RCT in 402 patients having ambulatory 
surgery. Our primary objective was to compare morphine with hydromorphone for 
achieving satisfactory analgesia with minimal emesis (SAME). A random computer-
generated allocation, stratified by site, was developed by our pharmacy. Concealment 
was achieved by allocating patients to study groups by nurses using sequentially coded 
study medication syringes having equi-analgesic doses, made available in 
the postoperative recovery room. Patients, health providers, and research personnel were 
blinded. The operating-room protocol allowed for routine anaesthetic management, 
excluding the use of study medications. Study medications were administered by 
recovery nurses as per an algorithm. Analyses utilised the intention-to-treat principle, and 
regression analyses were used for outcomes as appropriate and using multiple imputation. 
Of 751 patients, 402 were randomised between morphine (n=199) and hydromorphone 
(n=203). Baseline and intraoperative variables were comparable across the groups. The 
odds of achieving SAME were similar between the groups (odds ratio: 1.01; 95% 
confidence interval: 0.57–1.80). There were no differences in the side-effects of 
severe itching, respiratory depression, or sedation. Patient satisfaction, discharge times, 
and post-discharge outcomes, including pain and nausea/vomiting over 24 h, were also 
comparable. We conclude that there is no difference between morphine and 
hydromorphone regarding analgesia and common side-effects. The appearance of dose-
limiting side-effects is idiosyncratic; the clinical decision must be based on individual 
responses.  
 
Permission to include this in this thesis has been confirmed with the Copyright Clearance 
Center of Elsevier (publisher). 
Citation: Shanthanna H, Paul J, Lovrics P, Vanniyasingam T, Devereaux PJ, Bhandari 
M, Thabane L. Satisfactory analgesia with minimal emesis in day surgeries: a 
randomised controlled trial of morphine versus hydromorphone. Br J Anaesth. 2019  
Jun;122(6):e107-e113. 
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Supplementary Appendix 1: Post Anaesthetic Care Unit Protocol (titrate the opioid 
medication to achieve the desired pain score) 
 
• Patient to be asked for their pain score upon entry, and if it is more than 4 out of 10 

(NAS): to receive the 1st dose within 5 minutes after coming to PACU: 0.04 mg∙kg–1 
morphine units (rounding off to the nearest 1 mL or 0.5 mL); with a maximum of 3 
mg of morphine equivalents. 

• Repeat doses: 0.02 mg∙kg–1 morphine unit every 5–10 minutes to titrate for analgesia 
and side effects (rounding off to the nearest 1 mL or 0.5 mL). 

• If no side effects observed-titrate to have analgesia: NAS ≤4/10. 
• PONV observed: record it and treat it with antiemetics (ondansetron 1–4 mg IV, 

dimenhydrinate 25–50 mg). 
• Sedation observed (<3-Ramsey Sedation Scale)-withhold the next dose and restart the 

bolus if the score is >3. 
• Respiratory depression: withhold the next dose, treat with naloxone if necessary. 
• Use ketorolac IV 15–30 mg as the rescue medication if the patient does not tolerate 

the study opioid or if the patient does not satisfy the success of satisfactory analgesia 
even at 1 hour. 
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Supplementary Appendix 2: Types of surgery within the study groups 

 Hydromorphone 
(n=203) 

Morphine (n=199) 

Excision of ovarian cyst or 
resection of endometriosis 

12 21 

Appendectomy 5 2 

Cholecystectomy 64 68 

Ventral/Umbilical/Incisional  
Hernia 

78 65 

Laparoscopic Salpingo-
oophorectomy 

36 32 

Diagnostic laparoscopy and lysis 
of adhesions 

2 6 

Tubal ligation 6 5 
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PART 2: Analgesic Intervention to Prevent Persistent Post-Surgical Pain 
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Chapter 4: Preventing persisting post-surgical pain after thoracoscopic lobectomy 
surgeries, a pilot randomized factorial design randomized control trial 

 
 

Introduction 
 
Persistent post-surgical pain (PPSP) is considered as pain that develops or increases after 
a surgical procedure and affects 10–50% of surgical population. The consequences of 
PPSP include physical and emotional suffering, leading to chronic pain, disability, poor 
quality of life, and increased health costs. Presently, there is no established effective 
method of preventing PPSP after thoracic surgery. We conducted a feasibility 2×2 
factorial trial comparing N-methyl-D-aspartate (NMDA) antagonists versus placebo and 
intravenous steroids versus placebo, in patients having elective video-assisted thoracic 
surgery lobectomies, at St. Joseph’s Hamilton, Canada (site 1) and Cleveland Clinic, 
Cleveland, USA (site 2). Our feasibility objectives were: 1) recruitment rate per week; 2) 
recruitment of ≥90% of eligible patients; and 3) >90% follow-up. Secondary objectives 
were incidence and intensity of persistent post-surgical pain (PPSP) using 0–10 
numerical rating scale (NRS), and other clinical outcomes. Using a computerized 
randomization system, patients were allocated to one of the four study groups: NMDA 
active with steroid placebo; NMDA placebo with steroid active; both NMDA and steroid 
active; both NMDA and steroid placebo. Patients, health providers, and data analysts 
were blinded to allocation. Patients were followed for three months after randomization. 
Out of 41 eligible patients, 27 (66%) were randomized. The trial was stopped after one-
month recruitment at site 2, because the study medication expired. At site 1 and 2, the 
recruitment rate per week was 0.63; 95% confidence interval (CI) (0.47–0.79); and 1 
(0.83–1.17); and the follow-up was complete for 100% and 66.7% of patients, 
respectively. In total, only 4 patients (15%), and 2 patients (7%) had PPSP at rest, and 
with movement, respectively. There were no significant differences between groups in 
clinical outcomes. Based on these outcomes we conclude that considerations for protocol 
changes are necessary if a larger trial is to go forward.   
 
Status: This chapter is being prepared for a journal submission. 
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ABSTRACT  
 
Objective: We conducted a feasibility 2×2 factorial trial comparing N-methyl-D-
aspartate  (NMDA) antagonists versus placebo and intravenous steroids versus placebo, 
in patients having elective video-assisted thoracic surgery lobectomies, at St. Joseph’s 
Hamilton, Canada (site 1) and Cleveland Clinic, Cleveland, USA (site 2). Our feasibility 
objectives were: 1) recruitment rate per week; 2) recruitment of ≥90% of eligible 
patients; and 3) >90% follow-up. Secondary objectives were incidence and intensity of 
persistent post-surgical pain (PPSP) using 0–10 numerical rating scale (NRS), and other 
clinical outcomes. 
Methods:  Using a computerized randomization system, patients were allocated to one of 
the four study groups: NMDA active with steroid placebo; NMDA placebo with steroid 
active; both NMDA and steroid active; both NMDA and steroid placebo. Patients, health 
providers, and data analysts were blinded to allocation. Patients were followed for three 
months after randomization.  
Results: Out of 41 eligible patients, 27 (66%) were randomized. The trial was stopped 
after one-month recruitment at site 2, because the study medication expired and there was 
no supply from our source. At site 1 and 2, the recruitment rate per week was 0.63; 95% 
confidence interval (CI) (0.47–0.79); and 1 (0.83–1.17); and the follow-up was complete 
for 100% and 66.7% of patients, respectively. In total, only 4 patients (15%), and 2 
patients (7%) had PPSP at rest, and with movement, respectively. There were no 
significant differences between groups in clinical outcomes.  
Conclusion: Our trial feasibility objectives were not met and considerations for protocol 
changes are necessary if a larger trial is to go forward.   
 
Trial Registration: NCT02950233 
Funding: 2016, Michael G DeGroote Institute of Pain Research and Care grant, $ 30,000 
(CAD) and 2016 Carl Koller Memorial Research Grant award, American Society of 
Regional Anesthesia and Pain Medicine, $50,624 (USD) 
 
Ethical committee approvals: An ethical approval was obtained from Hamilton 
Integrated Research Ethics Board, # 2305, on March 23, 2017; and IRB of Cleveland 
Clinic #17-1608, on March 1, 2018.   
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Introduction 
Burden of the problem and etiological considerations 
 Persistent post-surgical pain (PPSP) is defined as pain that develops or increases 
after a surgical procedure. It is known to affect 10–50% of the surgical population (1, 2).  
The incidence of PPSP after thoracic surgeries is as high as 25–60% (3). Video-assisted 
thoracic surgeries (VATS) are assumed to have a lower incidence of PPSP compared to 
open thoracic surgeries; however, the existing literature is limited (4, 5). The 
consequences of PPSP include physical and emotional suffering, leading to chronic pain, 
disability, poor quality of life, and increased health costs (6). Presently, there is no 
established effective method of preventing PPSP after thoracic surgery. The factors 
contributing to the high incidence of PPSP after thoracic surgeries are not entirely clear. 
It is likely that several surgical and patient factors independently influence the 
development of PPSP. Surgical injury leads to changes of peripheral and central 
sensitization. The changes involved in these sensitization processes have the potential to 
cause pathological, persistent pain due to neuroplasticity (7). The underlying nature of 
PPSP after thoracic surgeries is not fully understood. Based on the available evidence, it 
is considered to be predominantly neuropathic. The neuropathic component may not be 
due to direct nerve injury (8), as nerve-sparing surgeries do not seem to prevent or predict 
the development of PPSP (9, 10); however, subclinical changes of neuro-inflammation 
(8, 11) may result in neuropathic pain, which is associated with more severe persistent 
pain and has substantial impact on patients’ lives (12) (13).  
Study Interventions 
 Ketamine is a potent anesthetic and analgesic agent (14) and acts by blocking N-
methyl-D-aspartate (NMDA) receptors via a non-competitive mechanism (15). Low-dose 
ketamine has been effectively used to improve perioperative analgesia and to decrease 
opioid requirements (16).  At subanesthetic doses (1–6 mcg/kg/min), ketamine can have 
anti-hyperalgesic effects, without significant cardiovascular and respiratory adverse 
effects (17, 18). The Cochrane review noted 14 randomized control trials (RCTs) on the 
use of ketamine for preventing PPSP (19).  Although they did not find any significant 
evidence supporting ketamine for outcomes at three months (5 studies), a sub-analysis of 
studies using >24 hours infusion showed results favoring ketamine, odds ratio (OR), 
0.37; 95% confidence interval (CI), 0.14 to 0.98. At six months (8 studies), the results 
favored the use of ketamine, irrespective of the duration of infusion, OR, 0.50; 95% CI, 
0.33 to 0.76.  Memantine is an oral NMDA receptor antagonist that blocks the sustained 
activation of the receptor, such as that occurring under pathological conditions. It is 
100% bioavailable after an oral dose, undergoes minimal metabolism, and exhibits a 
terminal elimination half-life of 60 to 80 hours. (20). A recent review looking at the use 
of memantine for preventing PPSP observed that there is potential for decreasing the 
intensity of PPSP based on two RCTs, a mean difference in the end score of 1.02 units in 
a 0–10 numerical rating scale (NRS), where 0=no pain and 10=maximum pain (95% CI, 
1.38 to 0.66) (21). Use of oral memantine after ketamine infusion may facilitate sustained 
NMDA blockade after surgery (22).   
 Steroids are potent anti-inflammatory agents affecting both inflammatory and 
immune pathways (23, 24). Among the commonly used agents, dexamethasone is nearly 
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five times as potent as methylprednisolone and has a biological half-life of 36–72 hours 
(23). The benefits of using steroids in surgical population include decreased postoperative 
nausea-vomiting (PONV), improved analgesia, earlier discharge, and better satisfaction 
(25) (26). Steroids have been safely used to improve perioperative outcomes in 
abdominal (27), orthopedic (28), and other surgeries (29). Although the potential for 
steroids to modify PPSP exists (1, 28, 30), it has not been well studied (19). No study has 
attempted to evaluate the effect of two doses of a long-acting steroid in moderate doses.   
Summary 
 PPSP after VATS lobectomy is an important health problem for which there is no 
established method of prevention. NMDA antagonists and steroids can modify pain 
signaling-sensitization pathways, and inflammatory-immune pathways, and hence may 
prevent the development of PPSP. Since these agents act through different biological 
mechanisms, and we are unaware of any biological reason for any negative interaction, it 
is appropriate to study their effects in a factorial design to increase efficiency. This pilot 
trial was proposed to establish the feasibility of a large multicentre trial.   
Objectives 
 Our feasibility objectives included determining the feasibility of recruiting 
eligible patients and patients completing the three months follow-up. Our clinical 
objectives included determining the effect of NMDA antagonists and intravenous (IV) 
steroids in patients having VATS lobectomies on the: 1) incidence of PPSP with 
movement three months after randomization; 2) intensity of PPSP at rest and with 
movement at three months after randomization; 3) rate of change of postoperative pain 
intensity over time; 4) use of narcotic analgesic medication >3 days/weeks beyond 4 
weeks after randomization; 5) presence of neuropathic pain; 6) incidence of pain 
interfering with the activities of daily living; 7) thoracic surgery-specific activity 
limitations; 8) change in global health status; 9) quality of life; and 10) incidence of 
adverse effects. 
   
Methods 
 The PAIN-STOP pilot trial was a multicentre RCT using a 2 × 2 factorial design 
to evaluate NMDA antagonists versus placebo, and dexamethasone versus placebo. 
Randomization was stratified by site. Patients, health care providers, data collectors, 
outcome adjudicators, and investigators were blinded to treatment allocation.  The trial 
was conducted in two centres: St Joseph’s Hospital, Hamilton, Canada (site 1), and 
Cleveland Clinic, Cleveland, USA (site 2).   
Patient Selection 
 Inclusion and exclusion criteria: Patients were eligible if they were between 18–
75 years of age, were scheduled for elective VATS pulmonary lobectomy, and provided 
informed consent to participate. Patients were excluded if they met one or more of the 
following criteria: not willing to participate; existing pain on the same side of the chest of 
moderate to severe intensity (>3/10 in 0–10 NRS, where 0=no pain and 10=maximum 
pain); current history of intracranial mass or cerebral aneurysm or raised intraocular 
pressure; glomerular filtration rate <30 mL/min based on creatinine clearance; known 
allergies to one or more of the study medications; history of steroid treatment >10 mg/day 
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of prednisolone or its equivalent for >3weeks within the 3 months before randomization; 
history of schizophrenia or bipolar disorder; current history of drug addiction 
(prescription or non-prescription drug addiction diagnosed by a physician, excluding 
alcohol); pregnancy; and previous participation in the PAIN-STOP trial. 
 Patient recruitment: Eligible patients were identified from the thoracic surgery 
operating room booking list and approached by the research personnel during their pre-
surgical consult. To provide study information and to enhance patient participation, 
patients were provided with an information brochure (Appendix 1) about postoperative 
pain and its treatment. They were also informed about the risk of PPSP after VATS 
procedures and its burden. Patients fulfilling the selection criteria were consented. Study 
personnel collected baseline information including patient demographics, smoking 
history, diagnosis, and history of radiation or chemotherapy. The following additional 
baseline information was collected from each consenting patient: 1) Hospital Anxiety and 
Depression Score (31); 2) Pain Catastrophizing Score (32); 3) pain elsewhere in the body 
and its severity; and 4) the use of any ongoing analgesic medications.  
Assignment of Interventions  
 Randomization was performed before surgery via an Interactive Web 
Randomization System (IWRS). The IWRS is a 24-hour computerized internet 
randomization system maintained by the coordinating centre at the Population Health 
Research Institute, McMaster University in Hamilton, Ontario, Canada. Patients were 
randomized using block randomization stratified by centre, in a 1:1:1:1 fashion to 
receive, 1) NMDA active and dexamethasone placebo; 2) dexamethasone active and 
NMDA placebo; 3) NMDA active and dexamethasone active; 4) NMDA placebo and 
dexamethasone placebo. Patients, health care providers, data collectors, data analysts, and 
outcome adjudicators were masked to treatment allocation. The research personnel 
obtained the masked study medication kit from the hospital pharmacy, and delivered it to 
the anesthesiologist, and the nursing staff who provided these drugs to the patients in 
hospital. 
Study Interventions 
 NMDA antagonist treatment included active ketamine administered at 0.5 
mg/kg as an IV bolus during induction, and 0.1 mg/kg/hr IV infusion starting in the post-
anesthetic care unit, and continuing up to 24 hours or until discharge from a monitored 
bed. Placebo ketamine (0.9% normal saline solution) was administered by infusion at the 
same rate and duration as above. Starting on the 1st postoperative day, oral memantine (or 
matching placebo) was self-administered at 5 mg BID for the 1st week and increased to 
10 mg BID starting in week 2, and continued until the end of 4 weeks after surgery.  The 
steroid intervention involved 25 mg of IV dexamethasone administered in a 50 mL 
normal saline bag, post-induction before incision, and on the morning of post-operative 
day 2. For patients allocated to placebo, 50 mL of saline was administered at the same 
time points.  
Monitoring and safety of ketamine administration 
 As necessitated by the hospital policy and as suggested by the existing guidelines, 
study patients were observed in a high dependency bed (step down unit) and monitored 
for respiratory rate, continuous electrocardiogram, blood pressure, sedation level, oxygen 
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saturation, and pain scores (33). Infusion of ketamine or placebo was titrated to side 
effects such as disorientation, dystonia, sedation, hallucination, nightmares, and delirium. 
Observation of one or more of the above side effects required stopping the infusion until 
the side effect resolved and restarting at half the dose rate. If the same side effect 
occurred again the infusion was discontinued. The reason for decreasing the 
concentration or stopping the infusion was noted.  
Surgical Protocol 
 All study patients were planned to have elective VATS lobectomy under general 
anesthesia using appropriate IV induction and inhalational medications. Intraoperative 
analgesia was provided using IV opioids, with or without IV ketorolac 15–30 mg, as 
decided appropriate by the treating anesthesiologist. All patients had continuous 
electrocardiogram, oxygen saturation, intra-arterial blood pressure, and urinary catheter 
monitoring, as required by local standard practices. At the end of surgical procedure, all 
patients had local anesthetic infiltration to sites of trochar insertion, and intercostal block 
above and below the site of chest tube insertions with 0.25% bupivacaine with or without 
adrenaline. The anesthesiologist administered the study medications. In the event of 
conversion of VATS to open procedure, the study drug administration continued. For 
these patients, decision on the intraoperative placement of paravertebral catheter or 
postoperative placement of thoracic epidural catheter was done on a case-by-case basis, 
as per the decision of the involved surgeon and the anesthesiologist. Analgesia was 
provided with opioid-based patient controlled analgesia (PCA) along with non-steroidal 
anti-inflammatory drugs (NSAIDs).  
Post-discharge Care 
 Patients continued with their regular prescription medications that they had before 
surgery along with study medications continued up to one month. For the first two weeks, 
post-discharge analgesia included around-the-clock NSAIDs plus moderate-strength 
opioid, such as codeine plus acetaminophen or oxycodone plus acetaminophen, for 
regular and breakthrough pain. Following this, analgesic prescriptions were made based 
on individual patient’s need. Use of opioid analgesia was recorded in a pain diary and 
follow-up phone calls. Patients were not allowed the use of other atypical analgesics such 
as antidepressants or gabapentinoids, unless patients had been on these medications 
before surgery. For patients with PPSP at three months, referral arrangements for the 
assessment and management of persistent pain at the respective hospital’s chronic pain 
clinic were made. 
Patient Follow-up 
 Study personnel followed patients daily in hospital and ensured compliance with 
study medications and recorded outcomes. Patients were contacted by phone on day 8 
and two months post-randomization. Patients completed a diary with daily recording of 
drug intake, pain scores, and analgesic use for the first 30 days; and one to thrice-weekly 
recording of pain scores at rest and with movement, and analgesic use from 30 days to 
three months post-randomization. Patients were encouraged to visit the hospital at the end 
of one month and three months post-randomization (final follow-up).  Research personnel 
coordinated these visits with the surgeon’s office to facilitate patient attending a surgical 
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and study follow-up on the same day. For patients unable to make a visit, a phone follow-
up was arranged.  
Study Outcomes 
 The primary (feasibility) outcomes included the ability to: 1) recruit at least four 
patients per month per site; 2) recruitment of ≥90% of eligible patients; and 3) obtain a 
follow-up in >90% of enrolled patients at three months.  
Secondary outcomes included the primary and secondary outcomes for the main clinical 
trial as summarized in Table 1, collected at three months after randomization, unless 
stated otherwise. Adverse outcomes were noted as tertiary outcomes from the time of 
randomization up to three months (Table 1).  
Blinded outcome adjudicators (expert physicians) adjudicated the outcomes of 
pneumonia and persistent air leak, which were used for analyses of these events.   
 

Table 1: Secondary and tertiary outcomes 
Secondary Outcomes: The following were collected at three months after 
randomization, unless otherwise specified. 

1.  Incidence of PPSP (>3/10 on a 0–10 NRS) with movement (34).  
2.  Intensity of PPSP, (i.e., average NRS score during the last week). 

3.  The rate of change of postoperative pain intensity from surgery up to three 
months after randomization (pain trajectory) (35).  

4.  Use of narcotic analgesic medication >3 days/week beyond four weeks after 
randomization. 

5.  Presence of neuropathic pain (i.e., >3 out of 7 items using DN4 scale) (36).  

6.  Difference in interference with activities of daily living measured using BPI 
interference score (34). 

7.  Difference in thoracic surgery-specific activity limitations (37).   
8.  Global health status measured using GIC (34).   
9.  Difference in quality of life using EORTC QoL-30 (38). 
Tertiary Outcomes: The incidences of adverse outcomes were noted from 

randomization up to three months. 
1.  Myocardial infarction  
2.   Myocardial injury after non-cardiac surgery (39).  
3.  Postoperative pneumonia 
4.  Prolonged air-leak 
5.  New intubation and positive pressure ventilation 
6.  Surgical site infection 

PPSP: persistent post-surgical pain; NRS: numerical rating scale; DN: Douleur 
Neuropathique; BPI: Brief Pain Inventory; GIC: global impression of change; QoL: 
quality of life; EORTC: European Organization for Research and Treatment of Cancer 

 
Statistical Analyses and Sample Size 
 The analysis and reporting of results was performed according to CONSORT 
guidelines extension to pilot and feasibility RCTs (40).  We analyzed patients in the 
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treatment group to which they were allocated, according to the intention-to-treat 
principle, and patients lost to follow-up were censored at the time they were lost to 
follow-up.  As a feasibility study, analysis of all clinical outcomes was exploratory.  
Feasibility outcomes were assessed as proportions and rates with 95% CI. For the 
analysis of clinical outcomes, we compared patients allocated to ‘NMDA antagonists’ to 
‘NMDA placebo’ and patients allocated to ‘steroids’ to ‘steroid placebo’. Analysis of 
continuous outcomes was based on independent t test, and binary outcomes on logistic 
regression. The results on the estimates of effect are reported as mean difference for 
continuous outcomes and OR for binary outcomes, with corresponding 95% CI. No 
interim analyses were planned. For pain trajectory-representing the change in 
postoperative pain over time, repeated pain measures were analyzed using a mixed 
effects model to obtain slope and curve for treatment and placebo groups (41). All 
analyses were performed using SAS 9.2 (Cary, NC). Sample size was based on feasibility 
considerations (42, 43) with a total sample of 48 patients, with 12 in each group.  This is 
considered appropriate for a pilot feasibility trial.  
 
Results 
 The study was initiated at site 1 on May 3, 2017 and at site 2 on April 5, 2018. 
Out of 98 patients screened for eligibility, 27 were randomized, and all except one patient 
completed the final three-month follow-up. We had to stop recruitment on April 20, 2018 
because the packaged study medications were expiring and there was no available supply 
of 5 mg memantine tablets from our source. The CONSORT flow chart (Figure 1) shows 
the patient flow and reasons for non-inclusion. The baseline characteristics of included 
patients are shown in Table 2.  No patients had a prior history of PPSP and scores for 
both anxiety and depression were high (indicative of severe rating) in all four groups. The 
mean dose of opioids (morphine equivalent dose per day) before surgery was similar. The 
intraoperative and postoperative characteristics of patients are summarized in Table 3. 
 

Table 2: Baseline Characteristics of Patients 
 NMDA active 

(n=13) 
Mean (SD) or 
Number (%) 

NMDA 
Placebo (n=14) 
Mean (SD) or 
Number (%) 

Steroid Active 
(n=14) 
Mean (SD) or 
Number (%) 

Steroid 
Placebo 
(n=13) 
Mean (SD) 
or Number 
(%) 

Age 65.9±6.4 63.9±8.4 66.4±6.4 63.2±8.4 

Male 6 (46.2) 7 (50.0) 5 (35.7) 8 (61.5) 

BMI 27.1±5.0 30.0±5.9 27.1±6.2 30.2±4.7 

History of chemo or 
radiotherapy for 
cancer in the last 12 
months 

2 (15.4) 1 (7.1) 2 (14.3) 1 (7.7) 
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History of previous 
chest surgery on the 
same side 

1 (7.7) 1 (7.1) 1 (7.1) 1 (7.7) 

History of chronic 
pain in other parts 
of the body 

2 (15.4) 4 (28.6) 3 (21.4) 3 (23.1) 

Prior history of 
PPSP 

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

HADS-Anxiety 
score 

18.2±3.4 18.9±1.1 18.6±2.5 18.6±2.5 

HADS-Depression 
score  

15.5±1.0 15.2±1.5 15.2±0.9 15.5±1.6 

Summary PCS 
score 

11.5±12.0 12.9±13.2 15.6±13.5 8.9±10.8 

Total dose of 
opioids as MED per 
day 

5.7±2.5 4.5±0.8 5.7±2.5 4.5±0.8 

NMDA: N-methyl-D-aspartate; SD: Standard deviation; BMI: Body mass index; HADS: 
Hospital anxiety and depression scale; PCS: Patient catastrophizing scale; MED: 
Morphine dose equivalent 

  
The most common diagnosis was primary lung cancer. Four patients needed conversion 
to open in the NMDA placebo, and steroid placebo groups, and had postoperative 
epidural or paravertebral catheters for analgesia. A majority of patients had only one 
chest drain of 28 French size. The utility incision performed to extract the resected lung 
tissue was less than 4 cm in most patients. The amount of PCA opioid used was higher in 
placebo groups compared to their respective active groups. Number of days with chest 
tube and total duration of hospital stay were similar across groups. One patient who had 
both active interventions had myocardial injury after noncardiac surgery (MINS).   
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Figure 1: CONSORT 2010 Flow Diagram 
 

 
 
 

Table 3: Intraoperative and postoperative characteristics of study patients 

 Steroid active 
(n=14) 

Steroid 
placebo 
(n=13) 

NMDA 
active (n=13) 

NMDA 
placebo 
(n=14) 

Operative Characteristics 
Diagnosis - N (%)                                                                                         
    Primary Lung Cancer                                                                              11 (78.6) 12 (92.3) 12 (92.3) 11 (78.6) 
    Metastasis                                                                              3 (21.4) 0 (0.0) 1 (7.7) 2 (14.3) 
    Infection                                                                               0 (0.0) 1 (7.7) 0 (0.0) 1 (7.1) 
Lobe Resected - N (%)                                                                                    
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    Upper                                                                                            8 (57.1) 9 (69.2) 10 (76.9) 7 (50.0) 
    Middle                                                                                           2 (14.3) 2 (15.4) 0 (0.0) 4 (28.6) 
    Lower                                                                                            7 (50.0) 4 (30.8) 5 (38.5) 6 (42.9) 
Conversion to Open-N(%)                                                                                                                                                              2 (14.3) 4 (30.8) 2 (15.4) 4 (28.6) 
Number of ports - N (%)                                                                                  
  1                                                                                                  1 (7.1) 1 (7.7) 1 (7.7) 1 (7.1) 
  2                                                                                                  1 (7.1) 0 (0.0) 1 (7.7) 0 (0.0) 
  3                                                                                                  8 (57.1) 7 (53.8) 6 (46.2) 9 (64.3) 
  4                                                                                                  4 (28.6) 3 (23.1) 4 (30.8) 3 (21.4) 
Number of ports with rib 
spreader - N (%)                                                            

0 (0.0) 2 (15.4) 1 (7.7) 1 (7.1) 

Number of chest drains - 
N (%)                                                                       

    

  1                                                                                                  12 (85.7) 9 (69.2) 11 (84.6) 10 (71.4) 
  2                                                                                                  2 (14.3) 3 (23.1) 1 (7.7) 4 (28.6) 
Largest chest tube size 
used - N (%)                                                                 

    

  24                                                                                                 1 (7.1) 0 (0.0) 1 (7.7) 0 (0.0) 
  28                                                                                                 12 (85.7) 11 (84.6) 10 (76.9) 13 (92.9) 
  Other (9)                                                                                           1 (7.1) 1 (7.7) 1 (7.7) 1 (7.1) 
Length of utility incision - 
N (%)                                                                   

    

    < 4 cm                                                                                          9 (64.3) 5 (38.5) 8 (61.5) 6 (42.9) 
    4-8 cm                                                                                         5 (35.7) 3 (23.1) 3 (23.1) 5 (35.7) 
    > 8 cm                                                                                         0 (0.0) 2 (15.4) 1 (7.7) 1 (7.1) 

Postoperative Characteristics 

ICU admissions after 
surgery N (%)                                                                   

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Need for continuous 
epidural or PVB for >6 
hours N (%)                                                

1 (7.1) 3 (23.1) 1 (7.7) 3 (21.4) 

Total Opioid used with 
PCA as MED* - Median 
(IQR)                                                    

15.0 (10.0-
45.0) 

40.0 (15.0-
80.0) 

15.0 (10.0-
95.0) 

30.0 (10.0-
60.0) 

Number of days with chest 
tube - Median (IQR)                                                        

2.0 (1.0-2.0) 2.5 (2.0-4.0) 2.0 (2.0-5.5) 2.0 (1.0-
3.0) 

Peak value of troponin 
measured during hospital 
stay - Median (IQR)                                  

17.5 (2.0-
32.0) 

3.0 (3.0-7.0) 17.5 (3.0-
32.0) 

3.0 (2.5-
5.0) 
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Total duration of hospital 
stay (days) - Median 
(IQR)                                                

4.0 (3.0-5.0) 5.0 (4.0-10.0) 5.0 (4.0-6.0) 4.0 (4.0-
7.0) 

NMDA: N-methyl-D-aspartate; IQR: interquartile range; SD: standard deviation; NRS: 
numerical rating scale; N: number; MED: Morphine dose equivalent; PCA: patient-
controlled analgesia 

 
Outcomes 
 Feasibility Outcomes: At site 1, the percentage of eligible patients recruited was 
65% (24/37). Out of 88 patients screened, 24 consented, and 13 refused; 30 were above 
the upper age limit; 15 patients were participating in a competing trial; and six were 
excluded (three due to known history of intracranial mass, two due to prior history of 
schizophrenia or bipolar disease, and one due to current pain on the same side of the 
chest). We only had two weeks of recruitment at site 2. Among nine patients screened, 
four were eligible, and three provided consent. The recruitment rate per week (95% CI) 
were 0.63 (0.47–0.79); and 1 (0.83–1.17), respectively, at sites 1 and 2. With only one 
patient lost to follow-up in site 2, the percentage of randomized patients with follow-up at 
three months after randomization was 100% and 66.7% at site 1 and 2, respectively.  
 Treatment Compliance and Follow-up: We were able administer study 
medications as per the protocol in all except one patient, as the anesthesiologist refused to 
administer the study medication. Only one other patient did not receive his second dose 
of steroid intervention. All other patients continued with their study medications.  
 Clinical Outcomes: At three months post randomization, the number of patients 
who had any PPSP (resting score >0 in 0–10 NRS), and PPSP on movements (>3 in 0–10 
NRS) were four, and two patients respectively. The secondary outcomes are shown in 
Table 4 and Figure 2 (rate of change in postoperative pain intensity), and Appendix 2 and 
3 (global change and quality of life). There were no important differences in any 
outcomes.  
 

Table 4: Summary of clinical outcomes 

Outcomes 
(all observed at 3 months after 
randomization except#) 

Steroid 
Active 

Steroid 
Placebo 

NMDA 
Active 

NMDA 
Placebo 

Intensity of PPSP (resting pain) on a 
scale of 0-10 NRS; Median (IQR) 

3.0 (2.0-
5.0) 

1.0 (1.0-
1.0) 

2.0 (1.0-
3.0) 

5.0 (5.0-
5.0) 

Incidence of PPSP with movement (> 
3/10 in 0-10 NRS); N (%) 

2 (14.3) 0 (0.0) 1 (8.3) 1 (7.1) 

Use of narcotic analgesic medication 
>3 days/week beyond 4 weeks#; N 
(%) 

5 (35.7) 3 (25.0) 4 (33.3) 4 (28.6) 

Presence of neuropathic pain as >3 
out 7 items using DN4 scale; N (%) 

1 (16.7) 0 (0.0) 1 (33.3) 0 (0.0) 
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We did not observe any influence of the study interventions on the resolution of 
postoperative pain intensity over time. The adjusted difference in mean intensity between 
treatment and placebo groups, and test for interaction effect for different time points were 
not significant (Figure 2). The tertiary outcomes are summarized in Table 5.  There were 
no deaths or major adverse effects due to treatment. 
 
 
 
Figure 2: Rate of change in postoperative pain intensity since surgery up to three 
months after randomization 
 

   

Interference in activities of daily 
living using BPI in patients with 
PPSP; Mean (SD) 

2.5±2.0 1.1±1.0 3.7±2.4 1.3±0.4 

Thoracic surgery-specific activity 
limitations; Mean (SD) 

0.6±0.7 0.2±0.2 1.0±0.8 0.2±0.2 

PPSP: persistent post-surgical pain; NMDA: N-methyl-D-aspartate; IQR: interquartile 
range; DN:  Douleur Neuropathique; BPI: Brief Pain Inventory; SD: standard deviation; 
NRS: numerical rating scale; N: number 
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Discussion 
 In this factorial design pilot trial comparing NMDA antagonists with placebo and 
steroids with placebo in VATS lobectomy patients, we were unable to demonstrate 
feasibility based on lower than expected recruitment rate, and other logistical challenges 
that did not allow us to complete the full study recruitment. We also observed that our 
estimate of patients suffering from PPSP at three months was lower than previously 
reported; only 2 of 27 patients (7%) fulfilled the criteria of PPSP with movement at three 
months after randomization. We also did not observe any particular effect of study 
interventions on postoperative pain resolution, either in direction or magnitude, except 
for differences in PCA opioid used during the postoperative stay in hospital (Table 2).  
 This feasibility trial involved significant challenges. It was planned as an 
international trial as we appreciated the need to involve other centres beyond Canada to 
recruit a relatively larger sample size for the main trial. The study interventions were not 
approved by the health regulatory agencies for preventing PPSP. This necessitated that 
we seek approval from Health Canada and Food and Drug Agency (FDA), apart from 
obtaining individual site ethics approval, which needed to be coordinated with the 
regulatory approvals as well. The trial involved the use of memantine, a drug that is 
approved for use in patients with Alzheimer’s disease. Its dosing recommendations 
include starting at 5 mg and titrated upwards to 10 mg twice a day over 2–4 weeks (44). 
However, most available preparations come as 10 mg tablets and patients are informed to 
take half of the tablet for the initial 5 mg dose, which is not appropriate for research (45). 

Table 5: Summary of tertiary outcomes 

Outcomes Steroid 
Active 
N (%) 

Steroid 
Placebo 
N (%) 

NMDA 
Active 
N (%) 

NMDA 
Placebo 
N (%) 

Myocardial 
infarction(MI)                                                                            

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Myocardial infarction 
after non-cardiac surgery 
(MINS)                                                

1 (7.7) 0 (0.0) 1 (7.1) 0 (0.0) 

Postoperative pneumonia                                                                              0 (0.0) 1 (7.1) 0 (0.0) 1 (7.7) 

Prolonged air-Leak                                                                                   1 (7.7) 0 (0.0) 0 (0.0) 1 (7.7) 

New intubation and 
positive pressure 
ventilation                                                     

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Surgical site infection                                                                              1 (7.7) 1 (7.1) 1 (7.1) 1 (7.7) 

NMDA: N-methyl-D-aspartate; N: number 
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Only some companies satisfy regulatory approvals for clinical use in both Canada and the 
USA (46). Furthermore, acquisition, preparation, and packaging of study medications 
(including over-encapsulation of placebo capsules) from an appropriate company, and 
submission of batch certificate number are needed for regulatory approvals. Although we 
were able to work in parallel towards overcoming the above challenges, some procedures 
needed to happen in sequence, and thereby delaying trial initiation at site 2. Although we 
initiated our process of ethics approval in September 2017 at site 2, for reasons beyond 
our control, we were unable get approval until March 2018. Finally, we were limited by 
the expiration of prepared study medications on April 20, 2018. Moreover, the source 
supplying our study medications was out of their supply of memantine 5 mg at that time.  
 Besides the above-mentioned challenges, we also faced recruitment challenges in 
site 1. Increased use of advanced technology provides minimally invasive options 
including robotic surgeries for lung resection (47). At both centres robotic lung resection 
surgery was an option, and at site 1, there was an active study comparing robotic versus 
VATS lobectomies that blinded patients for their procedures 
[https://clinicaltrials.gov/ct2/show/NCT02617186]. Since our trial involved selecting 
patients having VATS lobectomy, we were unable to approach 15 other eligible patients 
as it risked unblinding for this competing trial.  
Patient recruitment for clinical trials can be challenging (48, 49). In particular, 
recruitment for surgical trials is more unpredictable, sometimes with less than 50% 
recruitment rate (50). It is potentially possible that a certain degree of complexity in our 
trial and the need to be on study treatment for one month after surgery could have been a 
reason some patients declining participation. In our study, appreciating the need to better 
inform patients about the burden of PPSP, and the importance of our study, we prepared 
an information brochure (Appendix 1) using layman language. Since patient consent was 
planned to coincide with their preoperative visit, we prioritized to identify appropriate 
patients before this visit, and distribute this brochure. However, we faced challenges in 
identifying such patients ahead of time, due to clinical demands.  
 Although the burden of PPSP is high with thoracic surgery, its incidence after 
VATS lobectomies is not consistent across studies and can vary from 22 to 63% (4, 5, 
51). Based on the available literature, we estimated a lower limit of 20% incidence with 
movement. In our study, 28 patients were excluded based on the age limit. Younger age 
is considered an important risk factor for PPSP (1, 52). Although, we had initially 
considered to limit the upper age at 65 years, we expanded our upper limit to 75 years 
with an amendment to improve recruitment. Our consideration for limiting the age was to 
focus on a more susceptible population with a higher incidence of PPSP. Despite this, we 
observed a PPSP rate of 15% at rest and 7% with movement (clinically important PPSP). 
Since this is a pilot study, it is not appropriate to infer about potential treatment effects of 
study interventions. We have highlighted that there is sound rationale to test these 
interventions to influence the course of persisting postoperative pain.  
We need to acknowledge that there are limited data on the optimal dosing and timing of 
our study interventions to prevent PPSP. We used IV ketamine up to 24 hours after 
surgery, based on the need for monitored bed, and logistical considerations as many 
VATS lobectomy patients are moved to a non-monitored bed before 24 hours. In 
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comparison, a recent smaller study reported a significant risk reduction using a 
combination of pregabalin and ketamine, with an infusion of ketamine (0.1 mg/kg/hr) for 
48 hours after surgery in cardiac surgery patients (53).  Another review and meta-analysis 
looking at memantine for treating or preventing pain observed considerable variation in 
the dose and duration of its treatment (21). Studying pain trajectories in the postoperative 
period can provide significant information about resolution of postoperative pain and 
PPSP (54, 55).  The existing knowledge about the transition from a state of 
physiologically acceptable postoperative pain into a state of PPSP is unclear (22). In our 
study the adjusted mean pain intensity decreased over time and by 8–9 weeks, it was <1 
in all patients’ groups (Figure 2).  
 Despite these challenges, our trial has several merits. Firstly, it further 
demonstrates the need for a pilot trial before embarking on a larger surgical trial. An 
empirical study looking at completion and publication rates of RCTs in surgery found 
that nearly half (43%) were discontinued, in comparison to 27% in medicine trials (56). 
Our study also highlights the limitations of assuming a relatively higher PPSP risk in 
VATS lobectomy population.  
Conclusion: Based on our results, we believe appropriate changes to study population, 
such as including other populations at higher risk of PPSP along with VATS lobectomy 
patients, with stratification based on surgical type, should be considered to make a larger 
trial feasible. This could also allow participation of other study centres.  
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Appendix 1: Study patient information brochure 
 

 
  



Ph. D. Thesis-H. Shanthanna; McMaster University-Department of HEI 

44 
 

Appendix 2: Change in global health status measured using global impression of 
change questionnaire 

Outcome category 
Steroid 
Active 
(n=13) 

Steroid 
Placebo 
(n=12) 

NMDA 
Active 
(n=11) 

NMDA 
Placebo 
(n=13) 

Very much improved                                                                      3 (21.4) 5 (41.7) 5 (41.7) 3 (21.4) 

 Much improved                                                                           1 (7.1) 1 (8.3) 1 (8.3) 1 (7.1) 

 Minimally improved                                                                      1 (7.1) 0 (0.0) 1 (8.3) 0 (0.0) 

 No change                                                                               7 (50.0) 3 (25.0) 4 (33.3) 6 (42.9) 

 Minimally worse                                                                         0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

 Much worse                                                                              1 (7.1) 1 (8.3) 0 (0.0) 2 (14.3) 

 Very much worse                                                                         0 (0.0) 1 (8.3) 0 (0.0) 1 (7.1) 
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Appendix 3: Difference in Quality of Life measured using European Organization 
for Research and Treatment of Cancer (EORTC) QoL-30 
 

Outcome category 
 

Steroids 
Active 
(n=13) 

Steroids 
Placebo (n=11) 

NMDA active 
(n=11) 

NMDA Placebo 
(n=13) 

Functioning Scales 
(Mean SD)*                                                                            

     Physical (Items 1 - 
5)                                                                          69.7±16.7 76.4±33.0 78.8±22.5 67.7±26.9 

     Role (Items 6 , 7)                                                                              73.1±35.1 68.2±44.4 74.2±38.3 67.9±40.5 
     Cognitive (Items 
20,25)                                                                         85.9±13.3 89.4±17.1 89.4±15.4 85.9±15.0 

     Emotional (Items 21 
- 24)                                                                       78.2±16.5 81.8±33.1 77.3±27.7 82.1±23.3 

     Social (Items 26 , 
27)                                                                          76.9±33.7 74.2±39.0 80.3±26.7 71.8±42.2 

     Global Quality of 
life (Items 29 , 30)                                                          80.8±33.2 84.8±36.9 95.5±25.6 71.8±37.7 

Symptom Scale 
and/items (Mean SD)**                                                                      

     Fatigue (Items 10 , 
12 , 18)                                                                    31.6±30.4 27.3±35.3 25.3±29.9 33.3±34.5 

     Nausea and vomiting 
(Items 14 , 15)                                                             7.7±16.1 4.5±15.1 4.5±10.8 7.7±18.8 

     Pain (Items 9 , 19)                                                                             24.4±32.4 22.7±31.9 13.6±16.4 32.1±38.8 
     Dyspnea (Item 8)                                                                                15.4±22.0 45.5±37.3 21.2±22.5 35.9±39.6 
     Sleep disturbance 
(Item 11)                                                                     30.8±44.0 24.2±39.7 33.3±44.7 23.1±39.4 

     Appetite loss (Item 
13)                                                                         23.1±39.4 9.1±30.2 9.1±21.6 23.1±43.9 

     Constipation (Item 
16)                                                                          10.3±28.5 9.1±30.2 12.1±30.8 7.7±27.7 

     Diarrhea (Item 17)                                                                              10.3±21.0 12.1±22.5 6.1±13.5 15.4±25.9 
     Financial Impact 
(Item 28)                                                                      7.7±14.6 27.3±41.7 15.2±22.9 17.9±37.6 

SD: standard deviation; NMDA: N methyl D Aspartate 
*Scores range from 0 to 100, with a higher score representing a higher level of functioning. 
**Scores range from 0 to 100, with a higher score representing a greater degree of 
symptoms. 
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Supplementary Appendix: CONSORT 2010 checklist of information to include when 

reporting a pilot or feasibility randomized trial in a journal or conference abstract 

 

Item Description Reported on 

line number 

Title  Identification of study as randomised pilot or 
feasibility trial 

Title page 

Authors * Contact details for the corresponding author Title page 
Trial design Description of pilot trial design (eg, parallel, cluster) 1 
Methods   
  Participants Eligibility criteria for participants and the settings 

where the pilot trial was conducted 
2 

  Interventions Interventions intended for each group 8-9 
  Objective Specific objectives of the pilot trial 4-5 
  Outcome Prespecified assessment or measurement to address 

the pilot trial objectives** 
4-5 

  Randomization How participants were allocated to interventions 7 
  Blinding 
(masking) 

Whether or not participants, care givers, and those 
assessing the outcomes were blinded to group 
assignment 

9 

Results   
  Numbers 
randomized 

Number of participants screened and randomised to 
each group for the pilot trial objectives** 

11 

  Recruitment Trial status† 11 
  Numbers 
analysed 

Number of participants analysed in each group for the 
pilot objectives** 

12 

  Outcome Results for the pilot objectives, including any 
expressions of uncertainty** 

12-13 

  Harms Important adverse events or side effects 15 
Conclusions General interpretation of the results of pilot trial and 

their implications for the future definitive trial 
17-18 

Trial registration Registration number for pilot trial and name of trial 
register 

Abstract page 

Funding Source of funding for pilot trial Abstract page 
 

Citation: Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al. 
CONSORT 2010 statement: extension to randomised pilot and feasibility trials. BMJ. 
2016;355. 
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Supplementary Appendix: CONSORT 2010 checklist of information to include 
when reporting a pilot or feasibility trial* 

 

Section/Topic 
Item 
No Checklist item 

Reported 
on page 
No 

Title and abstract 
 1a Identification as a pilot or feasibility 

randomised trial in the title 
Title 
page (29) 

1b Structured summary of pilot trial design, 
methods, results, and conclusions (for specific 
guidance see CONSORT abstract extension for 
pilot trials) 

30 

Introduction 
Background and 
objectives 

2a Scientific background and explanation of 
rationale for future definitive trial, and reasons 
for randomised pilot trial 

31 

2b Specific objectives or research questions for 
pilot trial 

32 

Methods 
Trial design 3a Description of pilot trial design (such as 

parallel, factorial) including allocation ratio 
32 

3b Important changes to methods after pilot trial 
commencement (such as eligibility criteria), 
with reasons 

NA 

Participants 4a Eligibility criteria for participants 32 
4b Settings and locations where the data were 

collected 
33 

 4c How participants were identified and 
consented 

33 

Interventions 5 The interventions for each group with 
sufficient details to allow replication, including 
how and when they were actually administered 

33 

Outcomes 6a Completely defined prespecified assessments 
or measurements to address each pilot trial 
objective specified in 2b, including how and 
when they were assessed 

35 

6b Any changes to pilot trial assessments or 
measurements after the pilot trial commenced, 
with reasons 

NA 

 6c If applicable, prespecified criteria used to 
judge whether, or how, to proceed with future 
definitive trial 

35 
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Sample size 7a Rationale for numbers in the pilot trial 35-36 
7b When applicable, explanation of any interim 

analyses and stopping guidelines 
NA 

Randomisation:    
Sequence  
generation 

8a Method used to generate the random allocation 
sequence 

33 

8b Type of randomisation(s); details of any 
restriction (such as blocking and block size) 

33 

Allocation 
concealment 
mechanism 

9 Mechanism used to implement the random 
allocation sequence (such as sequentially 
numbered containers), describing any steps 
taken to conceal the sequence until 
interventions were assigned 

33 

Implementation 10 Who generated the random allocation 
sequence, who enrolled participants, and who 
assigned participants to interventions 

33 

Blinding 11a If done, who was blinded after assignment to 
interventions (for example, participants, care 
providers, those assessing outcomes) and how 

33-34 

11b If relevant, description of the similarity of 
interventions 

34 

Statistical 
methods 

12 Methods used to address each pilot trial 
objective whether qualitative or quantitative 

35-36 

Results 
Participant flow 
(a diagram is 
strongly 
recommended) 

13a For each group, the numbers of participants 
who were approached and/or assessed for 
eligibility, randomly assigned, received 
intended treatment, and were assessed for each 
objective 

38 

13b For each group, losses and exclusions after 
randomisation, together with reasons 

36, 38 

Recruitment 14a Dates defining the periods of recruitment and 
follow-up 

36 

14b Why the pilot trial ended or was stopped 36 
Baseline data 15 A table showing baseline demographic and 

clinical characteristics for each group 
36 

Numbers 
analysed 

16 For each objective, number of participants 
(denominator) included in each analysis. If 
relevant, these numbers 
should be by randomised group 

38 

Outcomes and 
estimation 

17 For each objective, results including 
expressions of uncertainty (such as 95% 
confidence interval) for any 

40-41 
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estimates. If relevant, these results should be 
by randomised group 

Ancillary 
analyses 

18 Results of any other analyses performed that 
could be used to inform the future definitive 
trial 

NA 

Harms 19 All important harms or unintended effects in 
each group (for specific guidance see 
CONSORT for harms) 

42 

 19a If relevant, other important unintended 
consequences 

 

Discussion 
Limitations 20 Pilot trial limitations, addressing sources of 

potential bias and remaining uncertainty about 
feasibility 

43 

Generalisability 21 Generalisability (applicability) of pilot trial 
methods and findings to future definitive trial 
and other studies 

42-44 

Interpretation 22 Interpretation consistent with pilot trial 
objectives and findings, balancing potential 
benefits and harms, and 
considering other relevant evidence 

42-44 

 22a Implications for progression from pilot to 
future definitive trial, including any proposed 
amendments 

44 

Other information  
Registration 23 Registration number for pilot trial and name of 

trial registry 
30 

Protocol 24 Where the pilot trial protocol can be accessed, 
if available 

30 

Funding 25 Sources of funding and other support (such as 
supply of drugs), role of funders 

30 

 26 Ethical approval or approval by research 
review committee, confirmed with reference 
number 

30 

 
Citation: Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al. CONSORT 2010 
statement: extension to randomised pilot and feasibility trials. BMJ. 2016;355. 
*We strongly recommend reading this statement in conjunction with the CONSORT 2010, extension to 
randomised pilot and feasibility trials, Explanation and Elaboration for important clarifications on all the 
items. If relevant, we also recommend reading CONSORT extensions for cluster randomised trials, non-
inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic 
trials. Additional extensions are forthcoming: for those and for up to date references relevant to this 
checklist, see www.consort-statement.org. 
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PART 3: Analgesic Intervention in Chronic Low Back Pain 

 

 

 

 

 

 

 

 

 

 
  



Ph. D. Thesis-H. Shanthanna; McMaster University-Department of HEI 

55 
 

Chapter 5: The need to evaluate the use of gabapentinoids in the treatment of 
chronic low back pain 

 

Introduction 
 
Chronic low back pain (CLBP) is a common condition and causes significant pain, 
distress and disability across the world. It is multifactorial in aetiology and is challenging 
to manage. In most cases the underlying mechanism of pain is predominantly non-
specific, although there could be an element of neuropathic pain in some patients. 
Neuropathic pain is more severe, with significant disability. Gabapentinoids, including 
gabapentin and pregabalin, have proven efficacy in some neuropathic pain conditions. 
However, a substantial population of patients with CLBP are treated with gabapentinoids 
despite no clear evidence. In this chapter, we describe the etiological and treatment 
considerations in CLBP, apart from limitations within the existing evidence to treat this 
condition. It also describes the protocol of our systematic review and meta-analysis of 
randomised control trials using gabapentinoids in the treatment of CLBP.  
 
This chapter has been published in the journal BMJ Open and is an open access article 
distributed in accordance with the Creative Commons Attribution Non-Commercial (CC 
BY-NC 4.0) license. The existing copyright allows for including this in this thesis.  
 
Citation: Shanthanna H, Gilron I, Thabane L, Devereaux PJ, Bhandari M, AlAmri R, 
Rajarathinam M, Kamath S. Gabapentinoids for chronic low back pain: a protocol 
for systematic review and meta-analysis of randomised controlled trials. BMJ 
Open. 2016 Nov 10;6(11):e013200. 
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APPENDIX 1: Search Strategy  
Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid 
MEDLINE(R) Daily and Ovid MEDLINE(R) <1946 to Present>  
Search Strategy:  
1 exp Back Pain/ (32247)  
2 low back pain.mp. (26237)  
3 dorsalgia.mp. (75)  
4 back ache.mp. (85)  
5 (lumbar adj pain).mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] (1238)  
6 exp Coccyx/ or coccydynia.mp. (970)  
7 exp Spondylosis/ (6155)  
8 lumbago.mp. (1226)  
9 back disorder.mp. (116)  
10 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 (46531)  
11 exp Anticonvulsants/ or exp gamma-Aminobutyric Acid/ or gabapentin.mp. (162086)  
12 gaba agents.mp. or exp GABA Agents/ (147096)  
13 gabapentinoids.mp. (95)  
14 pregabalin.mp. or exp Pregabalin/ (2385)  
15 lyrica.mp. (88)  
16 neurontin.mp. (144)  
17 11 or 12 or 13 or 14 or 15 or 16 (212270)  
18 10 and 17 (211)  
Database: Embase <1974 to 2016 Jan 26>  
Search Strategy:  
1 exp backache/ (81835)  
2 backache.mp. (41855)  
3 exp low back pain/ (42900)  
4 low back pain.mp. (48181)  
5 low back pain.mp. (48181)  
6 lumbago.mp. (1695)  
7 spondylosis.mp. (8115)  
8 1 or 2 or 3 or 4 or 5 or 6 or 7 (94182)  
9 exp gabapentin/ or gabapentin.mp. (24302)  
10 anticonvulsants.mp. or exp anticonvulsive agent/ (320763)  
11 neurontin.mp. (1935)  
12 gabapentinoids.mp. (163)  
13 pregabalin/ (9498)  
14 pregabalin.mp. (9777)  
15 lyrica.mp. (910)  
16 9 or 10 or 11 or 12 or 13 or 14 or 15 (321222)  
17 8 and 16 (2606)  
18 limit 17 to english language (2447)  
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Search Name: CENTRAL-Gabapentinoids for LBP  
Last Saved: 21/01/2016 17:52:05.327  
Description:   
ID Search  
#1 MeSH descriptor: [Low Back Pain] explode all trees  
#2 low back ache  
#3 lumbago  
#4 low back pain  
#5 MeSH descriptor: [Anticonvulsants] explode all trees  
#6 gabapentin  
#7 pregabalin  
#8 neurontin  
#9 lyrica  
#10 gabapentinoids  
#11 #1 or #2 or #3 or #4  
#12 #5 or #6 or #7 or #8 or #9 or #10  
#13 #11 and #12 
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Chapter 6: A systematic review and meta-analysis of gabapentinoids for chronic low 
back pain 

 
Introduction 

Chronic Low Back Pain (CLBP) is very common, with a lifetime prevalence between 
51% and 80%. In majority, it is nonspecific in nature and multifactorial in etiology. 
Pregabalin (PG) and Gabapentin (GB) are gabapentinoids are increasingly used for 
nonspecific CLBP. Concerns have been raised about such use from guidelines. In this 
review we aimed to assess the effectiveness and safety of gabapentinoids in adult CLBP 
patients. We searched MEDLINE, EMBASE, and Cochrane databases from their 
inception until December 20th, 2016 for randomized control trials reporting the use of 
gabapentinoids for the treatment of CLBP of >3 months duration, in adult patients. Study 
selection and data extraction was performed independently by paired reviewers. 
Outcomes were guided by Initiative on Methods, Measurement and Pain Assessment in 
Clinical Trials guidelines, with pain relief and safety as the primary outcomes. Meta-
analyses were performed for outcomes reported in 3 or more studies. Outcomes were 
reported as mean differences (MDs) or risk ratios (RRs) with their corresponding 95% 
confidence intervals (CIs), and I2 in percentage representing the percentage variability in 
effect estimates that could be explained by heterogeneity. GRADE (Grading of 
Recommendations Assessment, Development, and Evaluation) was used to assess the 
quality of evidence. Out of 1,385 citations, eight studies were included. Based on the 
interventions and comparators, studies were analyzed in 3 different groups. GB compared 
with placebo (3 studies, n = 185) showed minimal improvement of pain (MD = 0.22 
units, 95% CI [-0.5 to 0.07] I2 = 0%; GRADE: very low). Three studies compared PG 
with other types of analgesic medication (n = 332) and showed greater improvement in 
the other analgesic group (MD = 0.42 units, 95% CI [0.20 to 0.64] I2 = 0; GRADE: very 
low). Studies using PG as an adjuvant (n = 423) were not pooled due to heterogeneity, 
but the largest of them showed no benefit of adding PG to tapentadol. There were no 
deaths or hospitalizations reported. Compared with placebo, adverse events were more 
commonly reported with GB. The number needed to harm with 95% CI for dizziness, 
fatigue, difficulties with mentation, and visual disturbances were 7 (4 to 30), 8 (4 to 44), 
6 (4 to 15), and 6 (4 to 13) respectively. Functional and emotional improvements were 
reported by few studies and showed no significant improvements. We conclude that  
existing evidence on the use of gabapentinoids in CLBP is limited and demonstrates 
significant risk of adverse effects without any demonstrated benefit. There is need for 
large high-quality trials to more definitively inform this issue. 
As this is an open access article distributed under the terms of the Creative Commons 
Attribution License, it permits the use of reusing the published article in this thesis.  
Citation: Shanthanna H, Gilron I, Rajarathinam M, AlAmri R, Kamath S, Thabane L, 
Devereaux PJ, Bhandari M. Benefits and safety of gabapentinoids in chronic low 
back pain: A systematic review and meta-analysis of randomized controlled trials. 
PLoS Med. 2017 Aug 15;14(8):e1002369. 
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Supplementary Appendix: S1 Text: Search Strategy for MEDLINE and EMBASE 
Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid 
MEDLINE(R) Daily and Ovid MEDLINE(R) <1946 to Present> 
Search Strategy: 
1     exp Back Pain/ (32247) 
2     low back pain.mp. (26237) 
3     dorsalgia.mp. (75) 
4     back ache.mp. (85) 
5     (lumbar adj pain).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] (1238) 
6     exp Coccyx/ or coccydynia.mp. (970) 
7     exp Spondylosis/ (6155) 
8     lumbago.mp. (1226) 
9     back disorder.mp. (116) 
10     1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 (46531) 
11     exp Anticonvulsants/ or exp gamma-Aminobutyric Acid/ or gabapentin.mp. 
(162086) 
12     gaba agents.mp. or exp GABA Agents/ (147096) 
13     gabapentinoids.mp. (95) 
14     pregabalin.mp. or exp Pregabalin/ (2385) 
15     lyrica.mp. (88) 
16     neurontin.mp. (144) 
17     11 or 12 or 13 or 14 or 15 or 16 (212270) 
18     10 and 17 (211) 
Database: Embase <1974 to 2017 May 02> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1     exp backache/ (86852) 
2     backache.mp. (44068) 
3     exp Low Back Pain/ (45830) 
4     low back pain.mp. or low back pain/ (51243) 
5     lumbago.mp. (1637) 
6     spondylosis.mp. (8248) 
7     or/1-6 (99535) 
8     gabapentin.mp. or exp gabapentin/ (25534) 
9     anticonvulsants.mp. or exp anticonvulsive agent/ (360788) 
10     neurontin.mp. (1950) 
11     gabapentinoids.mp. (202) 
12     pregabalin/ (10346) 
13     pregabalin.mp. (10607) 
14     lyrica.mp. (942) 
15     or/8-14 (361243) 
16     7 and 15 (3035) 
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17     limit 16 to english language (2864) 
18     16 not 17 (171) 
 
 
Supplementary Appendix S2 Text: Rescaling or Conversion of Pain Scores to a 
Common 0-10 Numerical Rating Scale. 
 
Conversion to natural units of most familiar/used or reference instrument [0-10 NRS] 

• Instrument A (reference instrument of 0-10 NRS); Scale: LA and UA; Range: R = 
RA = UA–LA 

• Instrument B (another instrument) used in Trial i: Scale: LB and UB; Range: R = 
RB = UB–LB 

• C: control group; mBCi and sdBCi : mean and sd of control group 
• E: experimental group; mBEi and sdBEi : mean and sd of intervention group 

We need to obtain estimates of, mACi , sdACi , mAEi , and sdAEi , of what would have 
been observed had instrument A been used in trial i 

 

 
 
 
 
Supplementary Appendix: S1 Fig. Forest plot showing comparison of studies using 
pregabalin as an adjunct analgesic compared to active analgesic. 
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Supplementary Appendix S1 PRISMA checklist  
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 This chapter provides an overview of the main findings from the three 
investigations of analgesic interventions included in this thesis. It also considers the main 
implications of study findings, directions for future research and clinical practice, and key 
limitations. 
 The first part of this thesis described the comparison of morphine (M) versus 
hydromorphone (HM) in day surgery patients, within the framework of a multicentre 
randomized control trial (RCT). The study was conducted during February 2015 to May 
2018, and randomized 402 patients.  
Key findings: The primary finding was that the odds of achieving satisfactory analgesia 
with minimal emesis (SAME) during stabilisation of patients in post-anesthetic care unit 
(PACU) were similar between the groups with an odds ratio (OR) of 1.00 (95% 
Confidence Interval (CI): 0.56, 1.78). The proportion of patients having severe sedation, 
itching, and respiratory depression were also similar. As another comparison for 
analgesia, the proportion of patients requesting oral analgesia were nearly equal; 68% in 
the HM and 66% in the M group. The only significant difference was in the total quantity 
of opioid analgesia used when considered in equivalent morphine unit ratio of 5:1 
(HM:M). The HM group required significantly lesser medication: -0.73 units (95% CI: -
1.43, -0.03). We also noted that post-discharge symptoms of average pain, nausea-
vomiting, emergency roon visit or readmission rate within the 24 hours, were similar 
between the groups.  
Implications and future directions: This study demonstrated that, although there may 
be pharmacokinetic differences between the study medications29, clinically there are no 
differences either in the achievement of appropriate analgesia or for the side effect rates 
of patient important outcomes. As the existing literature was unclear about the choice of 
long-acting opioid to be in acute settings30-32, our trial provides a much clear picture for 
the practicing physician or health providers. This finding is in contrast to the review and 
meta-analysis reporting that HM is more advantageous than M for acute pain, when 
compared for pain scores33. The significant difference in total opioid needed suggests that 
the potency of HM is more than five times that of M.	The ratio of 5:1 (HM:M) is widely 
quoted and used, although the reported range of potency is variable, from 5:1 to 10:134. 
Mahler and Forrest looked at the relative potencies of HM and M in postoperative 
patients and had observed that HM dose of 0.9-1.2 mg could be equi-analgesic to 10 mg 
of M, which is not a common belief35. It is likely that a perception of administering a 
much smaller dose of opioid with HM creates a subjective bias in health providers who 
consider HM to be more effective for analgesia. Our study considered patient important 
outcomes at individual patient level (binary), in contrast to most other studies which 
report average outcomes. We feel this is especially important, as it not only facilitates the 
interpretation of treatment effects, but also because opioid side effects can be 
idiosyncratic and patient dependent. Apart from being a relatively large trial, no 
differences were observed in our comparison of analgesia and other post-discharge 
outcomes, indicating consistency with our primary outcome. As it is very unlikely that 
there are real differences between the study medications, we do not think there would be 
any benefit in comparing these medications in a similar cohort of patients, and any future 
clinical decisions should be based on individual patient responses. 
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Limitations: Since this study involved only patients having day surgeries, it is possible 
that similar observations may not be valid for PCA therapy, as the effects of M could be 
cumulative because of an active metabolite. Similarly, our results do not apply for 
patients with chronic pain.  
 
 In chapter 4, we reported the study titled, ‘NMDA Antagonists and Steroids for 
the Prevention of Persisting Post-Surgical Pain after Thoracoscopic Surgeries: A 
Randomized Controlled, Factorial Design, International, Multicentre Pilot Study’. This 
was a feasibility study conducted at two sites; St. Joseph’s Hamilton, Canada (site 1) and 
Cleveland Clinic, Cleveland, USA (site 2). The primary objective of the study was to 
determine the feasibility of recruiting eligible patients and patients completing the three 
months follow up.  
Key findings: We initiated the trial at site 1 on 3rd May 2017 and at site 2 on 5th April 
2018. Out of the estimated sample size of 48 patients, we recruited 27 patients, and had to 
stop recruitment on April 20th, 2018 because the packaged study medications were 
expiring and there was no available supply of 5 mg memantine tablets from our source. 
The recruitment rate per week (95% CI) were 0.63 (0.47–0.79); and 1 (0.83–1.17), 
respectively, at sites 1 and 2. The percentage of randomized patients with follow-up at 
three months after randomization was 100% and 66.7% (one of the three patients was lost 
to follow up) at site 1 and 2, respectively. Overall, we were unable to demonstrate 
feasibility based on lower than expected recruitment rate, and other logistical challenges 
that did not allow us to complete the full study recruitment. The study assessed clinical 
endpoints as secondary outcomes. At three months post randomization, the number of 
patients having any persistent post-surgical pain (PPSP) (resting score >0 in 0–10 
numerical rating scale (NRS), and PPSP on movements (>3 in 0–10 NRS) were four, and 
two patients respectively. There were no important differences in any other clinical 
outcomes.  
Implications and future directions: Our trial is a good example of the need for a 
feasibility study, before embarking on a larger trial36. We planned it as an international 
trial as we appreciated the need to involve other centres beyond Canada. We faced 
several challenges during the conduct of the trial: requirements for regulatory approvals, 
acquisition and packaging of study medications, individual site ethics approval, and the 
need to ensure study completion before the expiry of study medications. Although we 
were able to overcome the challenges of satisfying regulatory requirements, we had a 
significant delay at the 2nd site due to other trial logistics. We also observed that the 
increasing use of robotic surgery for lung resections can affect patient recruitment at both 
sites37. The 2nd aspect to consider is the rate of baseline risk of PPSP in this population so 
that a reasonable estimate for a future study sample can be made. The incidence of PPSP 
after video assisted thoracoscopic surgeries (VATS) lobectomies is not consistent across 
studies and can vary between 22 to 63%38-40. We estimated a lower limit of 20% 
incidence with movement, based on available literature. In our trial, we observed a PPSP 
rate of 15% at rest and 7% with movement (clinically important PPSP). We believe that 
appropriate changes to study population, such as including other populations at higher 



Ph. D. Thesis-H. Shanthanna; McMaster University-Department of HEI 

93 
 

risk of PPSP along with VATS lobectomy patients, with stratification based on surgical 
type, should be considered to make a larger trial feasible.  
Limitations: This being a pilot study, it is not appropriate to infer about potential 
treatment effects of study interventions. Although we have highlighted a good scientific 
rationale behind our study interventions, we need to acknowledge that there is limited 
data on the optimal dosing and timing of our study interventions to prevent PPSP.  
 
 In our third part of the thesis, we reported on the background, methodology and 
our systematic review and meta-analysis of RCTs assessing the benefits and safety of 
gabapentinoids in chronic low back pain (CLBP).  
Key findings: We identified 8 RCTs that assessed the benefits of using gabapentin (GB) 
or pregabalin (PG) in CLBP. Out of them, six had a risk of selection bias, six for 
allocation concealment and three for sequence generation, and four involved a risk of 
detection bias. GB compared to placebo (3 studies, n = 185) showed only minimal 
improvement of pain compared to placebo (mean difference (MD) = 0.22 units, 95% CI 
[−0.5 to 0.07] I2 =0%; GRADE: very low), and pain relief with PG was inferior 
compared to the active analgesic group (MD = 0.42 units, 95% CI [0.20 to 0.64] I2 = 0; 
GRADE: very low). Studies using PG as an adjuvant (n =423) were not pooled due to 
heterogeneity, but the largest of them showed no benefit of adding PG to tapentadol. Both 
GB and PG were associated with increased risk of dizziness and GB was additionally 
associated with increased risk of fatigue, visual disturbances, and difficulties with 
mentation compared with placebo.  
Implications and future directions: Considering the overall burden of CLBP, 
appropriate management of this condition is a health priority20,41. CLBP is a challenging 
and frequently recurring condition, with unsatisfactory results using routine analgesic 
medications. As there are multiple observations about the increased use of gabapentinoids 
for CLBP, our review serves an important purpose in the present context. Our results 
indicate that there is not only limited evidence to support the use of gabapentinoids in 
nonspecific CLBP, the existing evidence suggests increased risk of adverse effects with 
only minimal or no benefit. From the standpoint of clinical practice, it has important 
implications, and their continued use in CLBP merits caution. It is notable that the results 
of our review were considered as important signals for clinical practice by National 
Institute of Health Research, UK (https://discover.dc.nihr.ac.uk/content/signal-
000515/two-nerve-drugs-are-not-suitable-for-treating-long-term-low-back-pain). As the 
existing studies are small, it is important for any future study assessing the benefit of 
gabapentinoids to be large, and to stratify patients to possible neuropathic and non-
neuropathic pain category, as gabapentinoids have better evidence in neuropathic pain 
conditions.  
Limitations: Non-inclusion of studies with patients of predominant leg pain or spinal 
stenosis can be considered a limitation. This was done to limit the heterogeneity within 
our study population. Heterogeneity has been shown to be an issue with meta-analyses 
involving a smaller number of trials or events. Also, topiramate (another anticonvulsant 
medication used for chronic pain conditions) was not considered in this review, as it has a 
slightly different mechanism of action and is not commonly used for CLBP. At the same 
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time, it is important to note that a subsequently published review, which considered the 
population of lumbar radicular pain with or without CLBP, and expanded to include any 
anticonvulsants, also came to a similar result and conclusion as ours42.  
 
 Final Conclusions: This thesis includes investigations involving analgesic 
interventions in three different context and patient population, using methodological 
framework of an RCT; factorial design feasibility RCT; and a systematic review and 
meta-analysis. It identified no difference between morphine and hydromorphone in day 
surgery patients; need for appropriate modifications to protocol for a definitive factorial 
design trial; and limited evidence for using gabapentinoids for CLBP, respectively. 
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